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Abstract

Street cleaning is an integral part of the solid waste management system. There are different ways to achieve clean streets depending on the availabil-
ity of equipment, the type and magnitude of dirt, the surface conditions encountered or traffic conditions. In general, hand sweeping by an individual
worker or a group, hose flushing, or machine sweeping or flushing are applied. In order to obtain information about the occurrence and relevance of
occupational health hazards of street cleaners, the current international literature, as well as corresponding German regulations, were reviewed and
evaluated. Street cleaning includes a variety of health hazards for employees. These can be subdivided into effects of occupational tasks and effects
of working conditions such as weather or road traffic. The hazards result from physical, chemical and biological exposures, but may also be due to
physiological and psychological burden 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 available. Especially in industrialized countries there exist a number of standards and recommendations for
waste workers that aim to reduce their occupational health impacts. Int J Occup Med Environ Health. 2020;33(6):701-32
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INTRODUCTION cantly differ around the world. The increasing population,

Solid waste management includes the collection, trans-
port, deposition, treatment and recycling of waste pro-
duced by individual households, public institutions and
workplaces. Street cleaning is an integral part of the solid
waste management system and an important duty to
ensure a clean environment. Specific challenges signifi-
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especially in Africa, Asia and South America, has result-
ed in severe pressure on urban land, urban utilities and
services. In those areas, a major goal is the prevention of
transmission of infectious diseases, and this is why street
sweepers play an important role in maintaining health in
the communities [1].
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For waste collectors and compost workers, the activities and
their influence on occupational health have been described
in some European studies [2]. Waste collectors usually pick
up waste from its point of production, empty refuse contain-
ers onto trucks, and deliver the waste to disposal and pro-
cessing facilities [3,4]. In contrast to this, workers in com-
posting facilities are occupied with the process of biodeg-
radation of organic material by microorganisms under con-
trolled conditions [5]. Most compost workers are involved
in various working tasks and often spend more than half of
their working day on the wheel loader [6]. A current review
has shown that the main occupational hazards in the waste
collecting and composting sector are heavy manual handling
and exposure to bioaerosols [7]. Bioaerosol exposure is as-
sociated with eye, nose, throat, and respiratory symptoms
of toxic, irritant or allergic origin [7,8]. In Germany, there
exist certain accident prevention regulations for the waste
collecting and composting sector [9,10].

Less is known about the hazards and health effects of street
cleaning, and there are no general regulations in this field.
Like waste and compost workers, street cleaners are physi-
cally stressed and exposed to bioaerosols which can cause
musculoskeletal and respiratory symptoms. When cleaning
public facilities or emptying garbage cans, they may suffer
from cut injuries, skin irritations and infections. Because
they mostly work outdoors, they are exposed to cold, wind
or heat. Environmental/traffic pollution (dust, particulate
matter, ozone, carbon monoxide, nitrogen oxides) and
natural UV exposure have to be taken into account as well.
In this context, it is of interest that solar occupational UV
exposure is a major determinant of the incidence of cuta-
neous squamous cell carcinoma [11].

In most countries, regardless of whether these are devel-
oping, emerging or industrialized countries, street clean-
ing is predominantly done by hand sweeping by an indi-
vidual worker or a group. Sweeping can be done with push
brooms, as is often the case in developing countries, or
mechanically, e.g., by using leaf blowers. However, street

[JOMEH 2020;33(6)

cleaners also work with sweepers, machines and mowers or
gritting vehicles. In general, activities of street cleaners and
the associated health hazards seem to be very complex.
The aims of this review were to clarify which occupation-
al hazards are relevant, whether appropriate studies on
health effects have already been published, and whether
preventive recommendations exist and are being followed.
Moreover, the authors intended to prove whether some
new preventive recommendations could be extracted from
the scientific literature.

METHODS

A systematic search of international studies listed in
PubMed (MEDLINE), using the following medical subject
heading (MeSH) terms # sweepers or (street AND (clean-
er OR cleaning OR sweeping) AND (occupational OR
health OR adverse)) AND (“2000/01/01”[Date — Publica-
tion]: “3000”[Date — Publication]), and in Goggle SCHOL-
AR, using the following MeSH terms # street cleaner AND
occupational health OR street sweeping AND occupation-
al health OR street cleaning and occupational health, was
conducted in January 2000-November 2018. Moreover,
the authors checked references in the previously identified
papers and added any relevant studies (snowballing). Only
papers in English and German were included.

In addition, other sources were taken into consideration.
The authors searched for the available “grey literature” of
German origin about the working tasks of street cleaners,
and their physical and mental stress. Grey literature means
research that is either unpublished or has been otherwise
published, e.g., reports from municipalities or occupational
health centers, and the statutory accident insurance.

RESULTS

Selection of studies

The literature search using PubMed and Google Scholar
retrieved 1220 studies, and 47 studies were found by snow-
balling, resulting in a total of 1267 publications (includ-
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|dentification

Screening

Records identified Records identified Records identified
through PubMed search through Google Scholar through other sources
(N=246) (N=974) (N=47)
Records after duplicates removed
(N=1085)
Records excluded after
abstract screening
(N=957)
After record screening
(N=128)
Records excluded
(N=63)

Eligibility

Full-text articles
assessed for eligibility

Full-text articles excluded

(N=20)

Included

Studies included
in qualitative synthesis

Figure 1. Flow diagram summarizing the selection and exclusion process during systematic search of international studies on street

cleaning, selected in January 2000-November 2018

ing 34 grey literature papers). After duplicates were ex-
cluded, 1085 hits remained. The titles and abstracts were
independently screened by 3 reviewers and 65 full-text
articles were assessed for eligibility. Finally, 45 full-text ar-
ticles were included (Figure 1). Most of these publications
(N = 39, 83%) originated from countries outside Europe,
mostly from emerging and developing countries like India,
Egypt and Nigeria (Figure 2). Details and results of 28
studies evaluating health effects by using appropriate sta-
tistical methods are shown in Tables 1 and 2.

