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Abstract

Background: Assessing physical workload is the most important step in deciding whether a workload is high and
adopting appropriate control strategies to reduce physical workload. This study aimed to compare physical workload
and Physical Work Capacity (PWC) among municipality cleaners in Shiraz to determine the number of workers needed
to counterbalance physical workload.

Methods: The present cross-sectional study was performed on 97 municipality cleaners in Shiraz. In the first step, the
participants’ maximum aerobic capacity (VO,-max) was estimated in the laboratory using an ergometer bicycle and
the Young Men's Christian Association (YMCA) protocol, based on which the PWC was estimated. Secondly, energy
expenditure and heart rate during work were measured using a POLAR400 device in an eight-hour shift. At the end of
the work shift, the workers' perceived physical exertion was assessed using a Rating of Perceived Exertion 6-20 (RPE
6-20) Borg scale. In the final stage, the physical workload was assessed based on the results of the two steps.

Results: The mean VO,-max of the cleaners and PWC were estimated to be 2.6+0.66 | min~' and

4341.088 kcal min~', respectively. The average energy consumed during work was 4.1224-1.016 kcal min~'. The
overall results of this study showed that physical workload was greater than PWC in 46% of the municipality cleaners.
In addition, it was found that 12.45% workforce was required to be added to the street cleaners of Shiraz municipality
to reduce the physiological workload on the employed workforce.

Conclusions: With respect to the high level of physical activity in a significant proportion of the cleaners, measures
such as increasing the workforce are suggested.
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Background

Street cleaners have an important responsibility for elim-

inating harmful waste and protecting public health and
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The hazards result from physical, chemical, and biologi-
cal exposures but may also be due to physiological and
psychological burdens or inadequate safety aspects. The
most commonly reported work-related complaints are
musculoskeletal and respiratory disorders, cuts, slips,
and road traffic accidents. In developing countries, street
cleaners seem to be still heavily exposed to dust, and in
most cases, no suitable protective measures are avail-
able [9, 10]. The cleanliness job consists of various tasks,
including sweeping while standing for a long time, bend-
ing to collect waste, pulling and pushing waste collec-
tion containers, and manually carrying objects (usually
waste or waste collection containers). Due to work diffi-
culty and walking over long distances, the physical work-
load is one of the most important ergonomic risk factors
amongst cleaners. Therefore, the job of cleaners is often
considered to be difficult and excruciating [4, 11-13].

If the physical workload exceeds one’s capacity to
perform it, there are various complications and con-
sequences, including musculoskeletal disorders and
impaired cardiovascular function. In addition, over-
load causes excessive fatigue and burnout, decreased
efficiency and job satisfaction, increased workplace
complaints, increased absenteeism, reduced cognitive
performance, and increased likelihood of human errors
or accidents [14—16]. Therefore, to maintain the health
of workers and prevent premature burnout of the work-
force and other consequences of increased workload, it
is necessary to maintain a reasonable balance between
the energy required to perform the work (physical work
demand) and the Physical Work Capacity (PWC) of the
worker [14, 17]. PWC represents the highest amount of
energy a person can consume during an eight-hour work
shift without damaging one’s health [18, 19]. Bonjer pro-
posed 33% of the maximum aerobic capacity (VO,-max)
as an acceptable threshold for energy consumption,
which is still accepted by work physiology researchers
today [18, 19]. Hence, to assess physical workload, one
must first determine the individual’s PWC and compare
it to the energy consumed during the work to assess one’s
physical workload [19]. The physical workload is the
measurable portion of physical resources expended when
performing a given task (manual lifting and carrying,
repetitive work, and other physical strain). It is affected
by various factors, including the nature of work, training,
motivation, and environmental factors [20].

In recent decades, there has been a great deal of
research on PWC and the workload of industrial work-
ers and public service workers in different societies [14,
21-29]. A review of past studies has shown that despite
the importance of assessing physical workload, an issue
of such importance has not yet been addressed in Ira-
nian cleaners. Indeed, the studies carried out abroad on
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assessing the physical workload of municipality workers
have focused on waste collection workers or domestic
cleaning workers [12, 24, 30-33]. As a result, studies on
assessing the physical workload of the cleaner population
are scarce [11, 13]. The present study was undertaken
among municipality cleaners in Shiraz with the following
objectives:

+ Determining the VO,-max and PWC

o Assessing the physical workload by determining
energy expenditure, heart rate, and Rating of Per-
ceived Exertion 6-20 (RPE 6-20) Borg scale during
work

+ Determining the association between “PWC’, and
“energy expenditure during work” with demographic/
occupational variables

+ Comparison of “energy expenditure during work”
and “PWC’, and determining the number of munici-
pality cleaners needed to reduce the physical work-
load

Methods
This cross-sectional study was carried out on 97 male
municipality cleaners in Shiraz. The samples were
selected from ten districts of Shiraz municipality using
random cluster sampling. To do so, the number of sam-
ples in different areas was first determined based on the
number of cleaners working in that area, and then, the
samples in each area were randomly selected. The inclu-
sion criteria were signing the informed consent to par-
ticipate in the study, having at least one year of work
experience, and not having a history of respiratory and
cardiovascular diseases.

