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Abstract: The growing production of waste and increased use of water and sanitation systems
worldwide have been pressuring the water, sanitation, and waste sectors. This study analyzed the
perception of the determinants of work activity among workers from the water, sanitation, and waste
sector in Portugal, the variation in the work demands among different shift types, and the main
predictors of sleep disturbances. Data collection was performed through a questionnaire administered
to 300 workers in 2017 and 2019. An ageing population was identified in all shift types. Possible
occupational trajectories with changes from the fixed night and early morning shifts to daytime and
fast rotating shifts may be linked to health conditions. Workers in fixed night and early morning
shifts perceived higher physical demands and environmental discomfort, lower social support, and
job dissatisfaction. Workers in daytime or fast rotating shifts perceived higher cognitive demands.
Sleep disturbances were perceived more negatively among those working permanently on night and
early morning shifts. The main predictors of sleep disturbance in both years were the type of shift,
and high physical demands. The study highlights the relevance of characterizing the work demands
to establish future strategies to improve the health and well-being of shift workers.

Keywords: sleep disturbances; water; sanitation; waste sector; fixed and rotating shifts; night shifts;
work determinants; human factors

1. Introduction

The development of cities with a growing production of waste and increased use
of water and sanitation systems has been pressuring the water, sanitation and waste
sectors managed by municipalities in Portugal. Municipalities manage the collection
and haulage of waste and perform the maintenance of water and sanitation systems
related to household and economic and public activities, such as restaurants, schools
and companies [1]. Municipalities have blue-collar workers devoted to regular waste
collection and the maintenance of the water and sanitation systems. These tasks are mainly
physically demanding, but, in the last few decades, the implementation of organizational
and technological changes aimed to improve the efficiency and sustainability of the water,
sanitation and waste sector [1]. These services offered to all urban and country populations
often implicate a 24 h work activity, with shift and night work. The exposure of workers to
shift work and night work has well-described consequences, such as the perturbation of
sleep and wake cycles and the modification of the activity and rest pattern [2]. Frequent
consequences of shift and night work are sleepiness and fatigue during work periods,
health impairments and increased safety risks [2,3]. In addition, work conditions may
vary among different shift types, depending on the nature of the tasks, the number of
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workers, the work pace, the presence of supervisors, and other factors [3,4]. Physical and
psychosocial characteristics of work influence workers’ sleep and may have a cumulative
effect on shift work. Higher job demands, such as quantitative demands, role conflict,
decision control and social support [5–7], and environmental exposure to noise or heat
stress are related to poor sleep quality [5], and high physical workload is associated with
sleep problems and fatigue [3]. In the literature, night shifts relate to more negative effects
on health and social relations [8], with workers facing more difficulties coping with and
leaving these types of shifts earlier in work life [9].

Generally, municipal workers belong to different occupational categories with di-
verse activity demands, and are an ageing population [10]. Those belonging to the water,
sanitation and waste sectors are less focused on research but exposed to high physically
demanding tasks, outdoor work, shift work, and psychosocial risk factors [11]. Still, there
is a gap in research regarding the differences in the perception of working conditions
between distinct shifts among workers from the water, sanitation, and waste sectors and
the consequences for sleep disturbance.

The present study aimed to characterize the perception of the main determinants of
work activity among workers from the water, sanitation, and waste sectors in Portugal, in
2017 and 2019, analyze the variations in the work demands among different types of shifts,
and identify the main predictors of sleep disturbance in 2017 and 2019.

An ageing population was identified in all shift types. Possible occupational trajec-
tories with changes from the permanent night and early morning shifts to daytime and
fast rotating shifts may be linked to health conditions. Workers in fixed night and early
morning shifts perceived higher physical demands and environmental discomfort, lower
social support, and job dissatisfaction. Workers in daytime or fast rotating shifts perceived
higher cognitive demands. Sleep disturbances were perceived more negatively among
those working permanently on night and early morning shifts in both data collection
moments. The main predictors of sleep disturbance in 2017 and 2019 were the type of shift,
namely, night and early morning shifts, and high physical demands.

2. Materials and Methods

The study design encompassed two data collection moments (2017 and 2019) within
the same working population.

2.1. Participants

The study population consisted of all workers from the Solid Waste Division and
Water and Sanitation Division from the Water, Sanitation, and Waste Sector (SMAS) in
the municipality of Sintra, Portugal. In 2017, the study population comprised a total of
484 workers, and in 2019 a total of 575 workers were part of this year’s study population.
All workers were invited for the study, but the participants were selected based on inclusion
criteria: being a worker at SMAS for at least six months; voluntary participation. In 2017,
the sample consisted of 300 males, followed up in 2019.

The workers were grouped in the Solid Waste Division (SoWD) with two fixed
shifts (23:00–06:00 and 06:00–13:00), and the Water and Sanitation Division (WaSaD) with
one fixed shift (08:00–16:00) and one fast forward rotating schedule (with three eight hours
shifts: 08:00–16:00; 16:00–24:00; 24:00–08:00).

