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Abstract

Although various rating systems have been developed to promote sustainable development in roadway construction, sustainability
evaluation from the perspective of safeguarding workers’ health is currently lacking. Three approaches were used in the study to
identify and prioritize key health hazards to workers in roadway construction, including bibliometric analysis, questionnaire survey
and analytic hierarchy process (AHP). Bibliometric analysis indicates that submicron particles and polycyclic aromatic compounds
are the primary concerns of researchers, and ergonomics also attracts some attention. A questionnaire survey was conducted among
construction workers in China. The results suggest that the most frequently encountered occupational disorders by roadway con-
struction workers are musculoskeletal disorders, heat stroke, respiratory health issues and hearing loss, and the most commonly
encountered hazards are noise, dust, asphalt fumes, heat stress and some adverse working conditions. Perceptions on associations
between the health hazards and disorders were obtained. Although there are some discrepancies between the AHP scores provided
by two groups of professionals in China, the commonly agreed top occupational hazards include dust, asphalt fumes, noise, high-
/low-temperature stresses and chronic injuries. The findings may be incorporated into rating systems for roadway construction to
encourage the industry to adopt better practices for the well-being of workers.
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1. Introduction
Various rating systems have been developed in the construction
industry to assess how built facilities in their life cycles are aligned
with sustainability principles. Notable examples are rating sys-
tems for green buildings, such as the Leadership in Energy and
Environmental Design (LEED) and Building Research Establish-
ment Environmental Assessment Method (BREEAM®) [1, 2]. In the
systems, comprehensive scoring schemes are developed to en-
courage the adoption of environmentally friendly and socially re-
sponsible building practices. Similar rating systems have been
developed for roadway construction projects. Examples include
Green Leadership in Transportation Environmental Sustainabil-
ity, Greenroads®, Illinois-Livable and Sustainable Transportation
Rating System and Guide (I-LASTTM) and the Infrastructure Vol-
untary Evaluation Sustainability Tool (INVEST) [3–6]. The rating
systems serve as important tools for guiding, assessing and pro-
moting sustainability in the construction industry.

It is recognized, however, that health and safety as an impor-
tant element in the social dimension of sustainability are often
neglected. A White Paper by the US National Institute for Occu-
pational Safety and Health (NIOSH) concluded that sustainable
construction practices are mainly involved in improving energy
efficiency and reducing construction wastes [7]. Even if the above-
mentioned rating systems contain some health elements, the ob-
jective of such elements is mainly focused on the health of facility
users instead of occupational health during the construction pro-
cess. Therefore, NIOSH believes that it is necessary to incorporate
occupational health in the evaluation tools. This suggestion has

prompted the United States Green Building Council to add a pilot
credit entitled ‘Prevention through Design’ to incorporate health
and safety considerations in LEED. Failure to include health and
safety components in project sustainability evaluation does not
well reflect the Sustainable Development Goals (SDGs) developed
by the United Nations either [8]. SDGs provide a common ground
on the interpretation of sustainable development among interna-
tional communities [9]. According to Goal 3 of the SDGs, the num-
ber of deaths and illness resulting from hazardous chemicals and
pollution should be substantially reduced by 2030. The construc-
tion sector employs a large number of workers and creates non-
negligible occupational hazards; hence improvements on health
and safety in construction would help achieve the SDGs.

Roadways are an important component of modern transport
systems. Every year, a large amount of financial resource is in-
vested in the new construction, rehabilitation and maintenance
of roadways. From 2010 to 2020, investment in road construction
in China increased from around 164 billion U.S dollars per year
to 347 billion U.S. dollars per year [10, 11]. By the end of 2020, the
total length of the roadway network in China had reached about
5,200,000 km, including 161,000 km of highways [10, 12]. In the
USA, around 100 billion U.S. dollars were spent by the public sec-
tor on roadway construction in 2019 [13]. The roadway construc-
tion industry also employs a large number of workers. Statistics
on the exact number of workers involved in roadway construc-
tion are hard to find in China. In the US, nearly 150,000 workers
were employed in 2020 for roadway maintenance work alone [14],
while the number of workers for new construction and rehabili-
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Fig. 1. The methodological framework.

tation is hard to estimate because they may also simultaneously
participate in other types of heavy construction works. Roadway
construction has unique characteristics that lead to some spe-
cial health concerns. For instance, the majority of paved roads
need to be constructed at high temperatures, which leads to the
high emission of organic compounds and aerosols from asphalt
paving materials. Construction workers are inevitably exposed to
such emissions. Their health, however, is currently not included in
project life-cycle assessment tools for roadway construction. It is
also noted that roadway construction technologies are quite sim-
ilar around the world, including construction materials, equip-
ment and procedures. Therefore, potential health hazards faced
by workers in one geographical context are likely to be faced by
workers in other places, except for those related to climate and
altitude.