Due to the fact that waste management, as well as the com-
position and amount of waste, and also working conditions
of employees, vary widely by country and region, the au-
thors decided to analyze the literature from emerging
and developing countries separately from that regarding
industrialized countries. Due to the fact that the litera-
ture search did not reveal any publications from outside
Europe (e.g., North America, Australia), the latter evalu-
ation refers to countries within Europe.

QOther
Europe (3)

Other Asia (10)

India (16)

Other Asia - Bangladesh (2), Iran (2), Thailand (2), Indonesia (2),
Pakistan (2), Korea (1); other Africa - Ethiopia (1), Kenya (1), South
Africa (1), Tanzania (1); other Europe — Greece (2), Spain (1).

Figure 2. Number of included studies selected in January 2000~
November 2018 regarding occupational hazards of street
cleaners from different continents/countries (all N = 45)
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Street cleaning in emerging and developing countries
General considerations

According to the study by Johncy et al. [12], street sweep-
ing is one of the most popular occupations of less privi-
leged people in India. Also in a Nigerian study, about 30%
of street sweepers never had any formal education [1].
Most of the 70 street cleaners involved in a cross-sectional
survey from Kenya had little knowledge on occupational
health hazards and safety, e.g., regarding the transmission
of infections [13].

While developed countries take measures to prevent oc-
cupational health hazards, this is not the case in develop-
ing countries [12,14]. In countries like India and Nigeria,
street sweepers often use only short-handled brooms and
take no precautionary measures, such as wearing face
masks or sprinkling water on the street before sweeping,
to minimize dust exposure [1,12]. An Egyptian study also
resulted in the finding that none of the 138 street sweepers
involved was instructed to use personal protective equip-
ment (PPE), such as masks or gloves, while working. All
of them reported neither being vaccinated nor trained
before commencing employment. This is remarkable as all
of the street sweepers reported coming into contact with
blood, fecal matter, broken glass, needles/syringes and
animal carcasses [14]. This finding is in accordance with
the results obtained in other developing countries like
India [15]. According to the authors of the latter study,
the reasons for not using PPE were an insufficient supply
of protective devices and a lack of motivation for using
them.

The reported health problems of street sweepers in
emerging and developing countries are manifold. A high
percentage of Egyptian street sweepers (95%) report-
ed experience of work-related injuries during the past
year, compared to only 21% among university workers
(p = 0.0001) [14]. Recently, a cross-sectional study from
central India was published comprising 20 street sweepers
(10 female) doing their job 8-9 h/day for >10 years [16].

Reported health impairments were musculoskeletal dis-
orders (MSDs) (100%), respiratory problems (95%), der-
matological problems (90%), headaches (75%) and gas-
trointestinal problems (15%). Concerning the respiratory
problems, allergies (100%), cough and cold (75%), asthma
and bronchitis (65%) were reported by the street sweepers
surveyed. However, in another Indian study, street sweep-
ers were the most satisfied subgroup of solid waste work-
ers (91% of satisfied respondents). The reasons might be
that they earn fixed salaries and there is usually no need to
directly touch the municipal solid waste [17].

At this point, it has to be mentioned that even after an
appropriate selection, the remaining publications from
emerging and developing countries do not always meet
the usual standards of international publications. Most of
the studies have been published in online journals with-
out a reliable peer review process. In a number of cases,
the selection criteria of the examined workers, or the basic
characteristics of the study group, such as age or gender
distribution, were not described. Nevertheless, these ar-
ticles show the occupational hazards of street cleaners
outside Europe, and the authors often suggest appropriate
protective measures, and also general instruction and edu-
cation (Table 2). Due to this fact, and also because there
are only few publications on occupational health hazards
of street cleaners from peer-reviewed journals, these stud-
ies have been taken into account in the review. In the fol-
lowing, the studies on the main occupational health haz-
ards are evaluated separately.

Working circumstances (e.g., dust exposure, noise, temperature)
Dust samples at the street sweepers’ worksite in Calabar,
Nigeria, revealed a significantly higher respirable dust
level of 0.194+0.002 mg/m* compared to that of the con-
trol sites, which was 0.015+0.003 mg/m? [18].
Occupational hazards in terms of bioaerosols, noise and
thermal conditions for municipal solid waste workers, in-
cluding 12 street sweepers, were investigated in a study

[JOMEH 2020;33(6)
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conducted in South Africa [19]. Personal and environmen-
tal sampling was performed in the breathing zone of these
workers. Concerning street cleaners, the concentrations of
total dust were 0.02-(0.5 mg/m?3 and fungi were measured in
the range of 1.2-2.4x10* colony forming units (cfu)/m?.
In a cross-sectional survey based in Kenya, 19% of the sur-
veyed group including 70 street cleaners and 1 public
health staffing officer indicated, in the interviews about
occupational health, that they were exposed to extreme
noise [13]. The study showed that the majority of these
workers were not provided with PPE, and that there was
a lack of knowledge on occupational health hazards and
safety.

Street cleaning, as an outdoor work, is also associated with
exposure to cold and hot temperatures. Mean summer
temperatures >33°C were measured during street sweep-
ing and were associated with complaints such as head-
aches, sunburns, heat stress, excessive sweating, dehy-
dration, and difficulties in concentration on the assigned
tasks [19].