An exclusion criterion was defined based on the identification of shift types that did
not match those usually used in the division to which the worker belonged. Based on this
criterion, 6 participants were excluded in 2017 and 10 in 2019. These participants were
excluded from the analysis because the exposure to work demands regarding the type of
shift and division pair were not similar. The final samples included 294 workers in 2017,
and 290 in 2019.



Appl. Syst. Innov. 2022, 5, 108 3 of 13

2.2. Data Collection

Data collection comprised a questionnaire administered to all workers during a 30 min
interview. The questionnaire included three parts: the first aimed at characterizing the
socio-demographic variables, such as age, work seniority, and division; the second, based
on the questionnaire used by Cotrim et al. (2019) [10], included postural and organizational
work determinants concerning the type of schedule, sleep duration, perception of fatigue
after work, perception of environmental discomfort (temperature, noise, and vibration),
and perception of postures adopted during work activity; the third part regarded the
evaluation of psychosocial risk factors, health and sleep disturbances using the Portuguese
Middle version of the Copenhagen Psychosocial Questionnaire (COPSOQ II) [12].

2.3. Ethical Procedures

The general principles of ethics in scientific research were considered and the study
was approved by the Ethics Committee of the Faculty of Human Kinetics, University of
Lisbon (protocol code 21/2017). All workers participated voluntarily and gave informed
consent before taking part in the study.

2.4. Statistical Analysis

All statistical analyses used SPSS Statistics (version 25) and considered a significance
level of 5%. Summary data comprised mean and standard deviation (SD), or frequency
and percentage, according to the type of variable. For quantitative variables, normality
and homogeneity of variances assumptions were verified using the Shapiro–Wilk test and
Levene’s test, respectively. For each data collection moment, types of shift comparisons
were performed using the Chi-square test for homogeneity of qualitative variables, the
Kruskal–Wallis test for quantitative variables that did not meet the normality assumption,
ANOVA with Welch correction for quantitative variables that did not meet the homogeneity
of variances assumption, and ANOVA for quantitative variables that verified the normality
and homogeneity of variances. A stepwise linear regression was performed to identify the
significant predictors of sleep disturbance in each data collection moment.

3. Results

All the results are grouped by type of shift and division, given the diverse nature of
the tasks and the allocation of night and early morning shifts to SoWD and day shift and
rotating shifts to WaSaD.

3.1. Socio-Demographic Characteristics

Globally, SMAS presented an ageing working group: in 2017, the mean age was
50.3 years old, rising to 52.5 years in 2019, but there were no significant differences among
shift types. Regarding seniority, the group of workers from SoWD with a fixed night shift
(23:00–06:00) had the lowest seniority and differed from both groups belonging to the
two types of shifts of WaSaD (8:00–16:00 and rotating); the same happened with the fixed
early morning shift (06:00–13:00) differing from both WaSaD shift types. The duration of
sleep was shorter after the night shift and statistical differences were found between shift
types (Table 1).
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Table 1. Mean (SD) of age, work seniority and sleep duration in 2017 and 2019 by shift type, and shift
types comparisons.

2017 SoWD (n = 82) WaSaD (n = 212) Shift Type Effect

Fixed Night (n = 33) Fixed Early
Morning (n = 49)

Fixed Daytime
(n = 126)

Rotating
(n = 86) Total (n = 294) F p

Age
(years) 47.91 (10.53) 48.43 (10.20) 51.38 (9.93) 50.62 (9.57) 50.28 (9.98) 1.740 a 0.159

Work
seniority
(years)

7.15 (8.52) 4.55 (6.02) 16.13 (11.01) 15.47 (12.28) 13.00 (11.45) 32.852
b,c

<0.001
*

Sleep
duration
(h)

4.61 (0.76) 5.25 (1.00) 6.31 (1.30) 6.03 (0.88) 5.87 (1.23) 37.036
b,e <0.001

2019 SoWD (n = 94) WaSaD (n = 196) Shift type effect

Fixed night (n = 36) Fixed early
morning (n = 58)

Fixed daytime
(n = 117)

Rotating
(n = 79) Total (n = 290) F p

Age
(years) 49.47 (11.85) 51.07 (9.49) 52.79 (9.31) 53.57 (10.21) 52.45 (9.96) 1.487 a 0.218

Work
seniority
(years)

8.92 (8.17) 6.29 (5.56) 18.04 (10.78) 16.94 (12.01) 14.26 (11.13) 37.320
b,d

<0.001
*

Sleep
duration
(h)

5.17 (0.88) 5.40 (0.94) 6.38 (1.31) 6.03 (0.87) 5.94 (1.17) 18.738
b,d

<0.001
*

a ANOVA. b ANOVA with Welch correction. c Games–Howell multiple comparisons test showed significant
differences between fixed night and fixed daytime, fixed night and rotating, fixed early morning and fixed daytime,
and fixed early morning and rotating shift types (p < 0.001 for all comparisons) (There were no significant differences
in work seniority between the two SoWD shift types or between the two WaSaD shift types). d The Games–Howell
multiple comparisons test showed significant differences between fixed night and fixed daytime, fixed night and
rotating, fixed early morning and fixed daytime, and fixed early morning and rotating shift types (p < 0.001 for all
comparisons) (There were no significant differences in work seniority between the SoWD shift types or between the
two WaSaD shift types). e The Games–Howell multiple comparisons test showed significant differences between
fixed night and fixed early morning (p = 0.010), fixed night and rotating (p < 0.001), fixed night and fixed daytime
(p < 0.001), fixed early morning and fixed daytime (p < 0.001), and fixed early morning and rotating shift types (p <
0.001) (There were no significant differences in sleep duration between the two WaSaD shift types). * p < 0.05.