This study was conducted in three phases as follows:

Phase 1: The workers’ VO,-max was estimated during
the first phase. At this phase, before the experiment, a
written consent form and a demographic questionnaire
were provided to the individuals. After explaining how to
complete the questionnaire and the researchers’ ethical
obligations to the cleaners, they were asked to participate
in the study. The questionnaire consisted of two parts.
The first part was completed through face-to-face inter-
views, and the second part by measuring the required
parameters by the researcher. The first part of the ques-
tionnaire encompassed variables, such as age, work expe-
rience, marital status, education level, shift work, specific
illnesses, smoking status, exercise, working hours during
a shift, fatigue at work, and taking medicines. The sec-
ond part of the questionnaire included anthropometric
and physiological measurements. A stadiometer (made in
Iran) and a scale (Beurer, made in Germany) were used to
measure height and weight, respectively.



Bagherifard et al. BMC Sports Science, Medicine and Rehabilitation

In this phase (phase 1), the VO,-max of the individuals
was assessed by the MONARK (Ergomedic 839 E, made
in Sweden) ergometer bicycle in accordance with the
Young Men’s Christian Association (YMCA) protocol
[34] at the ergonomics laboratory of School of Health,
Shiraz University of Medical Sciences, southwest of Iran.

In this method (YMCA), settings for each person,
including first name, last name, gender, and height and
weight values were first entered into the software. Then,
the heart rate monitor was placed on the participants’
chests. The ‘pedal cadence’ and ‘workload’ adjustments
were made for each individual in the next step. For this
purpose, a pedal cadence of 50 revolutions per minute
(rpm) was considered. The YMCA is a popular proto-
col with a multistage format (each stage lasts for three
minutes). Thus, the total test may last from 6 to 12 min.
The first workload (first stage) is 150 kp m min~" for eve-
ryone. In later stages, the workload increases based on
the heart rate of the previous stage. After completing
the test, the individuals’ VO,-max was calculated using
the ergocycle software [34]. It should be noted that heart
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increased heart rate, increased respiration or breathing
rate, increased sweating, and muscle fatigue. The unu-
sual scaling, ranging not from 0 to 20 but from 6 to 20,
is related to the high correlation between the scale and
heart rate. Thus, a Borg RPE scale of 6 corresponds to a
heart rate of 60 beats per minute (bpm) [37]. The vali-
dation of the Persian version of the RPE 6-20 has been
examined by Daneshmandi et al. (r=0.847) [38].

Phase 3: In the final phase, each participant’s PWC
was compared to energy expenditure at work. Then, the
participants were divided into two groups as follows:

(a) People whose energy expenditure while doing the
work was lower than their PWC (did not experi-
ence physiological fatigue)

(b) People whose energy expenditure while working
was higher than their PWC (experienced physiolog-
ical fatigue).

The findings of this section revealed the shortage of
workforce for carrying out the job. The number of work-
ers needed to reduce the physical workload was calcu-
lated via Eq. 1.

Number of workers required

_>_ (EE — PWC) for workers whose energy expenditure was higher than their PWC ina shift (480 min) @)

Average PWC for workers whose energy expenditure was higher than their PWC in a shift (480 min)

rate was measured using the chest belt Polar T34 [34].
After estimating VO,-max, the PWC was calculated.

EE =Energy expenditure (kcal min~'), PWC = Physical
Work Capacity (kcal min™?).

Afterward, the percentage of cleaners required to be
added to each municipality zone was calculated via Eq. 2.

Percentage of cleaners required to be added

_ Number of cleaners who should be added to each municipality zone based on the sample size

(2)

Number of participants selected from each municipality zone

Since about five kcal of energy is released per liter of
oxygen consumed, the measured VO,-max was initially
multiplied by five and 33% of it was considered as PWC
(kcal min™!) [19].