Respiratory morbidity

Street sweepers are exposed to a variety of inhalable
agents such as dust, toxins and traffic emissions, which
make them vulnerable to develop occupational respira-
tory diseases. In a supplementary evaluation of data from
a cross-sectional study on 273 street sweepers in India [15],
the authors reported chronic respiratory morbidity, taking
into account various risk factors such as age, sex, socio-
economic status, duration of employment, smoking habit,
type of a house, area of residence, cooking fuel, and
pets [20]. The proportion of chronic respiratory morbid-
ity in terms of chronic bronchitis, asthma and bronchi-
ectasis was significantly higher among street sweepers
(8.1%) compared to a group of office workers (2.1%,
p = 0.016). Multivariate logistic regression analyses re-
vealed that the risk of having chronic respiratory mor-
bidity among street sweepers was 4.24 times (95% con-

[JOMEH 2020;33(6)

fidence interval [CI]: 1.24-14.50) higher than that in
the control group, and the risk increased significantly with
the duration of employment (odds ratio [OR] 1.75, 95% CI:
1.09-2.81).

Also, in a recent study using the American Thoracic Society
respiratory questionnaire, involving 86 street sweepers and
80 office workers (matched by age and smoking habits),
all respiratory symptoms, including cough, phlegm, cough
with phlegm, dyspnea and wheezing, were more preva-
lent in street sweepers than in office workers (p < 0.001).
It could be shown that the chances of experiencing cough,
phlegm, dyspnea and wheezing were 21.9 (95% CI: 9.8-49),
48.6 (95% CI: 6.4-367), 4.3 (95% CI: 2.2-8.3), and 15.8
(95% CI: 6.9-8.3) times higher, respectively, in the exposed
group than in the unexposed group [21]. Eleven publica-
tions showed that street sweepers reported more frequent
respiratory complaints compared to the corresponding
control group (Table 2). In this context, it is of interest that,
in a study from Tanzania, street sweeping dust was the main
factor associated with reported cough, phlegm, wheezing
and nose irritation. While age was associated with cough
and phlegm, the duration of employment as a street sweep-
er was associated with cough [22].

Detailed information on the respiratory effects of the oc-
cupational exposure of street sweepers is provided
in 12 studies in which lung function measurements were
performed on both exposed and non-exposed persons
(Table 2). Generally, lower lung function values were
measured for street cleaners than for control subjects, and
with the exception of 1 study [18], this finding was signifi-
cant. However, according to Nku et al. [18], the lack of any
significant difference may be due to the fact that none of
the street sweepers had worked for more than 2 years.
While in all studies the values of forced expiratory volume
in 1 s (FEV,) of street sweepers were significantly lower
than those of control subjects, this was more moderate
for the values of forced vital capacity (FVC) (Table 2).
In 3 studies, no difference was found in the FVC values
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between street cleaners and control subjects [23-25], indi-
cating an obstructive pattern. Additionally, Sani et al. [24]
discussed that, due to the significant decline in forced ex-

piratory flow (FEF,. ..) and peak expiratory flow (PEF),

25—75)
dust exposure of street sweepers might cause obstructive
changes also in the small airways.

In another study, street sweepers showed a significantly
lower forced mid-expiratory flow (FMEF) (p < 0.00001)
than the control group, which is, according to the authors,
also a sign of a small airways disease [26]. In this study,
a linear relationship between the development of obstruc-
tive airway disease and the duration of exposure to dust
was evident. In particular, it could be shown that exposure
to non-industrial dust lasting >10 years can be sufficient
to cause a moderate degree of airflow obstruction [26].
Other authors also reported a negative correlation be-
tween the duration of exposure and lung function values
for street sweepers [12,27-29].

In most of the recent studies, the results of lung func-
tion measurements were adjusted for smoking [24,28] or
the comparison with control subjects was only performed
in non-smoking subjects [23,25,29]. Most of these studies
showed that the decline of lung function was aggravated in
smoking individuals.

Musculoskeletal disorders

Nine studies reported a higher prevalence of back pain in
street sweepers compared to control subjects (Table 2).
Three studies described increased frequencies of back
pain in addition to respiratory problems and other com-
plains [14,18,30]. Four studies focused on MSDs in street
sweepers [31-33], and even some appropriate interven-
tion programs were performed [34]. However, it should be
noted that these results were based on interview data in all
the studies except the latter.

The location of work performance (e.g., in slums) and
the duration of employment in street sweeping were
found to be predictors of MSDs after adjusting the data

of 180 Indian street sweepers for age, the body mass index
and the caste [32]. In more detail, the street sweepers work-
ing for 210 years were significantly more likely to suffer
from disabilities in the elbows (OR = 8.12, p < 0.01), hips/
thighs (OR = 6.27, p < 0.01), wrists/hands (OR = 4.98,
p < 0.01), upper back (OR = 4.40, p < 0.01) and lower
back (OR = 3.45, p < 0.01), as compared with those work-
ing for <10 years. Also in other studies, a longer duration
of employment as a street sweeper turned out to be a sig-
nificant risk factor for MSDs [31,33].

Interestingly, job satisfaction and MSDs were also found to
be associated, as the sweepers who were not satisfied with
their job were more likely to suffer from MSDs [32,33].
As mentioned before, in a quasi-experimental study,
68 Thai street sweepers with MSDs (scaled by physio-
therapists and sports scientists) were randomly divided
into a control group and an intervention group. The latter
performed a multidimensional ergonomic intervention
(MEI) program to reduce musculoskeletal discomfort.
The MEI model was designed on the basis of cognitive be-
havioral therapy, ergonomic education training, stretching
exercise, and the use of foam-sleeve broom-handle grips.
While at baseline there was no difference between both
groups, after 28 weeks the score of the musculoskeletal
discomfort was significantly lower (3.44 vs. 7.06, p < 0.01),
and the upper (12.4 vs. 9.9) as well as lower body strength
(13.2 vs. 9.9) was significantly higher (both p < 0.01) in
the intervention group than in the control group [34].