3.2. Postural and Environmental Determinants of Work Activity

The workers’ perceptions about the types of demands related to their work activity
were mainly physical, and differences between the two divisions’ shift types were present
in both data collection moments. The WaSaD workers reported a higher percentage of both
mental and physical demands in their work activity (Table 2).

Table 2. Perception of work demands (Frequency (%)) in 2017 and 2019 by shift type and results of
Chi-square test for homogeneity comparing shift types.

2017 SoWD (n = 82) WaSaD (n = 212) Shift Type Effect

Fixed Night
(n = 33)

Fixed Early
Morning
(n = 49)

Fixed
Daytime
(n = 126)

Rotating
(n = 86)

Total
(n = 294) χ2 p

Work
Demands

Mental 3 (9.1%) 5 (10.2%) 5 (4.0%) 5 (5.8%) 18 (6.1%)

33.408 <0.001 *Physical 23 (69.7%) 39 (79.6%) 72 (57.1%) 33 (38.4%) 167 (56.8%)

Both 7 (21.2%) 5 (10.2%) 49 (38.9%) 48 (55.8%) 109 (37.1%)

2019 SoWD (n = 94) WaSaD (n = 196) Shift type effect

Fixed night
(n = 36)

Fixed early
morning
(n = 58)

Fixed
Daytime
(n = 117)

Rotating
(n = 79)

Total
(n = 290) χ2 p

Work
Demands

Mental 3 (8.3%) 6 (10.3%) 4 (3.4%) 4 (5.1%) 17 (5.9%)

27.923 <0.001 *Physical 23 (63.9%) 42 (72.4%) 66 (56.4%) 29 (36.7%) 160 (55.2%)

Both 10 (27.8%) 10 (17.2%) 47 (40.2%) 46 (58.2%) 113 (39.0%)

* p < 0.05.
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The perception of the adoption of postures with upper limbs above the shoulders and
the flexion of the trunk was more frequent among night shift workers, and differences
between the shifts were statistically significant in both years. The posture with trunk
rotation presented a higher frequency among those workers of night shifts, with significant
differences in 2019 (Table 3).

Table 3. Perception of upper limbs (above shoulders) and trunk (flexion and rotation) (Frequency
(%)) in 2017 and 2019 by shift type and results of Chi-square test for homogeneity comparing shift
types.

2017 SoWD (n = 82) WaSaD (n = 212) Shift Type Effect

Fixed
Night

(n = 33)

Fixed Early
Morning
(n = 49)

Fixed
Daytime
(n = 126)

Rotating
(n = 86)

Total
(n = 294) χ2 p

Upper
limbs
above
shoulders

Very
Frequent 18 (54.5%) 17 (34.7%) 29 (23.0%) 25 (29.1%) 89 (30.3%)

14.899 0.020 *Sometimes 8 (24.2%) 23 (46.9%) 72 (57.1%) 45 (52.3%) 148 (50.3%)

Seldom 7 (21.2%) 9 (18.4%) 25 (19.8%) 16 (18.6%) 57 (19.4%)

Trunk
Flexion

Very
Frequent 17 (51.5%) 17 (34.7%) 28 (22.2%) 26 (30.2%) 88 (29.9%)

12.563 0.050 *Sometimes 10 (30.3%) 24 (49.0%) 75 (59.5%) 44 (51.2%) 153 (52.0%)

Seldom 6 (18.2%) 8 (16.3%) 23 (18.3%) 16 (18.6%) 53 (18.0%)

Trunk
rotation

Very
Frequent 17 (51.5%) 15 (30.6%) 30 (23.8%) 30 (34.9%) 92 (31.3%)

11.510 0.073Sometimes 11 (33.3%) 23 (46.9%) 74 (58.7%) 41 (47.7%) 149 (50.7%)

Seldom 5 (15.2%) 11 (22.4%) 22 (17.5%) 15 (17.4%) 53 (18.0%)

2019 SoWD (n = 94) WaSaD (n = 196) Shift type effect

Fixed
night

(n = 36)

Fixed early
morning
(n = 58)

Fixed
daytime
(n = 117)

Rotating
(n = 79)

Total
(n = 290) χ2 p

Upper
limbs
above
shoulders

Very
Frequent 21 (58.3%) 21 (36.2%) 26

(22.2%) 24 (30.4%) 92
(31.7%)

19.844 0.003 *Sometimes 13 (36.1%) 31 (53.4%) 70
(59.8%) 39 (49.4%) 153 (52.8%)

Seldom 2
(5.6%)

6
(10.3%)

21
(17.9%) 16 (20.3%) 45

(15.5%)