Phase 2: In the second phase of the study, the physical
workload of the cleaners was measured while working
in the field. To this end, energy expenditure and heart
rate were measured in an eight-hour work shift using
the Polar S400 heart rate monitor (made in Finland) [35,
36]. At the end of the work shift, the perceived physical
exertion of the workers was assessed using a RPE 6-20
Borg scale [37]. RPE 6-20 is a tool for measuring an
individual’s effort and exertion during physical work. In
its simplest terms, it provides a measure of how hard
it feels that the body is working based on the physi-
cal sensations that the subject experiences, including

Statistical analysis

The Statistical Package for Social Sciences 16 (SPSS Inc.,
Chicago, IL, USA) was used to analyze the data. At first, Kol-
mogorov—Smirnov and Shapiro—Wilk tests were used to test
the normality of the data. Since data had no normal distribu-
tion, non-parametric statistical analysis was used. Descrip-
tive statistics (frequency, percentage, and mean = standard
deviation), Spearman’s correlation coefficient, Linear regres-
sion, and Mann—Whitney U test were used to analyze the
data. P<0.05 was considered statistically significant.

Ethical considerations

This study was approved by the local Ethics Committee
of Shiraz University of Medical Sciences (Approval ID:
IR.SUMS.REC.1397.997).
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Table 1 Demographic and occupational details of the study population (n=97)
Quantitative variable Mean + standard deviation Minimum Maximum
Age (years) 38.16£7.65 25 65
Work experience (years) 0994582 1 29
Exercise hours per week 0.99+3 0 22
Height (cm) 17290+ 6.5 160 197
Weight (kg) 721841268 47 107
BMI (kg m™2) 2409+374 16.9 34.16
Qualitative variable Number %
Marital status
Single 2 2.1
Married 95 979
Education level
Elementary school or lower 29 299
Middle school 41 423
High school and diploma 26 268
Higher education 1 0.1
Smoking
Yes 25 25.77
No 72 74.23
BMI, Body Mass Index
Table 2 Physiological parameters measured in the studied workers (n=97)
Variables in the laboratory Mean =+ Standard
deviation
VO,-max (I min™") 2604066
PWC (kcal min™) 430£1.09
Variables in the field Mean + Standard
deviation
Energy expenditure during work (kcal min~") 4.1241.02
Heart rate during work (bpm) 96.134+£18.09
RPE 6-20 Borg scale 16.60+1.94

PWC, Physical Work Capacity; RPE, Rating of Perceived Exertion

Results
The demographic and occupational details of the study
population have been presented in Table 1.

The results of the descriptive data regarding VO,-max,
PWC, energy expenditure, heart rate during work, and
RPE 6-20 Borg scale have been presented in Table 2.

First, the relationship between “PWC’, and “energy
expenditure during work” with demographic/occupa-
tional variables (presented in Table 1) were investigated.

Based on the statistical analysis, there is no statistically
significant difference between the “PWC” and “energy
expenditure during work” (P=0.226).

The Spearman’s correlation coefficient and Mann—
Whitney U test showed that among the demographic/
occupational variables, there is only a statistically sig-
nificant relationship between “BMI” and the “PWC”
(r=0.22, P=0.045). The correlation between BMI and
PWC is reflected in Eq. 3.

PWC = (0.057 x BMI) + 2.92 3)

PWC=Physical Work Capacity
BMI =Body Mass Index (kg m~2).

The above statistical tests showed that there is no
statistically significant relationship between “energy

(kcal min™Y),
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Table 3 Number of workers needed to counterbalance physical workload for each municipality zone (n=97)

Municipality Total number of Number of the PWC Energy Number of Number Percentage of
zone workers in each participantin each (kcalmin~") expenditure participants with of workers required workers ¢
zone zone? (kcal min™") energy expenditure needed b
higher than PWC
M SD M SD

1 200 11 404 084 367 180 4 1.55 14.09
2 194 11 539 154 404 076 2 0.63 5.73
3 148 8 396 067 406 030 5 0.87 10.88
4 197 11 441 106 449 108 6 238 21.64
5 148 9 37 055 385 108 5 1.16 12.89
6 110 7 4.2 033 5 1.05 5 1.63 23.29
7 185 12 392 097 39 061 6 1.12 9.33
8 130 8 437 096 508 098 6 1.56 19.50
9 11 6 490 177 367 180 2 0.29 4.83
10 134 8 445 078 384 030 1 0.26 3.25
11 97 6 379 092 372 0184 3 0.62 10.33
Total 1654 97 43 1.09 412 101 45 12.08 1245
c=(b+a)x 100
PWC, Physical Work Capacity

Percentage of workers with

energy expenditure higher
than their PWC
Physical Work Capacity (PWC)
54%
Percentage of workers with
energy expenditure lower =
than their PWC
100%

Real condition
Fig. 1 Percentage of workers with energy expenditure higher/lower than their PWC in “real condition”and “condition with added 12.45% workforce”

With added 12.45% workforce

expenditure during work” with demographic/occupa-
tional variables (P> 0.05).