Infections

A number of studies have revealed that street sweepers,
especially in emerging and developing countries, are at
risk of infectious diseases as they are exposed to inhalable
matter, microorganisms, injuries, cuts and wounds.

While a Kenyan study found that the involved street clean-
ers had little knowledge about the possible ways of transmit-
ting infections and diseases [13], interviews with 70 street
sweepers and garbage collectors from Egypt showed that

[JOMEH 2020;33(6)
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the workers were aware of these health hazards [35].
Nevertheless, they reported not to receive any vaccination
against common infectious diseases, e.g., tetanus. They
returned home wearing the same clothes as during street
sweeping, and also other hygienic attitudes and practices
were pootr, including eating, drinking or smoking during
their work shifts. Nearly all subjects reported that they
worked with unprotected hands, and without using any
gloves, head covers or masks. They stated that their admin-
istration did not offer them any PPE.

In Egypt, a total of 138 street sweepers and waste collec-
tors were investigated for infectious diseases [14]. Univer-
sity workers and clerks (N = 127) served as the control
group in this cross-sectional study. Besides questionnaire
and medical examinations, blood and stool samples were
taken for laboratory investigations. Significantly higher
rates of hepatitis C virus (HCV) seropositivity (18.1% vs.
8.7%, p = 0.03), parasitic infestations (21.7% vs. 11.8%,
p = 0.04), skin irritation (13.8% vs. 2.4%, p = 0.002),
and work-related injuries (94.9% vs. 20.5%, p < 0.0001)
were found in street sweepers. Also, the prevalence of
hepatitis B virus (HBV) seropositivity (6.5% vs. 3.9%)
was higher in street sweepers than in university workers;
however, this difference was not statistically significant.
While none of the 138 street sweepers was vaccinated, got
periodic medical examinations or had health insurance,
all university workers had health insurance and reported
having regular health check-ups (p = 0.0001).

In another cross-sectional study conducted in Egypt,
346 municipal solid waste workers, including 38 street
sweepers, were investigated to explore the occurrence of
HBV, HCV and HIV [36]. Of the total number, HBV vac-
cination was reported by 199 (56.5%) workers. The overall
seroprevalence, indicating a hepatitis infection in waste
workers, was 36.1% (HBV) and 8.4% (HCV). Only 2 street
sweepers showed isolated HCV seropositivity while no
HIV infection was detected. In addition to past history of
parenteral anti-schistosomal therapy and intravenous infu-

[JOMEH 2020;33(6)

sion, the rate of HCV was associated with direct exposure
to solid waste, as shown by stepwise logistic regression
(Exp(B) 1.7, 95% CI 0.8-3.7). The relative higher preva-
lence of HBV compared to HCV among the whole group
of waste workers was explained by the authors as hepatitis
B being the most likely infection from a needle stick injury.
They recommended a compulsory HBV immunization
prophylaxis and strict compliance with established hygienic
guidelines to avoid occupational HCV infections.

Cognitive and mental aspects of accidents

Human physiological functions change with age. Like
older people in general, older cleaning and waste work-
ers have a poor sense of balance, a limited perceptive
ability and a lack of judgment in dangerous situations.
This can cause problems especially in the dark season, or
when working at night or early in the morning. If a worker
cannot balance him/herself when he/she slips, he/she may
lose balance and fall, which can lead to various injuries.
These associations were reported in a study analyzing inju-
ries from street cleaning jobs in Korea in 2009-2011. Slips,
trips and falls represented the most common type of acci-
dents (58%), followed by traffic accidents (24%), and 79%
of all accidents involved injured persons aged >50 years.
In addition, the rate of injuries caused by slipping on ice or
snow was the highest among the elderly, and in particular
among elderly women [37].

Additionally, authors from, e.g., India, Nigeria and Ban-
gladesh reported that street sweepers were mostly less
privileged, fell within the low income class, and had a rela-
tively high proportion of illiterates [1,12]. All these socio-
demographic characteristics are also related to physical
and mental health hazards of street sweepers, and espe-
cially to accidents.

The low social position of street sweepers might con-
tribute to a low risk perception at work, as shown by
a study on 15 street sweepers in Dhaka, Bangladesh [38].
The sweepers come from a disadvantaged community in
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the society where they feel significant social exclusion and
internally adopt beliefs of inferiority. More than one-third
of them were found to believe that infections, injuries,
accidents and death can happen to anyone, at any time,
and anywhere, thus normalizing the perception of injury
and health problems. Some workers believed that they
had developed a natural defense system in their body, and
strong faith-based explanations were found to rationalize
the possible health hazards. In addition, street sweepers
were found to rationalize the amount of occupational and
health hazards that they were exposed to as a result of
their relatively low social position.

The prevalence and magnitude of health problems and
associations with socio-demographic characteristics were
evaluated in a cross-sectional study on 75 street sweep-
ers (male and female) in Thailand [34]. The results of
the hazard questionnaire indicated that ergonomics was
ranked as a major hazard (89%), followed by psycho-
logical hazard (80%), chemical hazard (76%), biological
hazard (59%), and physiological hazard (57%). In that
study, the psychological hazard increased significantly
with age (p = 0.048).

Street cleaning in Europe and Germany

General considerations

(with special consideration of the VerEna project)

With the creation of the EU internal market in 1993
and the privatization of municipal utilities, there was an
increase in economic pressure in the entire waste man-
agement sector. For the already physically burdened
employees, this resulted in workload compression and
an increased burden of work [39]. Given this combined
strain, the waste management sector continued to experi-
ence a high incidence of accidents. For the entire waste
management sector, the 1000-Mann-Quote (TMQ),
i.e., the number of accidents per 1000 full-time employ-
ees, is 98, for the solid waste disposal sector 128, and for
the street cleaning sector 65 [39].