Trunk
Flexion

Very
Frequent 20 (55.6%) 19 (32.8%) 26 (22.2%) 25 (31.6%) 90 (31.0%)

16.400 0.011 *Sometimes 14 (38.9%) 32 (55.2%) 71 (60.7%) 39 (49.4%) 156 (53.8%)

Seldom 2 (5.6%) 7 (12.1%) 20 (17.1%) 15 (19.0%) 44 (15.2%)

Trunk
rotation

Very
Frequent 20 (55.6%) 17 (29.3%) 28 (23.9%) 28 (35.4%) 93 (32.1%)

15.740 0.015 *Sometimes 15 (41.7%) 31 (53.4%) 70 (59.8%) 37 (46.8%) 153 (52.8%)

Seldom 1 (2.8%) 10 (17.2%) 19 (16.2%) 14 (17.7%) 44 (15.2%)
* p < 0.05.

The frequency of discomfort related to environmental conditions was higher among
night and early morning shift workers. The differences among shift types were statistically
significant in both data collection moments for all the categories assessed (noise, vibrations,
temperature) (Table 4).
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Table 4. Perception of environmental discomfort (Frequency (%)) in 2017 and 2019 by shift type and
results of Chi-square test for homogeneity comparing shift types.

2017 SoWD (n = 82) WaSaD (n = 212) Shift type effect

Fixed
night

(n = 33)

Fixed early
morning
(n = 49)

Fixed
daytime
(n = 126)

Rotating
(n = 86)

Total
(n = 294) χ2 p

Noise

Low discomfort 8 (24.2%) 2 (4.1%) 38 (30.2%) 17 (19.8%) 65 (22.1%)

43.924 <0.001 *Moderate 9 (27.3%) 11 (22.4%) 47 (37.3%) 48 (55.8%) 115 (39.1%)

High discomfort 16 (48.5%) 36 (73.5%) 41 (32.5%) 21 (24.4%) 114 (38.8%)

Vibrations

Low discomfort 7 (21.2%) 3 (6.1%) 39 (31.0%) 16 (18.6%) 65 (22.1%)

49.003 <0.001 *Moderate 9 (27.3%) 11 (22.4%) 47 (37.3%) 52 (60.5%) 119 (40.5%)

High discomfort 17 (51.5%) 35 (71.4%) 40 (31.7%) 18 (20.9%) 110 (37.4%)

Temperature
at Summer

Low discomfort 5 (15.2%) 2 (4.1%) 29 (23.0%) 12 (14.0%) 48 (16.3%)

44.645 <0.001 *Moderate 10 (30.3%) 10 (20.4%) 56 (44.4%) 52 (60.5%) 128 (43.5%)

High discomfort 18 (54.5%) 37 (75.5%) 41 (32.5%) 22 (25.6%) 118 (40.1%)

Temperature
at Winter

Low discomfort 5 (15.2%) 2 (4.1%) 30 (23.8%) 13 (15.1%) 50 (17.0%)

39.443 <0.001 *Moderate 9 (27.3%) 11 (22.4%) 54 (42.9%) 49 (57.0%) 123 (41.8%)

High discomfort 19 (57.6%) 36 (73.5%) 42 (33.3%) 24 (27.9%) 121 (41.2%)

2019 SoWD (n = 94) WaSaD (n = 196) Shift type effect

Fixed
night

(n = 36)

Fixed early
morning
(n = 58)

Fixed
daytime
(n = 117)

Rotating
(n = 79)

Total
(n = 290) χ2 p

Noise

Low discomfort 6 (16.7%) 5 (8.6%) 34 (29.1%) 14 (17.7%) 59 (20.3%)

28.085 <0.001 *Moderate 14 (38.9%) 17 (29.3%) 46 (39.3%) 44 (55.7%) 121 (41.7%)

High discomfort 16 (44.4%) 36 (62.1%) 37 (31.6%) 21 (26.6%) 110 (37.9%)

Vibrations

Low discomfort 6 (16.7%) 6 (10.3%) 34 (29.1%) 13 (16.5%) 59 (20.3%)

34.165 <0.001 *Moderate 13 (36.1%) 16 (27.6%) 47 (40.2%) 48 (60.8%) 124 (42.8%)

High discomfort 17 (47.2%) 36 (62.1%) 36 (30.8%) 18 (22.8%) 107 (36.9%)

Temperature
at Summer

Low discomfort 3 (8.3%) 5 (8.6%) 26 (22.2%) 11 (13.9%) 45 (15.5%)

29.150 <0.001 *Moderate 17 (47.2%) 15 (25.9%) 54 (46.2%) 46 (58.2%) 132 (45.5%)

High discomfort 16 (44.4%) 38 (65.5%) 37 (31.6%) 22 (27.8%) 113 (39.0%)

Temperature
at Winter

Low discomfort 3 (8.3%) 5 (8.6%) 28 (23.9%) 12 (15.2%) 48 (16.6%)

26.426 <0.001 *Moderate 16 (44.4%) 16 (27.6%) 51 (43.6%) 44 (55.7%) 127 (43.8%)

High discomfort 17 (47.2%) 37 (63.8%) 38 (32.5%) 23 (29.1%) 115 (39.7%)

* p < 0.05.