This study aims to identify and prioritize key occupational
health hazards during roadway construction so that such hazards
can be considered in assessing the overall sustainability of road-
way construction projects. In addition, it is anticipated that the
research will help the industry better recognize those hazards and
develop more socially responsible production practices to protect
the well-being of roadway construction workers. The main re-
search components, including a questionnaire survey and evalu-
ation of health factors by professionals, took place in China, while
literature review involved academic studies conducted worldwide
on the relevant topics.

2. Methods
Three approaches were used in the study. First, bibliometric anal-
ysis was performed to assist a systematic review on existing stud-
ies. The purpose of bibliometric analysis is to identify existing rele-
vant research topics and findings from academics. Second, ques-
tionnaire surveys were conducted among roadway construction

practitioners in China. The purpose of questionnaire survey is to
obtain first-hand experiences and perceptions from the practi-
tioners. Third, the relative importance of possible harmful factors,
which were obtained from the previous two research components,
was evaluated by construction managers and health professionals
in China based on the analytic hierarchy process (AHP) method.
The purpose is to consolidate the research findings and priori-
tize the identified hazards. The research methodology is shown
in Fig. 1 and explained as follows.

2.1 Bibliometric analysis
Bibliometric analysis was conducted to analyse existing research
on occupational health hazards related to roadway construction.
Different to a haphazard literature review, bibliometric analysis is
a systematic and rigorous approach to mapping a specific knowl-
edge domain from existing literature. A key component of biblio-
metric analysis is citation analysis, based on which one can ob-
tain information such as time series and geographical distribu-
tions of published documents on a specific topic, interrelation-
ships among the documents, and the popularity and impacts of
the publications [15, 16]. Particular questions concerned in this
study include the following. (1) What harmful factors in roadway
construction are commonly concerned and researched? (2) Can
the existing research be grouped into major topical themes based
on their similarities and connections?

Although there are a variety of publications, the focus was
placed on published articles indexed by Web of Science (WOS) and
Scopus® because citation analysis can be conveniently performed
on such documents. When retrieving data from existing literature,
an important issue is to properly handle precision (retrieval rele-
vance) and recall (retrieval completeness) [17]. A four-step back-
ward search strategy, proposed for improving both precision and
recall simultaneously [18, 19], was adopted in this study. The de-
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Table 1. The list of occupational hazards included in the survey

Possible occupational hazard Abbreviation

Asphalt fumes AF
Acute injuries AI
Cumulative injuries CI
Dust Dust
High-temperature stress HS
Work in a humid environment HU
Low-temperature stress LS
Nightshift construction NC
Noise Noise
Rainy-day construction RC
Work at high altitude WA
Work-related fatigue WRF
Work in underground tunnel/culvert WTC

tailed search process is presented in the Appendix. At the end of
the search process, a total of 179 articles were retrieved.

Not all papers obtained from the search are closely related to
this study. Therefore, the papers were further manually screened,
based on the principle that the main content of the paper should
be focused on occupational health hazards in roadway construc-
tion. Those dealing with work-zone safety, legislation issues, etc.
were not considered. As a result of further refinement, a total of
66 papers were finally selected for detailed analysis.

The software Citespace was adopted for analysing the data and
visualizing the results [20], through which the associations among
relevant publication indexing terms were identified [21]. The soft-
ware can help plot nodes and their connections.

The nodes represent individual articles’ descriptors that can be
automatically classified; the size of nodes represents their relative
importance, and the links among nodes indicate their relation-
ships. Moreover, based on the associations of the nodes, key re-
search concepts can be clustered in groups. The groups may intu-
itively indicate a ‘distinct specialty’ or a ‘thematic concentration’
[22]. Such information is useful for understanding the literature
landscape concerning a particular topic.