As a result of the reference circumstances, a project en-
titled “VerEna - Verhiitung arbeitsbedingter Gesund-
heitsgefahren im Entsorgungsbereich” (Prevention of oc-
cupational health risks in the disposal sector) was initiated
in 1999 [39], involving German social accident insurance
institutions and different statutory health insurance in-
stitutions. In the VerEna-based prospective intervention
study, a general risk assessment recording the health haz-
ards in the sector of waste disposal (street cleaning, waste
management, wastewater disposal) was performed, fol-
lowed by specific instructions for prevention practices at
the workplaces of street sweepers [39,40].

Twenty-one municipal waste management companies par-
ticipated in the VerEna project. In order to get a picture of
the work-related strain and health risks, primary data were
collected by way of employee surveys (questionnaires), struc-
tured surveys (with executives, occupational safety experts,
occupational health physicians and employee representa-
tives), and workplace inspections. Physical examinations of
employees were not carried out. In the second step, data re-
garding the frequencies and diagnoses of incapacity for work,
as well as accidents at work, obtained from social accident in-
surance institutions and employee health insurances institu-
tions, were analyzed. To ensure sustainability of the VerEna
project, a follow-up project, VerEna II, was carried out in
2004-2005 [40]. Out of the 21 waste management companies,
16 were again involved in the VerEna II project.

A total of 4558 employees took part in the surveys, rep-
resenting about 70% of possible participants. Concern-
ing the 1470 street cleaning employees, 356 (24%) were
drivers of large machines, 266 (18%) were drivers of small
sweeping machines, and 848 employees (58%) were doing
manual street cleaning. For some employees, a variety of
health hazards were apparent. The experience of strain
was modulated by high levels of physical stress, the in-
creasing mental stress, the pressure to perform, social
conflicts, organizational inefficiencies in the operation,
and ruthless behavior of other road users.

[JOMEH 2020;33(6)
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The fields of action derived from the results of the first
VerEna-based study (2001-2002) were only qualitatively
mentioned in the guidelines for prevention practices.

Quantitative data on the proportionate distribution of

the problem areas were not mentioned [40]. Especially

for street cleaners, the following problem areas could be
identified:

- low social recognition of cleaning work,

— special burdens due to winter service,

- inadequate cooperation of waste management and
street cleaning departments in the disposal areas,

— deficits in equipment with technical aids,

- social conditions in the depots, e.g., partly insufficient
equipment of companies with sanitary facilities and
social rooms.

Companies were able to derive specific proposals for

action and recommendations by the involvement of

the considered companies, health and safety professionals
and the external prevention advisors of the social insur-
ance. Considered topics were:

work planning and procedures,

- teamwork,

- work equipment,

- working atmosphere,

- communication and information,

- management style,

- behavioral prevention,

- canteen catering.

Steering committees were set up in many participating
waste management companies. They were important for
the implementation of occupational health management
and served as an intermediary between the company man-
agement and employees.

The processes initiated by the VerEna and VerEna II proj-
ects led to changes as far as the soft factors are concerned.
Thus, both job satisfaction and the working climate im-
proved. Job satisfaction rose from 11.4% to nearly 29%.
However, job satisfaction remains rather low and there
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is still a need for preventive action in the area of work
organization and personnel management. Moreover,
the evaluation of the data of the health insurance institu-
tions showed that there is a need for further prevention.
The disposal industry is still dominated by MSDs followed
by respiratory diseases. Heterogeneous developments
were seen when comparing the development over time.
For example, the proportion of MSDs that led to a report-
able incapacity for work fell from around 27% in 2000 to
around 23% in 2004, while the share of respiratory illness
increased by about the same proportion. It should also be
emphasized that the proportion of mental illnesses more
than doubled within the survey period. With regard to
the age structure of the workforce, the municipal waste
disposal sector is characterized by a relatively high average
age (45-48 years). Although the older employees were not
more often on sick leave than the younger ones, they were
absent for longer periods when they were ill.

At the end of the VerEna project, it became clear that, in
order to be successful, prevention must be an integral part
of day-to-day operations, and that there is still a need for
action especially in the area of human resources manage-
ment and work organization.

In another German study, which was also carried out to-
gether with statutory health insurance institutions, the sick
leave in single occupations due to cardiovascular diseases
and MSDs was documented [41]. Based on the data of
insured subjects from almost all statutory health insur-
ance institutions, aged 18-64 years in 2008, the standard-
ized morbidity ratios (SMRs) of sick leaves of 55 316
male street cleaners and waste workers, in comparison to
844 709 office workers and higher qualified occupations
in the administration and business sectors, are shown in
Table 3. With regard to the 19 diseases, only for 2 diseas-
es (heart failure and stroke) the insured street cleaners
showed lower SMRs than control subjects. Otherwise, they
had significantly higher SMRs, especially for MSDs such
as back pain, shoulder lesions, and other enthesopathies.
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Since smoking has an important influence especially on
cardiovascular diseases, and may be higher in the rather
low-skilled group of street cleaners/waste workers than in
office workers, the authors also analyzed the correspond-
ing data on sick leaves of other cleaners (working in build-
ings) which, however, showed much lower SMRs than
among street cleaners/waste workers (data not shown).

Working circumstances (e.qg., dust exposure, noise, temperature)
During different jobs in street cleaning, such as sweeping
with push brooms, using leaf blowers and emptying public
rubbish bins, workers are exposed to biological agents.
According to the German regulation, these activities are
among the non-targeted activities with biological agents
within the meaning of the Biological Agents Ordinance,
BioStoffV. Against this background, Neumann et al. [42]
aimed to quantify the amount of biological agents
during different activities in street cleaning. The con-
centration range for total fungi was around a magnitude
of 103-10* cfu/m? which is rather low in comparison to
other jobs in the waste disposal and removal sector, with
levels in the range of 10°-10°cfu/m? [2]. The highest values
for total fungi were measured during the manual handling
of trash. In general, bacteria concentrations were higher
than those for fungi; especially the concentrations re-
corded for dust-raising activities, such as working with leaf
blowers, reached values >10*cfu/md.