3.3. Psychosocial Determinants of Work Activity

In 2017, the perceptions of the psychosocial demands related to work activity were sta-
tistically different among shift types for cognitive demands, horizontal trust, and meaning
of work. Cognitive demands were higher in both shift types of WaSaD, with differences
between the early morning (06:00–13:00) and the day shift (08:00–16:00). The worst values
of horizontal trust were perceived by the night shift (23:00–06:00) and rotating shift work-
ers, with differences between the night and the early morning shifts. Night shift workers
showed better results in terms of the meaning of work, and differed from the early morning
shift. In 2019, for job satisfaction, there were differences between shifts: those belonging to
the rotating shift had the best results, with significant differences between them and the
early morning shift (Table 5).
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Table 5. Mean (SD) of psychosocial variables in 2017 and 2019 by shift type, and shift type comparisons.

2017 SoWD (n = 82) WaSaD (n = 212) Shift Type Effect

COPSOQ g
Fixed Night
(n = 33)

Fixed Early
Morning
(n = 51)

Fixed
Daytime
(n = 127)

Rotating
(n = 89)

Total
(n = 294)

F or H
Statistic p

Cognitive
demands 2.65 (0.68) 2.61 (0.44) 2.85 (0.53) 2.76 (0.53) 2.76 (0.54) 2.978 a,c 0.032 *

Horizontal trust 2.45 (0.66) 2.27 (0.48) 2.32 (0.52) 2.43 (0.59) 2.36 (0.56) 3.081 a,d 0.028 *

Offensive
behaviors 2.59 (0.80) 2.54 (0.56) 2.74 (0.66) 2.58 (0.61) 2.64 (0.65) 2.651 b 0.052

COPSOQ h

Social support
from colleagues 2.78 (0.44) 2.78 (0.38) 2.72 (0.44) 2.78 (0.40) 2.75 (0.42) 1.987 a 0.116

Auto-efficacy 2.83 (0.76) 2.39 (0.41) 2.47 (0.50) 2.58 (0.61) 2.53 (0.57) 0.091 a 0.965

Meaning of work 3.14 (0.63) 2.89 (0.36) 2.82 (0.55) 2.83 (0.44) 2.87 (0.51) 3.705 b,d 0.014 *

Job satisfaction 2.59 (0.80) 2.54 (0.56) 2.74 (0.66) 2.58 (0.61) 2.64 (0.65) 1.890 b 0.135

2019 SoWD (n = 94) WaSaD (n = 196) Shift type effect

COPSOQ g
Fixed night
(n = 36)

Fixed early
morning
(n = 58)

Fixed
daytime
(n = 117)

Rotating
(n = 79)

Total
(n = 290)

F or H
statistic p

Cognitive
demands 2.68 (0.67) 2.64 (0.50) 2.86 (0.51) 2.72 (0.57) 2.76 (0.55) 2.789 a,e 0.041 *

Horizontal trust 2.70 (0.32) 2.81 (0.42) 2.77 (0.38) 2.70 (0.36) 2.75 (0.38) 1.381 a 0.249

Offensive
behaviors 1.04 (0.18) 1.01 (0.07) 1.07 (0.26) 1.07 (0.28) 1.06 (0.23) 3.085 b,e 0.030 *

COPSOQ h

Social support
from colleagues 2.46 (0.45) 2.43 (0.37) 2.52 (0.43) 2.47 (0.39) 2.48 (0.41) 0.768 a 0.513

Auto-efficacy 2.89 (0.86) 2.93 (0.70) 2.92 (0.73) 2.88 (0.74) 2.91 (0.74) 0.080 a 0.971

Meaning of work 2.29 (0.65) 2.07 (0.61) 2.32 (0.64) 2.33 (0.64) 2.27 (0.64) 2.320 a 0.076

Job satisfaction 2.32 (0.64) 2.13 (0.58) 2.39 (0.62) 2.46 (0.68) 2.35 (0.64) 3.325 a,f 0.020 *
a ANOVA. b ANOVA with Welch correction. c Tukey multiple comparisons tests showed significant differences
between fixed early morning and fixed daytime shift types (p = 0.041). d Multiple comparisons tests showed
significant differences between fixed night and fixed early morning shift types (p = 0.040 in the Tukey test for
horizontal trust variable and p = 0.021 in the Games–Howell test for meaning of work variable). e Multiple
comparisons tests (Tukey test for cognitive demands variable and Games–Howell test for offensive behaviors
variable) did not identify significant differences. f Tukey multiple comparisons tests showed significant differences
between fixed early morning and rotating shift types (p = 0.015). g COPSOQ scales where the higher value is
unfavorable. h COPSOQ scales where the lower value is unfavorable. * p < 0.05.

3.4. Perception of Health and Sleep Disturbances

The perception of health had poorer results in 2017: workers with fixed night and
early morning shifts presented worse results when compared to those on the day shifts and
rotating shifts. In 2019, the perception of health improved, and the differences between
the shifts were no longer statistically significant. The perception of sleep disturbances was
higher among workers with fixed night and early morning shifts, when compared to those
on the day shifts and rotating shifts, and the differences were statistically significant in both
data collection moments. The perception of fatigue after each shift was higher in 2017, but
statistically significant differences between shift types were found only in 2019 (Table 6).
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Table 6. Mean (SD) for general health, fatigue perception and sleep disturbances variables in 2017
and 2019 by shift type and shift types comparisons.