One of the major methods in bibliometric analysis is to con-
stitute an intellectual base by co-citation network [23, 24]. Co-
citation is a process in which two publications are cited together
in a new document [25, 26]. Through co-citation, published docu-
ments are linked together, similar to the co-occurrence of words
[27, 28]. The analysis of co-citations enables researchers to iden-
tify connections between publications, cluster the research ar-
eas and identify ‘research foci’ [29–31]. By calculating the rela-
tionships and network attributes, Citespace can group and visu-
alize the co-citation network. Moreover, Citespace can automat-
ically create a label for each cluster, based on the phrases ex-
tracted from the titles, keywords and abstracts of the cited papers
[20]. This label reveals the nature of the closely related research
areas, potentially serving as keywords for the concerned health
issues.

While the co-citation network maps research density areas
based on jointly cited publications, the co-word network is an-
other commonly used method in bibliometric analysis which
deals with ‘the patterns of word usage’ to map the semantic struc-
ture of a field and facilitate the cognitive understating of such
an area [31–35]. Co-word network reveals the co-occurrence of
key terms (words) across different publications. Co-word analy-
sis can identify the network of key concepts by extracting those
frequently used terms and elucidate their interactions [21, 35–37].

Table 2. The list of occupational disorders in the survey

Possible occupational disorder Abbreviation

Acne Ac
Altitude sickness AS
Asthma Asth
Cataract Cat
Chemical eye burns CEB
Chemical skin burns CSB
Chest congestion CC
Dry cough DC
Frostbite Frost
Hearing loss HL
Heat stroke HSk
Melanosis Mel
Musculoskeletal disorders MSDs
Ophthalmia Oph
Other respiratory diseases ORD
Pneumoconiosis Pneu
Silicosis Sil
Skin inflammation SI
Skin ulcers SU
Vitiligo Vit

2.2 Questionnaire Survey
To obtain direct responses from practitioners, a questionnaire sur-
vey was conducted among roadway construction workers. Besides
collecting basic information from the respondents, the survey
questionnaire was designed to obtain two types of information:
(1) what occupational hazards are of most concern to the work-
ers and (2) to what extent they believe those factors affect their
health, or occupational disorders. A list of occupational hazards
was developed for the respondents to consider (Table 1). Some
items on the list were obtained from the bibliometric analysis
and the others were taken from the occupational health hazard
classification developed by a government agency [38]. In view of
the special characteristics of roadway construction, five work sce-
narios that may affect workers’ health were also included after
consulting with industry professionals, including nightshift con-
struction, rainy-day construction, work in underground tunnels
and culverts, work in humid environments and work at high al-
titude. In addition, work-related fatigue, a frequently discussed
physiological state in literature, was also added [39–41].

A list of occupational disorders were also developed and in-
cluded in the survey. The purpose of the disorder list is to: (1) un-
derstand the general health state of the survey respondent and
(2) facilitate the respondents to identify possible perceived rela-
tionships between the occupational hazards and disorders. The
preliminary list of disorders was selected from the Chinese Clas-
sification and Catalog of Occupational Disease [42]. The prelimi-
nary list was sent to five experts for refinement: two consultants
from an occupational health and safety agency, two medical doc-
tors and an academic staff member specializing in public health.
After the refinement, a total of 20 disorders were finally included
in the questionnaire, as shown in Table 2.

It is noted that the relationships identified by the workers are
‘perceived’ risks, not actual risks. Because the occupational disor-
ders may be affected by many confounding factors, extensive co-
hort studies would be requested to identify even one causal rela-
tionship between the disorder and hazard. For instance, in asphalt
fume studies, it is not uncommon that researchers may take 10 or
more years to trace the specific construction workers’ groups [43,
44]. The large number of combinations of disorders and hazards
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Fig. 2. Co-citation network generated by Citespace.

would require a significant amount of time and resources for this
kind of investigation. This study is focused on workers’ percep-
tions on health hazards. Perception-based studies are often used
in health research. For instance, Meni et al. [45] examined the cor-
relation between heart disease and self-perceived causes; White
et al. [46] investigated the self-reported causes among people who
suffer chronic fatigue syndrome.