The relevant sources of noise in leaf blowers are com-
bustion engines and blowers. The sound power levels of
the engines are generally 106-112 dBA. Devices with in-
ternal combustion engines emit, besides particles, exhaust
gases including hydrocarbons and nitrogen oxides, which
also contribute to the formation of ground-level ozone,
and carbon monoxide [43].

Depending on the season, relevant exposure to soil par-
ticles and pollen may also occur. Fungal spores and pollen
may have allergenic properties while microorganisms de-
rived from animals, e.g., dog feces, may be pathogenic to

humans. When applying leaf blowers, significant increases
in germ concentrations for intestinal bacteria (Enterobac-
teriaceae: 120 cfu/m?), compared to background measure-
ments, were registered. Fungal concentrations were in
the range of 2-10X10° cfu/m? [44].

The workload of refuse workers (including 18 street clean-
ers) in Hamburg, Germany, was determined in a field
study [45]. Cardiopulmonary exercise (CPX) testing was
performed in 13 subjects (5 street cleaners) using a mobile
CPX device. Compared to the known reference limits
for heavy work, 44% of the total group had shift values
>30% of the heart rate reserve; 34% of the individuals had
values of the mean heart rate during work that were above
the heart rate corresponding to 30% of the individual max-
imum oxygen uptake. All individuals had a mean oxygen
uptake >30% of the maximum oxygen uptake. The au-
thors suggested that employment as a refuse worker should
be classified in the upper range of defined heavy work.

Respiratory morbidity

Seele et al. [46] performed a retrospective analysis of
a chronic obstructive pulmonary disease (COPD) screening
initiative in a large German waste disposal company. The re-
sults of medical anamnesis, work-related questionnaire data
and lung function data of 645 participants were included in
the analysis. A statistical relationship between the probabil-
ity of COPD diagnosis and employment in street cleaning,
refuse collection, fleet management and administration was
observed. However, due to the high proportion of smokers
and the high prevalence of COPD also in the administra-
tion sector, the authors considered a causal link to substanc-
es inhaled at the workplace to be unlikely.

Musculoskeletal disorders

In a German cross-sectional study, 62 employees of
the municipal waste collection services of the City of Ham-
burg were investigated. The most common health prob-
lem was back pain, reported by 67.2% of the participants.
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Table 3. Standardized morbidity ratios (SMRs) of 55 316 male street cleaners and waste workers, based on the sick leave data

of German statutory health insurance institutions in 2008 [41]

Disease Cﬁffs SMR (99.9% CI) Label
Hypertension 2106 1.57 (1.44-1.70) +
Angina pectoris 307 1.30 (1.03-1.60) +
Myocardial infarction 145 1.46 (1.04-1.98) +
Chronic ischemic heart disease 626 1.42 (1.22-1.65) +
Heart failure 127 1.08 (0.75-1.49)
Stroke 87 1.31(0.84-1.93)
Varicose of the lower extremities 216 1.68 (1.28-2.16 +
Hemorrhoids 405 1.73 (1.42-2.08) +
Mononeuropathy of the upper extremities 391 3.40 (2.78-4.10) ++
Coxarthrosis 328 2.34(1.88-2.87) +
Gonarthrosis 857 3.22 (2.82-3.66) ++
Rhizarthrosis 38 4.30 (2.13-7.63) ++
Damage of the knee joint 1121 2.11(1.88-2.36) +
Spondylosis 823 2.84 (2.48-3.24) ++
Back pain 12892 3.13(3.02-3.23) +++
Synovitis and tenosynovitis 639 3.20 (2.74-3.11) ++
Other diseases of synovialis and tendons 202 2.63 (1.98-3.40) +
Shoulder lesion 1790 4.01 (3.66-4.38) +++
Other enthesopathies 1725 4.77 (4.34-5.22) +++

The data of 844 709 office workers in the administration and business sectors are considered as reference.

Significantly more sick leaves than in the control group was labeled by.

“+” - SMR is safely >1 (SMR >1); “++” — certainly >2 as many sick leaves (lower CI 22); “+++” - >3 times as many sick leaves

(lower CI 23).

In the clinical examination, spinal percussion and/or pal-
pation were painful in 11.5% of the subjects. According to
the authors, there was a higher prevalence of back com-
plaints among waste collectors compared to the general
German population [3].

The evaluation of MSDs was also a main topic in
the above-mentioned VerEna project and its follow-up
(VerEna II). In both VerEna-based studies, the preva-
lence values of self-reported MSDs were quite similar for
back pain (45.3%; follow-up 44.2%), leg/foot pain (27.9%;
28.7%), neck and shoulder pain (27.0%; 29.1%), and mus-
cular cramps (26.0%; 25.7%) [40].
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Infections

The authors included 2 studies on gardeners because they
share some duties done by street sweepers, €.g., being respon-
sible for maintaining municipal gardens. The prevalence and
risk factors of hepatitis A virus (HAV) infection among 100
municipal waste collectors and 108 gardeners were evalu-
ated in central Greece [47]. None of the participants had
been vaccinated. The prevalence of HAV infection among
the waste collectors and gardeners was 61% and 27%, re-
spectively. Logistic regression analysis showed that, besides
exposure to waste (OR = 2.87) and age (OR = 22.57), also
habits like smoking, drinking or eating during waste collec-
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tion were significantly associated with a higher relative risk
of HAV infection (RR = 2.84). The authors also reported,
for the same workers, an independent association of ex-
posure to waste (OR = 4.05) and age (OR = 5.22), and
a higher risk of HBV infections in the case of occupational
injuries with needle sticks (RR = 2.64) [48].