The comparison of PWC to energy expenditure
showed that 46% of the cleaners (n=45) exceeded
their PWC. Then, we calculated “the number of work-
ers needed to reduce the physical workload” and “the
percentage of cleaners required to be added to each
municipality zone” via Egs. 1 and 2, respectively.

The number of workers needed to reduce the physi-
cal workload for each municipality zone has been pre-
sented in Table 3. Accordingly, 12.45% workforce was
required to be added to all street cleaners of Shiraz
municipality to reduce the physiological workload on
the employed workforce.

Figure 1 depicts the percentage of workers with
energy expenditure higher/lower than their PWC in
two conditions, including “real condition” and “with
added 12.45% workforce”

Discussion

The findings of the current study among Shiraz munici-
pality cleaners showed that the mean=standard devia-
tion of VO,-max (I min~'), PWC (kcal min~?'), energy
expenditure during work (kcal min™'), heart rate dur-
ing work (bpm), RPE 6-20 Borg scale were 2.60+0.66,
4.30+1.09, 4.12+£1.02, 96.13+18.09, and 16.60+1.94,
respectively.
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Up to now, no studies have been carried out on aero-
bic capacity and PWC of the municipality cleaners in
Iran. Therefore, the findings of the current study were
compared to those of other studies conducted on other
occupations.

The mean VO,-max in the present study was close to
the values obtained in the research conducted by Tux-
worth and Shahnavaz [39] on the Iranian working com-
munity to introduce a method for estimating VO,-max
(2.65 1 min™!), the study performed by Choobineh et al.
[40] on male workers in the industrial sector of Sepi-
dan (2.6640.35 1 min~?!), and the study conducted by
Daneshmandi et al. [18] on male workers in the industrial
sector of Shiraz (2.69+0.26 | min~'). However, the esti-
mated mean VO,-max was significantly lower compared
to the values found in the study conducted by Hossein-
abadi et al. [17] on workers in the Galvanized section
of Semnan Pipe Roll Company (2.8840.33 1 min™?),
the study performed by Vossoughi [41] on Iranian
male students within the age range of 20-25 years
(3.03 1 min™!), the research carried out by Firoozeh
et al. [42] on firefighters in Tehran (3.040.316 1 min™?),
the study conducted by Khazraee et al. [43] on firefight-
ers in Shiraz (2.7940.29 1 min™'), and the study per-
formed by Farhadi et al. [44] on firefighters in Hamadan
(3.65+0.56 1 min~!). Two recent studies have noted
that this difference is natural because fitness and high
aerobic capacity are important characteristics for select-
ing firefighters. Therefore, the average aerobic capac-
ity of this group of workers is expected to be higher
than that of other occupations. In contrast, the mean
VO,-max of the present study was higher compared to
the results of the study performed by Afshari [45] where
the mean VO,-max of the students was estimated to be
2.1940.56 | min~'. Given that half of the study popula-
tion were female, this discrepancy seems reasonable.

With respect to the close proximity of the results of Ira-
nian studies on populations selected from approximately
one geographical area [18, 39, 40] and the difference
between the present study results and those of the studies
conducted in other areas [17, 42, 44] regarding the aver-
age aerobic capacity, the difference might be attributed
to the body size in different regions. Another reason for
this discrepancy might be using different protocols and
equipment in the studies. Some studies used the step
test according to the Tuxworth-Shahnavaz protocol [39,
40, 42], while some used the Astrand protocols [18, 45].
However, no studies conducted in Iran have used the
YMCA protocol used in the present study.

Kuijer et al. [33] performed a study on eight munici-
pality cleaners in the Netherlands and reported that
their mean VO,-max was 3.740.56 1 min~!, which is
significantly higher than the present study. This could
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be justified by the diversity of the studied populations.
Comparison of the findings of Iranian studies to those of
European and American countries also showed that the
aerobic capacity of the Iranian society was significantly
lower in comparison to western societies [17, 18, 45].
However, Preisser et al. [13] indicated that the value of
VO,-max was 2.46 1 min~" for three municipality cleaner
groups consisting of two waste collection workers and
one group of cleaners. Among the three studied groups,
VO,-max for cleaners (including five male workers and
two female workers) was lower than the two other groups
(equal to 2.11 1 min™?). On the contrary to our expecta-
tion, this value was less than that obtained in the present
study, which might be associated with the low sample
size and different genders of the study participants.

Another objective of the present study was to esti-
mate the amount of energy consumed while working
among municipality cleaners in Shiraz. The energy con-
sumed by the cleaners during work was estimated to be
4.1241.01 kcal min~'. Although several studies have
been performed on the aerobic capacity of domestic
workers [17, 18, 40], no studies have yet been conducted
to estimate energy consumption and heart rate during
work [11, 13, 32, 46—48]. In a survey conducted by Anjos
et al. [49] on Brazilian solid waste collection workers, the
average energy consumed during work was estimated to
be 5.4+ 1.4 kcal min~!, which is higher than the results
of the present investigation.