2017 SoWD (n = 82) WaSaD (n = 212) Shift Type Effect

Fixed Night
(n = 33)

Fixed Early
Morning
(n = 49)

Fixed
Daytime
(n = 126)

Rotating
(n = 86)

Total
(n = 294) F p

General health g 3.24 (0.71) 3.29 (0.65) 2.95 (0.69) 3.07 (0.75) 3.07 (0.71) 3.370 a,b 0.019 *

Sleep disturbances g 3.58 (1.08) 3.09 (1.03) 2.36 (0.93) 2.40 (0.92) 2.63 (1.05) 19.100 a,c <0.001 *

Fatigue perception 6.55 (1.28) 6.82 (1.32) 7.10 (1.28) 7.17 (1.47) 7.01 (1.36) 2.276 a 0.080

2019 SoWD (n = 94) WaSaD (n = 196) Shift type effect

Fixed night
(n = 36)

Fixed early
morning
(n = 58)

Fixed
daytime
(n = 117)

Rotating
(n = 79)

Total
(n = 290) F p

General health g 2.61 (1.23) 2.07 (1.23) 2.38 (1.04) 2.38 (1.09) 2.35 (1.12) 1.602 d 0.193

Sleep disturbances g 3.46 (1.04) 3.03 (1.00) 2.36 (0.92) 2.46 (0.91) 2.66 (1.02) 14.801 d,e <0.001 *

Fatigue perception 3.67 (0.89) 2.97 (1.06) 2.35 (0.92) 2.46 (0.92) 2.67 (1.04) 22.256 d,f <0.001 *
a ANOVA. b Tukey multiple comparisons test showed significant differences between fixed early morning and
fixed daytime shift types (p = 0.027). c Tukey multiple comparisons tests showed significant differences between
fixed night and fixed daytime, fixed night and rotating, fixed early morning and fixed daytime, and fixed early
morning and rotating shift types (p < 0.001 in all comparisons). d ANOVA with Welch correction. e Games–Howell
multiple comparisons tests showed significant differences between fixed night and fixed daytime (p < 0.001),
fixed night and rotating (p < 0.001), fixed early morning and fixed daytime (p < 0.001), and fixed early morning
and rotating shift types (p = 0.005). f Games–Howell multiple comparisons tests showed significant differences
between fixed night and early morning (p = 0.005), fixed night and rotating (p < 0.001), fixed night and fixed
daytime (p < 0.001), fixed early morning and fixed daytime (p = 0.002), and fixed early morning and rotating shift
types (p = 0.020) (There were no significant differences in fatigue perception between the two WaSaD shift types).
g COPSOQ scales where the higher value is unfavorable. * p < 0.05.

3.5. Predictors of Sleep Disturbances

The stepwise linear regression results concerning the dependent variable sleep distur-
bance in each data collection moment allowed us to identify the predictors: shift type, trunk
flexion, work seniority, horizontal trust, social support from colleagues and auto-efficacy
in 2017 (F(9284) = 10.111, p < 0.001; R2 = 0.243 and adjusted R2 = 0.219); shift type and
trunk rotation in 2019 (F(5284) = 11.315, p < 0.001; R2 = 0.166 and adjusted R2 = 0.151). The
multiple linear regression model results are shown in Table 7.

Table 7. Multiple linear regression model results for the dependent variable sleep disturbance in 2017
and 2019.

Predictors in
2017

Unstandardized Coefficients
t p 95% CI for B

B Std Error

Intercept 3.495 0.611 5.724 <0.001 (2.293, 4.697)
Shift type (Fixed
night) a 0.989 0.198 4.994 <0.001 (0.599, 1.379)

Shift type (Fixed
early morning) a 0.616 0.176 3.488 0.001 (0.268, 0.963)

Shift type (Fixed
daytime) a −0.013 0.131 −0.095 0.924 (−0.271, 0.246)

Trunk flexion
(Very Frequent) b 0.423 0.166 2.556 0.011 (0.097, 0.749)

Trunk flexion
(Sometimes) b 0.247 0.149 1.654 0.099 (−0.047, 0.541)

Work seniority −0.015 0.005 −2.732 0.007 (−0.025, −0.004)
Horizontal trust −0.524 0.156 −3.352 0.001 (−0.831, −0.216)
Social support
from colleagues 0.336 0.131 2.557 0.011 (0.077, 0.594)

Auto-efficacy −0.175 0.083 −2.118 0.035 (−0.338, −0.012)
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Table 7. Cont.