Cognitive and mental aspects

Health-related quality of life (QoL) is a well-established
aspect of health and general well-being. It could be as-
sumed that the overall QoL is better among subjects having
an occupation than in unemployed people. In addition, el-
derly persons who work are more likely to have a better
QoL with regard to self-esteem, family, interpersonal re-
lationships, and economic status [49]. On the other hand,
employment can lead to the development of occupational
diseases with a well-known impact on QoL. This means
that QoL could be influenced by specific occupations, and
by corresponding tasks and duties. In a German cross-
sectional study, an association between back complaints
and limitations in QoL was observed in municipal waste
collectors. The authors stated that interventions address-
ing the ergonomic handling of waste containers and street
sweeping may reduce back complaints and finally contrib-
ute to improved QoL among the workers [3].

DISCUSSION

Street cleaning is a hazardous occupation due to the fact
that there is a high physical burden, work is conducted
mostly outdoors, in traffic, and is concerned with dirt and
refuse. Additional psychological and mental effects can
result from management responsibilities, the intensity of
work, or interactions within the working team.

There are some great differences in exposure and working
conditions between developing and emerging countries, and
countries within Europe. Important aspects to talk about
are climate, the use of machinery, traffic conditions, the use
of PPE, socio-economic status, or health and accident in-

surances. Therefore, the current literature review and also
the following discussion were stratified accordingly.

The situation of street cleaners

in developing and emerging countries

It seems that in many countries, to this very day, little at-
tention has been paid to the health of the workers who
are chronically exposed to hazards due to street sweeping.
After the evaluation of the literature, it could be assumed
that in many developing and emerging countries hardly any
protection measures, like masks or gloves, are used. This
is often due to the fact that they are not made available to
the workers at all. In addition, ergonomic or work flow rec-
ommendations are rarely established. As a result, respira-
tory, muscular and joint problems are still quite common.
The following aspects have to be taken into account con-
cerning workwear. Slight injuries such as abrasions can be
avoided by clothing. In addition, workwear should protect
against infections and cuts, e.g., from broken glass. More-
over, a reflecting surface of clothing represents a part of
the warning effect and protects against sunlight. Even if
work equipment is provided, the cleaning tools are some-
times improper. For example, short-handled brooms were
found to be frequently used in India [12], which increase
exposure simply due to the short distance to emissions
from the street. Furthermore, the use of short-handled
brooms favors MSDs.

The amount and qualitative composition of dust and gar-
bage are determined by local circumstances. Slum areas
and animals in the streets, partly for cultural reasons as in
India, create conditions and infections that are not found
in Europe.

Overall, it can be deduced that, under the conditions de-
scribed, the exposures experienced by street cleaners are
capable of causing respiratory complaints (coughing) as
well as illnesses (chronic bronchitis, COPD). The study by
Nku et al. [18] indicated the duration of exposure to street
dust as an important factor influencing the manifestation
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of symptoms. This relationship can be considered validated
and has also led to the assessment of occupational respira-
tory diseases in Germany. In more detail, COPD is causally
attributed to the occupational activity of a miner after a suf-
ficiently intense level of exposure to stone coal dust. Con-
cerning the assessment of respiratory health risk in street
cleaners, the enhanced physical effort and muscle work that
activities such as lifting and manhandling of the various con-
tainers entail have to be considered. As a result, ventilation
response increases, which is characterized by an increased
flow volume and respiratory frequency [45]. Consecutively,
the amount of inhaled bioaerosol is also raised. The expo-
sure includes not only airborne organic compounds, but also
dust particles and vehicle exhaust fumes and gases. There-
fore, it is important to minimize the inhalation exposure to
street dust, whether by wearing masks or sprinkling water
on the street before sweeping. In addition, employees in
general, and street cleaners in particular, should be encour-
aged to quit smoking to prevent obstructive lung diseases.
Moreover, work-related complaints are a result of percep-
tion and interpretation, and could be modified by the local
social or religious values that could not be applied for
Europe. In addition, the different social systems play
arole in the risk assessment of street sweepers in different
countries. Due to special social systems in some countries
(e.g., the caste system), the primary work of street sweep-
ing and waste collecting is done by so-called underprivi-
leged individuals. The perception of occupational risk and
safety is largely determined by the position and rank of
the individual and/or group within a given situation. Since
these street sweepers do not view themselves as having
a large amount of personal value, they remain less con-
cerned about their own health and safety.

Moreover, the high proportion of female street sweepers
in some countries outside Europe should be mentioned.
While in Germany only 3.2% of street cleaners and waste
workers in 2011 were female [50], in other countries, partic-
ularly in Latin America, women participate extensively in
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street sweeping. Also in India and Nigeria, mostly women
are engaged as street cleaners, which is why in some stud-
ies regarding these countries only female street cleaners
were included [1,12,27,51]. Potential sex differences were
suggested in terms of susceptibility to various exposures
and the development of occupational lung disease, which
may be due to the differential rates of absorption of toxins
in men and women [52], but also due to the differences in
exposure conditions and working areas [53].

In conclusion, the challenges for developing and emerg-
ing countries concern, in the first place, the implementa-
tion of known recommendations to protect against injuries
or health impairments. Illnesses, infections and accidents
can be prevented, to some extent, by the use of protective
clothing, such as safety shoes, helmets, ear protection and
high-visibility vests or clothing. General training should be
included and mechanical equipment should be operated
only by trained workers. There should be a conveniently
accessible central point providing good washing facilities,
a cloakroom with arrangements for changing and drying
clothes, a common room and a first-aid room. Finally,
periodic medical examinations, including recommended
vaccinations, are desirable. Recommendations have to be
always based on hazard sources and risk assessments of
the specific working conditions of street sweepers.