Heart rate measurement during work was another
objective of the present research. The findings showed
that the mean heart rate of the cleaners during work was
96.13£18.1 bpm. Thus, considering the work severity,
the job of cleaners falls into the middle class [49]. These
values were consistent with the heart rates measured in
several studies on Dutch solid waste collection workers
(heart rates varying between 96 and 99 bpm) [12, 30, 31,
33, 47]. However, they were lower in comparison to the
findings of the study conducted by Preisser et al. [13] on
Hamburg municipal workers (109.2+12.5 bpm) as well
as those of the study performed by Anjos et al. [49] on
Brazilian solid waste workers (104 +11.7 bpm).

Determining the level of perceived physical exertion
using Borg’s RPE 6—20 scale was another objective of the
current study. The findings showed that the mean level of
physical exertion perceived by the cleaners at work was
16.26 +1.94. Therefore, according to Borg’s RPE 6-20
scale, perceived physical exertion was in the hard to
very hard range [37]. Despite the ease of use and valida-
tion of Borg scale in many countries, due to its subjective
nature and the existence of valid physiological indicators,
the use of this scale is more limited to laboratory stud-
ies, and it is less commonly used in industrial environ-
ments. Therefore, this index has been utilized in a few
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similar studies to assess workload. Indeed, it has only
been used with a physiological index in some studies.
In a survey carried out by Segaard et al. [48] on clean-
ers in Denmark, the average level of perceived physical
exertion was 13 (somewhat difficult) [37], which is lower
compared to the calculated value in the present investiga-
tion. This difference seems to be related to low physical
fitness and work conditions and equipment. As men-
tioned above, the PWC in Iranian society is lower than
in Western societies. On the other hand, by interview-
ing municipality cleaners and also observing the working
conditions and equipment, the high physical workload
can be attributed to the working conditions (the area
that each workforce must clean, the type of surface to be
cleaned, the unevenness of the ground, climate, etc.) and
non-compliance with ergonomic principles in the design
of work equipment.

The present study findings showed no statistically
significant relationship between “PWC” and “energy
expenditure during work” It means that there is no bal-
ance between the physical workload and PWC among
municipal cleaners, which can lead to their physiological
fatigue.

The latter is further supported by the fact that a statisti-
cally significant interaction was found between PWC and
BMI (P=0.045). It could be concluded that the PWC is
exceeded due to a lower level of municipality cleaner’s
physical fitness.

There was no statistically significant relationship
between “energy expenditure during work” with demo-
graphic/occupational variables. These findings are not in
accordance with Daneshmandi et al. [18], Khazraee et al.
[43], and Afshari et al. [45]. The differences between the
findings of this study and previous studies can be attrib-
uted to the differences in demographic/occupational
characteristics of the municipal workers, their lower level
of physical fitness, differences in tools and methods for
assessing energy expenditure, and different nature of
work, and different working conditions.

The ultimate goal of the present study was to evalu-
ate the physical workload of the municipality cleaners
by comparing their energy consumption during work
to their PWC. The results demonstrated that the physi-
cal workloads of 46% of the cleaners were more than
their PWCs. In most studies on municipal workers and
cleaning workers in different communities, the physi-
cal workload was reported to be excessive. For instance,
Segaard et al. surveyed a group of cleaners in Denmark
and reported that the physical workload of most partici-
pants exceeded the permissible limit [48]. Kemper et al.
[31] also performed a study on 23 solid waste workers in
the Netherlands and indicated that the physical work-
load of 39% of the solid waste workers was well above the
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permitted limit. Several separate studies conducted by
Kuijer et al. on waste collection workers in the Nether-
lands have also shown excessive workloads for this group
of workers. In these studies, job rotation was suggested
to reduce physical workload. In other words, the work-
ers’ physical workload was decreased significantly after
shift rotation [33]. In another study on waste collection
workers in Rio de Janeiro, Brazil, Anjos et al. catego-
rized waste collection as an excessively heavy job [49].
It is worth noting that due to the difference between the
nature of waste collection and cleaning, these differences
seem reasonable.

Comparing the final results of this study to those of two
studies carried out in Germany [11, 13] shows that the
physical workload was lower in the present study. In a sur-
vey conducted by Preisser et al. on 65 municipality cleaners
in three separate groups consisting of two separate waste
collection workers and one group of Hamburg city cleaners
in Germany, the mean oxygen uptake was estimated to be
over 30% VO,-max in all participants [11, 13]. In the same
vein, Frohlich et al. performed a study on cleaners in Hano-
ver, Germany, and concluded that the physical workload of
the staff exceeded the permitted level [11].