2.3. Assessment from construction managers
and health professionals

While the perceived health hazards from workers were obtained
from the questionnaire survey, further assessment from man-
agers and health professionals were collected based on a more de-
tailed analysis tool—the AHP analysis, a widely used method for
formulating and aiding decision-making [47–49]. The AHP anal-
ysis can generate numerical weights or indicators through pair-
wise comparisons based on experts’ judgements [50, 51]. System-
atic pair-wise comparison and consistency check have the advan-
tage of obtaining more logic and consistent judgements. With the
assistance of this scoring system, the occupational health risks
could be assessed and quantified. For instances, Yeo et al. [52] as-
sess health hazards in the production of printed paper packages.
Arslan [53] identifies and prioritizes the health and safety hazards
during chemical cargo operations.

3. Results and discussion
3.1 Results from bibliometric analysis
3.1.1 Co-citation network
The generated co-citation network is presented in Fig. 2. Sev-
eral findings can be made from the co-citation network. First,
the largest cluster is ‘submicron particle monitoring’, followed by
‘polycyclic aromatic compound’ (PAC). This indicates that the pre-
dominant health issues concerned by researchers are exposure to
particulate matters, especially organic particulate matters in as-
phalt fumes. Second, the links between the clusters suggest that
existing studies on particulate matters are closely related to PAC,
and the studies on PAC are laboratory-based. Conversely, studies

on ‘asphalt paving worker’ is more independent. The findings sug-
gest that studies on particulate matters containing PAC are con-
ducted more frequently in the laboratories than in the field. Third,
a further analysis of the cluster ‘asphalt paving worker’ suggests
that the cited publications focus on possible illness caused by haz-
ards, including possibly increased lung cancer mortality risk [54],
lung function and symptoms associated with asphalt fumes and
working conditions [55].

3.1.2. Co-word network
Standardization was manually conducted before co-word analy-
sis because Citespace cannot automatically handle the same con-
cept with different acronyms or abbreviations [56]. For example,
the acronym PAHs is often used exchangeable with other terms,
including polycyclic aromatic hydrocarbons, polycyclic aromatic
compounds and polycyclic aromatic hydrocarbons – PAHs. Road-
way construction workers are sometimes also expressed as road-
way asphalt paving crew, asphalt paving workers, construction
workers, construction worker, hot-mix asphalt paving operators,
paving workers, etc.

The co-word network is presented in Fig. 3. Three agglomer-
ations can be easily detected from the network: (1) exposure of
roadway construction workers to asphalt fumes, (2) exposure to
silica and (3) ergonomics. As compared with the co-citation net-
work, the co-word network reveals two additional health concerns
by researchers: silica dust and ergonomics. Because the size of the
clusters indicates the frequency of the keywords and the size of
the nodes indicates the strength of their associations, it is obvious
that asphalt fumes and silica dust attract more attention than er-
gonomics. Within each cluster, the co-word network also shows
how the key terms are connected. For instance, the largest cluster
demonstrates that PAHs is the main concern for inhalation expo-
sure of hot-mix asphalt construction workers.

In summary, the co-citation network analysis generates four
major clusters: (1) submicron particle monitoring, (2) polycyclic
aromatic compound, (3) laboratory study and (4) asphalt paving
workers. The result suggests that submicron particles and PACs
(through inhalation of asphalt fumes and/or dermal exposure to
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Fig. 3. Co-word network generated by Citespace.

asphalt materials) are the primary concerns, which are currently
mainly assessed through laboratory studies. The main suscepti-
ble group is asphalt paving workers. The co-word network anal-
ysis produces three agglomerations: (1) inhalation exposure to
asphalt fumes and dermal exposure to asphalt, (2) exposure to
silica-containing dust and (3) ergonomics.

3.2 Perception of health hazards by roadway
construction workers

The questionnaire survey was conducted among on-site workers
from 13 roadway construction projects in Mainland China in 2017.
A total of 166 valid responses were obtained. The mean age of
the respondents is 33 years with a standard deviation of 7 years.
About 80% of on-site workers are male. The mean weight of male
workers is 64.9 kg with a standard deviation of 9.5 kg. For female
workers, the mean weight is 54.1 kg with a standard deviation of
9.4 kg. As compared with the average weight of Chinese residents
[57]—male 66.2 kg and female 57.3 kg—the average weights of
the respondents are less. The smoking and drinking habits of the
workers were also surveyed. Three choices were provided to the
subjects: an active smoker, never being a smoker and having quit
smoking. Drinking behaviours were questioned in the same man-
ner. The results show that nearly 30% (N = 46/166) of workers are
active smokers, and about 27% (N = 44/166) are active drinkers.
Approximately 17% of the workers quit smoking and about 10%
quit drinking. About 56% of the respondents never smoked and
about 60% never drank alcohol. The drinking and smoking be-
haviours affect the health conditions of the workers, making it
difficult to separate actual health 253 problems due to occupa-
tional hazards [58–60].