The situation of street cleaners in Europe

In Europe, and especially in Germany, the situation is dif-
ferent and, to a certain extent, the other way round, as
there already exist a lot of regulations and instructions
which do not always seem to be consequently followed.
Overall, regarding the following topics: “street sweeping
in general, manual tasks, machine operating, and winter
services,” >30 recommendations and guidelines concern-
ing prevention practices have been published.

It is to question whether all these statements are really
helpful, and it seems difficult for employers and workers to
get a proper overview of the multitude of regulations. The
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Table 4. Occupational health hazards of street cleaners, appropriate personal protective equipment (PPE) and suggestions

for health examinations and preventive strategies

Hazard

PPE

Health examinations/
preventive strategies

Skin
irritations, infections

UV radiation
Infections (blood)

Hearing (noise, e.g., leaf blowers)
Bioaerosols
airways: allergy, asthma, COPD

(occupationally acquired or aggravated)

risk of infection/ carryover

Eyes
irritation (particles, dust)

night blindness (winter service at night)

Weather (“uncomfortable,” increase
in infections, increase in sick leaves)

MSDs

gloves, skin protection, possibility
to wash hands

sun protection (sunscreens, headgears,
clothing)

vaccination

hearing protection

face masks

workwear, black and white areas,
cleaning the driver’s cab

protection goggles
glasses

appropriate clothing, sun protection
(see above)

appropriate ergonomic equipment
(e.g., long-handled brooms)

skin check
skin cancer screening
inquiry about the vaccination status,

titer determination, vaccination offer
audiometry

skin prick test, specific IgE
determination, spirometry (lung
function test)

visual test

ergonomic training, stretching
exercise

Cuts/wounds (needle stick injuries) gloves

Road traffic (accidents, environmental/traffic
pollution [dust, particulate matter, ozone,
carbon monoxide, nitrogen oxides])

Mental stress

reflecting clothes, face masks

work planning, teamwork, working
atmosphere, communication,
information, management style

COPD - chronic obstructive pulmonary disease; MSDs — musculoskeletal disorders.

aspects of safety, simplification, productivity and effective-
ness of prevention practices at the workplace in general
were addressed in a recent comprehensive article from
Italy [54], the main statement being: “Although reducing
prevention is never justified, it should still be ‘sustainable’
economically in order to avoid waste of resources.”

As shown by the VerEna-based study, prevention must be
integrated and practicable in all day-to-day operations in
order to be successful. About 80-90% of the German pop-

ulation had back problems at least once in their lives [55].
Thus, an aggravation of a pre-existing pain condition by
work should be considered. In addition, in order to pre-
vent mental stress, further action and recommendations
are needed in the areas of human resources management
and work organization. Psychological and mental effects
based on improper management, the intensity of work,
or inadequate interactions within the working team could
result in psycho-somatic disorders hardly indistinguish-
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able from organic ones. For instance, psycho-social oc-
cupational factors are also considered important within
the complex and multidimensional etiology of back pain
and other MSDs. In addition, with respect to a growing
share of older workforce in the future, it is necessary to
develop means to motivate and train older workers.
Regarding COPDs in the occupational and social medical
field, the early detection of these diseases is of particu-
lar importance. The earlier COPD is detected, the better
the therapeutic prospects. Due to its chronic course in ad-
vanced stages, COPD can have a negative effect on the abil-
ity to work. Therefore, preventive check-ups are offered
in Germany, e.g., regular lung function tests to prevent
obstructive pulmonary diseases. However, in a prevention
study initiated by a great German waste management com-
pany, <2% of employees make use of this occupational
health care provision [46].

Thinking in terms of prevention, vaccination is a power-
ful tool to avoid several infectious diseases. In particu-
lar, the results of the Greek study in which up to 61%
of the non-vaccinated workers had HAV infections [47]
show the importance to recommend vaccination to those
individuals who are at increased risk due to their occupa-
tion. However, it should be stressed that the use of PPE
and appropriate personal hygiene control could also limit
the chances of coming into contact with infectious agents.

CONCLUSIONS

Around the world, street cleaners are physically bur-
dened and exposed to various hazards. Musculoskeletal,
and in many countries also respiratory, complaints are
in the foreground. During their work, workers can incur
cut injuries, skin irritations and infections. Since most of
the work takes place outdoors, street cleaners are exposed
to cold or heat, wind, and UV radiation, and exposure to
dust and particles, as well as ozone, carbon monoxide and
nitrogen oxides may occur. This can cause irritation not
only to the respiratory tract but also to the eyes. In ad-
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dition, street cleaners are faced with all the hazards of
working in traffic, and accident rates are high. All health
hazards and appropriate preventive measures are summa-
rized in Table 4.

In all cases, proper education and briefing should be pro-
vided to help street cleaners become aware of the hazards.
Appropriate communication, consideration and apprecia-
tion could reduce mental stress.

Closing remarks

Regardless of the improvements and regulations on
the effect side, it should not be forgotten that the burden
on the waste system and its employees also depends signif-
icantly on the total amount of waste. In the area of street
cleaners, the amount of improperly disposed waste also
plays a role. In this context, the introduction of disposable
containers and products has contributed to the amount of
street refuse. Thus, besides waste removal, regulations for
food industry (e.g., a limitation of disposable containers),
and the education of people to avoid waste in general and
on the streets, have gained high importance. In this re-
spect, behaviors with a low tendency towards responsible
environmental behaviors were identified [56]. As regards
reasons for street littering, Nkwocha [57] reported that
subjects littered the streets because of an absence of bins,
inefficiencies of local authorities, ignorance, weak legisla-
tion, anger, and stress. More responsible behaviors would
be desirable worldwide.
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