Based on the present study findings, 12.45% workforce
was required to be added to all street cleaners of Shiraz
municipality to reduce the physiological workload on the
employed workforce. Additionally, given that the physi-
cal workload of nearly half of the workers exceeded the
permissible limit, solutions such as adjusting the work-
rest schedule or using automated equipment to clean the
street surface are recommended to reduce the physical
workload of this group of workers. Turning shifts among
different groups of municipality workers is yet another
solution that, if well designed and implemented, can
reduce the physical workload of the cleaners.

Limitations of the study

One limitation of the present study was that the VO,-max
was calculated using the ergocycle software. There was
no inclusion of respiratory parameters like oxygen con-
sumption and carbon dioxide production. This means
that the test result is influenced by the variability in the
maximum heart rate (MHR) of the individuals. The pre-
sent study was conducted on municipality cleaners in
Shiraz. Thus, the results cannot be generalized to other
communities. Indeed, the present study followed a cross-
sectional design, and, consequently, the results can be
used only for the study time period.

Conclusions

In conclusion, due to the nature of their work, cleaners
are exposed to many occupational hazards and stressors,
a significant part of which is attributed to their physical
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workload. According to the present study results, this
task was beyond the PWC for almost half (46%) of the
cleaners. Therefore, it is necessary to take control meas-
ures to prevent physical exhaustion and injuries among
cleaners.

Abbreviations
YMCA: Young Men's Christian Association; PWC: Physical Work Capacity; RPE:
Rating of Perceived Exertion; EE: Energy Expenditure; BMI: Body Mass Index.

Acknowledgements

This article was extracted from the thesis written by Farnaz Bagherifard, MSc
student of Occupational Health Engineering. Hereby, the authors wish to
thank the workers who participated in the study. They are also grateful for Ms.
A. Keivanshekouh at the Research Improvement Center of Shiraz University of
Medical Sciences for improving the use of English in the manuscript.

Author contributions

FB was involved in the study design, data collection, drafting of the manu-
script. HD, MZ, HG, and AC were involved in the study design, analysis, and
interpretation of the data, drafting of the manuscript. RK and OJ were involved
in the study design, data collection, drafting of the manuscript. All authors
read and approved the final manuscript.

Funding
This paper was financially supported by Shiraz University of Medical Sciences
(Grant No. 97-01-04-17279).

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the local Ethics Committee of Shiraz University of
Medical Sciences (Approval ID: IRSUMS.REC.1397.997) and conducted accord-
ing to the Helsinki Declaration and its later amendments. Informed consent
was obtained from all patients who participated in this study.

Consent for publication
'Not applicable’for that section.

Competing interests
The authors declare no competing interests.

Author details

'Department of Occupational Health Engineering, School of Health, Shiraz
University of Medical Sciences, Shiraz, Iran. 2Research Center for Health
Sciences, Institute of Health, Shiraz University of Medical Sciences, PO Box:
71645-111, Shiraz, Iran. >School of Health and Nutrition, Bushehr University

of Medical Sciences, Bushehr, Iran. “Department of Epidemiology, School

of Health, Shiraz University of Medical Sciences, Shiraz, Iran. Health and Safety
Executive Unit, Shiraz Waste Management Organization, Shiraz, Iran.

Received: 1 August 2021 Accepted: 3 May 2022
Published online: 07 May 2022

References

1. Neghab M, Khodaparast-Kazerouni F, Hassanzadeh J. Evaluation of
pulmonary function of a group of workers in the municipality of Fars
province. Occup Med. 2012;4(1):47-57.

2. Ewis AA, Rahma MA, Mohamed ES, Hifnawy T, Arafa A. Occupational
health-related morbidities among street sweepers and waste collectors
at Beni-Suef, Egypt. Egypt J Occup Med. 2013;37(1):79-94.

(2022) 14:85

20.

21.

22.

23.

24.

25.

26.

Page 8 of 9

An H, Englehardt J, Fleming L, Bean J. Occupational health and safety
amongst municipal solid waste workers in Florida. Waste Manag Res.
1999;17(5):369-77.

Brun E. The occupational safety and health of cleaning workers. Luxem-
bourg: European Agency for Safety and Health at Work (EU-OSHA); 2009.
Kanjanar P, Wattasit S. Prevalence rate and risk factors associated with
health hazards to select the magnitude of health problems among street
sweepers in Chiang Rai province. J Health Res. 2015;9(7):15-8.
Moshashaei P, Nazari J, Alizadeh SS. Surveying health and safety condi-
tions of street sweepers in Tabriz city, Iran (case study). J Health Saf Work.
2017;7(3):203-18.