Fig. 4 displays the frequency plot of occupational disorders self-
reported by the respondents. Approximately 55% of the workers
reported that they suffered from the MSDs and about 30% had
experience of heat stroke. These two frequently reported disor-
ders are followed by dry cough, asthma and chest congestion, all
of which belong to respiratory health issues. Other disorders such

as hearing loss are reported less frequently. Five types of disorders,
including altitude sickness, cataract, ophthalmia, skin inflamma-
tion and skin ulcers, were not reported by any worker.

The encountered occupational hazards by the roadway con-
struction workers are summarized and presented in Fig. 5. The
most frequently encountered hazard is noise (some 50%), followed
by dust (about 36%) and asphalt fumes (about 20%). Heat stress
(about 18%) is also frequently experienced by the workers, likely
to be associated with hot-mix asphalt pavement construction.
About 15% of the workers had nightshift construction and up to
approximately 13% experienced working in a rainy environment.
The least experienced occupational hazards include cumulative
injuries, working at plateaus and acute injuries.

The overall associations between occupational disorders and
health hazards, as perceived by the workers, are summarized and
presented in Fig. 6. The figure shows the strength of associations
between occupational disorders and health hazards as perceived
by the respondents. Some of the associations are straightforward
because the workers only pointed out one contributory source.
For instance, frostbite is caused by low-temperature stress, heat
stroke is caused by high-temperature stress, altitude sickness is
caused by working at high altitude and hearing loss is caused by
noise. Some disorders are believed to be associated with multiple
hazards. For instance, occupation-related dry cough is believed to
be related to asphalt fumes, dust and to a lesser extent a few other
factors.

Fig. 6 also reveals some information on the degree of concern
about the disorders or hazards, manifested in the length of the
segments in the circle. MSDs are not only related to several haz-
ards, but the strengths of the associations are also strong. This
implies that the workers are concerned about MSDs as well as
the contributory factors. Conversely, asphalt fumes and dust are
strongly associated with a variety of disorders, indicating that
these two hazards are of more concern to the workers.

To more clearly show the perceived associations, the occupa-
tional hazards are also divided into three groups (hazardous ex-
posure, physiological states and work scenarios) and presented
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Fig. 4. Frequency of reported occupational disorders by workers.

Fig. 5. Frequency of encountered occupational hazards by workers.

separately in Figs. 7-9. The color and size of the nodes indicate
the strengths of associations perceived by the workers. Fig. 7 indi-
cates that asphalt fumes and dust equally contribute to a variety
of respiratory disorders. Heat stress is believed to cause not only
heat stroke but also MSDs, indicating that hot environments af-
fect workers’ feeling about the overall fitness of their bodies.

Fig. 8 demonstrates the perceived relationships between three
physiological states (acute injuries, cumulative injuries and work-
related fatigue) and a variety of disorders. All three hazards are
closely related to MSDs. To a lesser extent, work-related fatigue is
also related to several respiratory disorders. The workers may feel
that such disorders may be aggravated by work-related fatigue,
or such disorders further cause work-related fatigue. It is noted
that work-related fatigue has received wide attention in several
other industries. For instance, the aviation industry takes such
a problem quite seriously [61, 62] and has developed a manage-
ment model for evaluating and managing work-related fatigue
[63, 64].

Fig. 9 shows the relationships between the perceived occupa-
tional disorders and special work scenarios, including work in
a humidity environment, nightshift construction, rainy-day con-
struction, work at high altitude and work in underground tun-
nels/culverts. The responses suggest that these work scenarios
are associated with MSDs. The workers believe that the stressful
and unpleasant environment may at least partially contribute to
MSDs. In addition, working at high altitude and in underground
environments is also believed to contribute to a variety of respira-
tory disorders. Existing studies also suggest adverse working en-
vironments such as humidity undermine workers’ performance
and health condition [65–68].

3.3 Prioritization of hazards by professionals
The hierarchical framework of the AHP is shown in Fig. 10, which
includes the overall goal, criteria and sub-criteria. The overall
goal is to prioritize key health issues in roadway construction,
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Fig. 6. Holistic perception of on-site roadway construction workers.