Predictors in
2019

Unstandardized Coefficients
t p 95% CI for B

B Std Error

Intercept 2.189 0.167 13.144 <0.001 (1.861, 2.517)
Shift type (Fixed
night) a 0.924 0.192 4.816 <0.001 (0.547, 1.302)

Shift type (Fixed
early morning) a 0.582 0.163 3.564 <0.001 (0.260, 0.903)

Shift type (Fixed
daytime) a −0.082 0.138 −0.591 0.555 (−0.354, 0.190)

Trunk rotation
(Very Frequent) b 0.437 0.176 2.483 0.014 (0.090, 0.783)

Trunk rotation
(Sometimes) b 0.246 0.162 1.520 0.130 (−0.073, 0.565)

a The reference category for the predictor shift time is rotating shift. b The reference category for the predictor
trunk rotation is seldom

4. Discussion

This study showed an ageing trend in the SMAS of the Sintra municipality, similar
to many other sectors in the public administration in Portugal and other European coun-
tries [10,13]. A rising mean age arose in the four types of shifts in the two divisions. The
results forewarn of the challenge of matching the changes that emerge from the ageing
processes to the demands of tasks and shift work in the water, sanitation and waste sector.
Workers on permanent night and early morning shifts showed a mean age of around
48 years in 2017 and 50 in 2019. The difficulties that older workers face when coping with
night shifts or early morning shifts [14] mainly result in decreased performance and subjec-
tive sleepiness [15], although the evidence regarding the increase in shiftwork problems
with age may not be clear [9]. Some studies report that being older might be beneficial for
shift work tolerance [14].

Experience may constitute an advantage for older shift workers, showing better
strategies to manage shiftwork demands [16]. In the present study, both permanent night
and early morning shifts presented workers with lower seniority. These results point to
a perspective of changing trajectories in working life regarding shiftwork: it seems that
there is a drive from night and early morning fixed shifts to daytime and rotating shifts.
The changes in shift patterns align with the benefits that fast forward rotating shifts have
demonstrated concerning improved sleep, better health, and social benefits [17]. In this
sector it has been hard to recruit new workers for night and early morning shifts, and, some
years later, part of them require a change to a daytime shift. This tendency may not be
clearly identified in a two-year period, making longitudinal studies essential.

The perception of work demands was also different among the types of shifts: those
from SoWD perform night and early morning shifts and perceive work as mainly physical;
those from WaSaD perform fixed daytime or rotating shifts and perceive work as both
mental and physical. It appears that, in daytime shifts, more interaction with colleagues
or the public leads to higher mental demands. Additionally, during the daytime, shift
supervisors with a higher number of teams to coordinate allocate more responsibilities to
workers. These aspects have emerged through cognitive demands perceived with higher
values in daytime shifts. Regarding postural demands, having the upper limbs above
the shoulders and a flexed trunk showed statistically significant differences between shift
types, with the highest frequency in the night shift. This profile appeared in the two data
collection moments, indicating higher postural demands among those working the night
shift. Some physically demanding tasks are performed during the night shift, such as
collecting discharged equipment in urban areas. These tasks are physically demanding
and determine the adoption of awkward postures and manual handling. Higher job
demands, namely, intense physical work and tiring postures, are related to the onset of
sleep disturbances and impairments [18–20].
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Adverse environmental conditions, such as exposure to noise, vibrations and heat
stress, have been found to increase the risk of sleep disturbances [5,21,22]. Noise exposure
has adverse effects on the quantity and quality of sleep [21,22], but cumulative exposure to
vibrations may cause a synergistic effect increasing sleep disruptions [21]. In our study, the
perception of high levels of discomfort regarding the exposure to vibrations and noise was
higher in the group working on the early morning shift, followed by those on the night
shift. Regarding heat stress, exposure to this environmental risk factor may increase the risk
of sleep disturbances [5]. Environmental risk factors may contribute to a higher probability
of increased sleep disturbances in the groups working during the night and early morning
shifts, but these variables did not appear as predictors in the regression model.

Psychosocial factors are related to the quality and quantity of sleep, and several
studies show associations of job control, social support and meaning of work with quality
or quantity of sleep, although some findings might be inconsistent [4,23,24]. The cognitive
demands are mainly related to memory requests, the need for problem solving and giving
new ideas during work activity [24]. In both data collection moments, these seemed to be
more relevant during fixed daytime shifts. When these demands are too high, the negative
impact on stress perception contributes to a disrupted sleep [4,23,24]. The meaning of work
showed differences between those on permanent night and early morning shifts, with the
best values were seen among the night shift group, in 2017. These differences did not
appear in 2019. A meaningful working life is a relevant variable positively influencing
sleep quality [23]. Regarding horizontal trust in 2017, worse results were perceived by
those on the night shift. These workers do not meet other groups from other departments
because they work permanently from 24:00 till 8:00. This might influence their perception
of trust or support from other departments or divisions. Social support contributes to a
reduction in sleep troubles [23], playing a relevant role in the management of the impact
of shift work. Social support may act as a buffer to high work demands or low degree of
control, protecting against the effects of night shift work [4]. In 2019, job satisfaction showed
negative results within the group working the early morning shift. Different activity sectors
showed an association between job satisfaction and sleep quality, which was more evident
in daytime shifts [25]. Actually, the relationship between job satisfaction and sleep quality
may depend on the shift, considering that workers on night and early morning shifts are
more used to poor sleep quality [25]. Among dissatisfied workers, an increase in stress
levels may negatively influence health and sleep [26]. From 2017 to 2019, SMAS faced
organizational changes with a strategy that emphasized the acquisition of new pieces of
equipment for daytime shifts, which may have impacted the overall perception of rewards
and recognition in some areas. This may explain the rising dissatisfaction among those on
the early morning shift, but the interpretation must be cautious because satisfaction is a
multifactorial construct.