Pintakham K, Siriwong W. Effectiveness of the multidimensional ergo-
nomic intervention model to reduce musculoskeletal discomfort among
street sweepers in Chiang Rai Province, Thailand. Risk Manag Healthc
Policy. 2016,9:275-83.

Priyanka VP, Kamble R. Occupational health hazards in street sweepers of
Chandrapur city, central India. Int J Environ. 2017;6(2):9-18.

Van Kampen V, Hoffmeyer F, Seifert C, Briining T, Binger J, Health E. Occu-
pational health hazards of street cleaners-a literature review considering
prevention practices at the workplace. Int J Occup Med Environ Health.
2020;33(6):701-32.

Ziaei M, Choobineh A, Abdoli-Eramaki M, Ghaem H, Jaberi O. Psychologi-
cal and physical job demands, decision latitude, and work-related social
support among Iranian waste collectors. Waste Manag. 2019;95:377-87.

. Frohlich M, Kroidl R, Welte T. Oxygen consumption (V'O2) and physical

strainas measured by the occupational activity of cleaning personnel. J
Occup Med Toxicol. 2018;13(1):4.

Kuijer PPF, Visser B, Kemper HC. Job rotation as a factor in reducing
physical workload at a refuse collecting department. Ergonomics.
1999;42(9):1167-78.

Preisser AM, Zhou L, Garrido MV, Harth V. Measured by the oxygen uptake
in the field, the work of refuse collectors is particularly hard work: Are the
limit values for physical endurance workload too low? Int Arch Occup
Environ Health. 2016;89(2):211-20.

Bos J, Mol E, Visser B, Frings-Dresen MH. The physical demands upon
(Dutch) fire-fighters in relation to the maximum acceptable energetic
workload. Ergonomics. 2004;47(4):446-60.

Kivimaki M, Lusa S. Stress and cognitive performance of fire fighters dur-
ing smoke-diving. Stress Med. 1994;10(1):63-8.

Wu HC, Wang MJJ. Relationship between maximum acceptable work
time and physical workload. Ergonomics. 2002;45(4):280-9.

Hosseinabadi S, Hamidi BP, Ebrahimi H, Barkhordari A, Raie BT. Estimation
of aerobic capacity (VO,-max) and physical work capacity in laborers.
Knowledge and Health. 2013;8(3):131-7.

Daneshmandi H, Rajaee Fard AR, Choobineh A. Estimation of aerobic
capacity and determination of its associated factors among male workers
of industrial sector of Iran. Int J Occup Saf Ergon. 2013;19(4):667-73.
Moudi M, Choobineh A. Ergonomics in practice. Tehran: Nashr-e-Markaz
Publication; 2003.

Kinoshita H. Effects of different loads and carrying systems on selected
biomechanical parameters describing walking gait. Ergonomics.
1985;28(9):1347-62.

Brighenti-Zogg S, Mundwiler J, Schiipbach U, Dieterle T, Wolfer DP,
Leuppi JD, et al. Physical workload and work capacity across occupational
groups. PLoS ONE. 2016;11(5): e0154073.

Hagen K, Vik T, Myhr N, Opsahl P, Harms-Ringdahl K. Physical workload,
perceived exertion, and output of cut wood as related to age in motor-
manual cutting. Ergonomics. 1993;36(5):479-88.

Kang D, Woo JH, Shin YC. Distribution and determinants of maximal
physical work capacity of Korean male metal workers. Ergonomics.
2007;50(12):2137-47.

Korshaj M, Krustrup P, Jargensen MB, Prescott E, Hansen AM, Kristiansen
J, et al. Cardiorespiratory fitness, cardiovascular workload and risk factors
among cleaners; a cluster randomized worksite intervention. BMC Public
Health. 2012;12(1):645.

Maiti R. Workload assessment in building construction related activities in
India. Appl Ergon. 2008;39(6):754-65.

Priya DS, Johnson P, Padmavathi R, Subhashini A, Ayyappan R, Surianaray-
anan M. Evaluation of the relationship between workload and work
capacity in petrochemical and tannery workers—a pilot study. J Life Sci
Res. 2010;19:2-12.



Bagherifard et al. BMC Sports Science, Medicine and Rehabilitation

27.

28.

29.

30.

31.

32.

33

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Shimaoka M, Hiruta S, Ono Y, Nonaka H, Hjelm EW, Hagberg M. A com-
parative study of physical work load in Japanese and Swedish nursery
school teachers. Eur J Appl Physiol. 1997;77(1):10-8.

Takken T, Ribbink A, Heneweer H, Moolenaar H, Wittink H. Workload
demand in police officers during mountain bike patrols. Ergonomics.
2009;52(2):245-50.