It is well established that environmental exposures and physical and psychosocial work
factors influence the quality and quantity of sleep. In the present study, sleep disturbances
were perceived more negatively by those working permanent night and early morning
shifts. The main differences were identified between those two types of shifts and the
rotating and fixed daytime shifts, meaning that different types and fixed shifts have a
distinct impact on sleep disturbances. These findings are in agreement with the literature
stressing that night shifts are more problematic in relation to sleep disturbances [2,3,8].
Contrastingly, some studies focusing on permanent night shifts point to an improvement
in individual adaptability [26]. This may be the case for some workers on night shifts,
considering the average ages and the higher seniority (>15 years) of these workers (24%).

In modern societies, sleep problems are common in occupational groups, with nega-
tive consequences for health [27]. No sleep disturbances between 50 and 70 years of age
is associated with a long, healthy life [27]. So, identifying the main predictors of sleep
disturbances is relevant to defining specific measures that prevent negative effects on the
health and well-being of these workers. It is also relevant to identify the profiles of sus-
ceptible workers that will benefit from support strategies offered by the organization. Our
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regression models reveal that, in 2017 and 2019, shift type was one of the main predictors
of sleep disturbances: working in permanent night or early morning shifts was the main
determinant of sleep disturbances, which is in accordance with the literature [2,28–30].
The presence of high physical demands, such as the adoption of awkward postures, was
a predictor of sleep disturbances. Some authors related intense physical work and tiring
postures with the inception of sleep disturbances [6,18]. In 2017, work seniority, horizontal
trust and auto-efficacy were protective factors contributing to decreasing sleep disturbances.
The role of work seniority can be understood from two perspectives: regarding the possible
ability of some of these workers to adapt to permanent night shifts [14]; considering the
possible pathways in working trajectories from permanent night shifts to day shifts or
rotating ones. Horizontal trust, meaning that these workers trust co-workers, studied
from the perspective of commitment, has a positive impact on retaining workers in orga-
nizations [30]. In our model, horizontal trust is related to lower sleep disturbances. This
positive effect can emerge from increased group cohesion resulting from better trust [30]
and social support, which prevents sleep troubles [23]. Auto-efficacy also appeared as a
protective factor. It is related to the belief in the ability to perform actions required in certain
situations, and is a key factor in engagement in effortful tasks [31]. Although there is no
consensus regarding the influence of auto-efficacy and personality-related variables on shift
work tolerance [14], some studies showed a positive relationship between internal locus of
control and shiftwork tolerance [32]. In 2019, these protective factors did not appear in the
model, while the participants were the same. Organizational changes that occurred in the
period between the two data collection moments may have influenced the perception of
workers of horizontal trust and social support from colleagues.

Some limitations of this study are related to the different tasks performed in the
two divisions, involving different levels of physical or mental demands, possibly acting as
confounders concerning shiftwork effects, and making comparisons more difficult. Another
limitation results from the self-reported questionnaires and the possibility of recall bias.
Recall bias is very plausible in the variable of seniority and others. Furthermore, a self-
selection process is typical in shift work, and is likely to result in a healthy worker effect [14].
Finally, the proportion of the total variance of sleep disturbance explained by the multiple
linear regression models was low in both data collection moments, which indicates that the
variables considered in the study did not explain a substantial part of the total variance of
the sleep disturbance.

5. Conclusions

The study was centered on workers from the water, sanitation and waste sector, an
active sector essential to urban life. As these workers are less focused on research, the
results are valuable to establishing prevention measures and enabling future research.

It was possible to identify different profiles based on the types of shifts: an ageing
population in all shift types; possible occupational trajectories changing from permanent
night and early morning shifts to daytime and fast rotating shifts; differences between
permanent night and early morning shifts when compared with daytime and fast rotating
ones. Workers on fixed night and early morning shifts perceived higher postural demands
and environmental discomfort, and lower social support or job dissatisfaction. Workers in
daytime or fast rotating shifts perceived higher cognitive demands.

Among those working on permanent night and early morning shifts, the perception of
sleep disturbances was more negative. The main predictors were the types of shifts and the
intense physical demands in 2017 and 2019. Protective factors were identified in the model
only in 2017, and included horizontal trust and auto-efficacy.

These results should guide the organization through the definition of a prevention
plan to minimize the negative effects of exposure to shift work, namely, to permanent night
and early morning shifts. Although there are no optimal solutions for night work, the
prevention measures should consider a participatory model that includes the family and
social preferences of shift workers, demographic changes in the workforce, and workers’
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health, safety and performance indicators. The identification of work determinants related
to the inception of sleep disorders underlines the relevance of management strategies for
environmental, physical and psychosocial risk factors for sleep disorder prevention.
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