Van Der Molen H, Kuijer P, Hopmans P, Houweling A, Faber G, Hoozemans
M, et al. Effect of block weight on work demands and physical workload
during masonry work. Ergonomics. 2008;51(3):355-66.

Frings-Dresen M, Kemper H, Stassen A, Markslag A, De Looze M, Toussaint
H. Guidelines for energetic load in three methods of refuse collecting.
Ergonomics. 1995;38(10):2056-64.

Kemper HC, Van Aalst R, Leegwater A, Maas S, Knibbe J. The physi-

cal and physiological workload of refuse collectors. Ergonomics.
1990;33(12):1471-86.

Kuijer P, van der Beek AJ, van Dieén JH, Visser B, Frings-Dresen MH. Effect
of job rotation on need for recovery, musculoskeletal complaints, and
sick leave due to musculoskeletal complaints: a prospective study among
refuse collectors. Am J Ind. 2005;47(5):394-402.

Kuijer PPF, De Vrries WH, Van Der Beek AJ, Van Dieen JH, Visser B, Frings-
Dresen MH. Effect of job rotation on work demands, workload, and recov-
ery of refuse truck drivers and collectors. Hum Factors. 2004;46(3):437-48.
American College of Sports Medicine. ACSM's health-related physical
fitness assessment manual. Philadelphia: Lippincott Williams & Wilkins;
2013.

Erol ME. Determination of heart rate percentages at anaerobic threshold
and the accuracy of different types of heart rate monitors. New Jersey:
William Paterson University of New Jersey; 2019.

Gao Z.Technology in physical activity and health promotion. Abingdon:
Routledge; 2017.

Borg G. Psychophysical scaling with applications in physical work and the
perception of exertion. Scand J Work Environ Health. 1990;16(1):55-8.
Daneshmandi H, Choobineh A, Rajaee-Fard A. Validation of Borg's RPE
6-20 scale in male industrial workers of shiraz city based on heart rate.
Jundishapur Sci Med J. 2012;11(1):1-10.

Tuxworth W, Shahnawaz H. The design and evaluation of a step test for
the rapid prediction of physical work capacity in an unsophisticated
industrial work force. Ergonomics. 1977,20(2):181-91.

Choobineh A, Barzideh M, Gholami T, Amiri R, Tabatabaei H, Aimasi HA.
Estimation of aerobic capacity (Vo2-max) and study of its associated fac-
tors among male workers of industrial factories in Sepidan/Fars province,
2009. Jundishapur Sci Med J. 2011;10(1):1-12.

Vossoughi S. Assessment of physical work capacity in health personnel
and the protection of man. Tehran: Tehran University of Medical Sciences;
1993.

Firoozeh M, Saremi M, Maleki A, Kavousi A. Investigation of maximal
aerobic capacity and associated factors in firefighters. Iran Occup Health.
2015;12(3):15-26.

Khazraee T, Fararouei M, Daneshmandi H, Mobasheri F, Zamanian Z. Maxi-
mal oxygen consumption, respiratory volume and some related factors in
fire-fighting personnel. Int J Prev Med. 2017;8:25.

Farhadi S, Hesam G, Moradpour Z, Abazari M, Mesdaraghi YB. Estimating
the maximum aerobic capacity of fire fighters using the step test; a case
study with height adjustable steps. Ergonomics. 2016;4(2):60-6.

Afshari D, Angali KA, Ahangar AS, Pour SM, Amirmoezi S. Effects of anthro-
pometric and demographic factors on physical work capacity of students
of Ahvaz University of Medical Sciences. J Occup Hyg Eng. 2018;4(4):12-9.
Frings-Dresen M. Protecting waste collectors all around the world. Occup
Environ Med. 2005;62(12):820-1.

Kuijer PPF, Hoozemans MJ, Kingma |, Van Dieén JH, De Vries WH, Veeger
DJH, et al. Effect of a redesigned two-wheeled container for refuse col-
lecting on mechanical loading of low back and shoulders. Ergonomics.
2003;46(6):543-60.

Segaard K, Fallentin N, Nielsen J. Work load during floor cleaning. The
effect of cleaning methods and work technique. Eur J Appl Physiol Occup
Physiol. 1996;73(1):73-81.

Anjos LA, Ferreira JA, Damido JJ. Heart rate and energy expenditure
during garbage collection in Rio de Janeiro, Brazil. Cad Saude Publica.
2007;23(11):2749-55.

(2022) 14:85

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Comparison of physical workload and physical work capacity among municipality cleaners in Shiraz to determine number of workers needed to counterbalance physical workload
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	Limitations of the study

	Conclusions
	Acknowledgements
	References