Fig. 7. Perception of occupational disorders due to hazardous exposures.

which are classified into three groups (criteria): construction-
related environmental factors, hazardous exposures and physi-
ological states. Under the criteria are the specific hazards (sub-
criteria) for which the respondents were asked to make pair-wise
comparisons and numerically assess their relative importance
with the consideration of both occurrence frequency and conse-
quence.

Eight sub-criteria are included in the AHP framework. Both
‘hazardous exposure’ and ‘physiological states’ contain three sub-
criteria, and ’special work scenarios’ contain two sub-criteria.

Obviously, asphalt fumes (AF) and dust should be included un-
der ‘hazardous exposure’, not only because both of these hazards
can be directly observed on the co-words network, but also be-
cause they are frequently mentioned in the results of the on-site
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Fig. 8. Perception of occupational disorders due to physiological states.

Fig. 9. Perception of the associations between occupational disorders and special work scenarios.

Fig. 10. The framework of AHP for prioritizing health risk factors.
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Fig. 11. Prioritization and ranking of the health hazards by (a) groups of construction professional and CDC experts; (b) their overall evaluation.

workers’ survey. Additionally, the results of surveys also reveal
another sub-criterion of hazardous exposure—noise. It is known
that noise-induced hearing loss is widely considered as a health
risk globally [69–71]. Researchers from the World Health Organi-
zation and other institutions conclude that hearing loss is pri-
marily attributed to occupational exposure to noise [66–68, 72].
Therefore, this hazard is also included in the group of hazardous
exposure.

The sub-criteria under ‘special working scenarios’ are derived
from the survey results. Based on the perceptions and experi-
ences of on-site workers, work in a humid environment (HU), high-
temperature stress (HS), low-temperature stress (LS) and work at
high altitude are the major occupational hazards that potentially
undermine their physical health. There are some special guide-
lines for working at high altitude and it is not commonly encoun-
tered; therefore, this hazard is not selected as a sub-criterion.
Due to their similar nature, high-temperature stress and low-
temperature stress are grouped into one sub-criterion.

‘Physiological states’ contains acute injuries (AI), cumulative
injuries (CI) and work-related fatigue (WRF). Both AI and CI are ob-
tained from the co-words network under ergonomics [73, 74] and
they are also frequently mentioned in the survey. WRF is selected
because it is selected by the surveyed workers and is also consid-
ered as one of the key occupational hazards in other construction
jobs, including work from height and the oil and gas construction
industry [39, 75].

Professional construction managers and public health profes-
sionals were asked to prioritize the health hazards using the AHP
technique. The group consists of 10 construction managers and
15 experts mainly from a Center for Disease Control and Preven-
tion (CDC) in Mainland China. Each member was asked to conduct
pair-wise comparisons on the eight hazards and provide a numer-
ical rating to the ‘more concerned’ factor for each pair based on
the standard AHP rating scale. The degree of concern should re-
flect both the occurrence likelihood and health implications of the
hazards. Computation of the weightings was performed by the au-
thors, in addition to checking for consistency ratio. Responses with
a consistency ratio larger than the recommended thresholds were
not included in the final consolidated results [76]. Fianlly, 6 of 10
respondents in the construction manager group and 9 of 15 re-
spondents in the CDC expert group achieved the required consis-
tency. The valid rank scores were averaged to represent the per-
ceptions of the construction managers and health professionals,
as shown in Fig. 11.

Collectively, construction managers assigned the highest
weight of 27% to dust, followed by asphalt fumes (22.6%) and cu-
mulative injuries (12.6%). Construction managers apparently be-
lieve that reductions in dust and asphalt fumes are the most crit-
ical for enhancing workers’ occupational health. The top three
hazards are followed by heat/low-temperature stress (11.9%) and
noise (8.6%). Acute injuries, work-related fatigue and work in a
humid environment recorded weighted scores of 7.5%, 5.4%, and
4.3%, respectively. It is noteworthy that high-/low-temperature
stresses have a weighted score of 11.9%, indicating that this is-
sue arouses much attention from construction managers. How-
ever, publications on this issue are relatively rare.

Experts in CDC also perceived that dust (29.2%) and asphalt
fumes (31%) are the occupational hazards of most concern for
roadway construction workers, although asphalt fumes are as-
signed a slightly higher priority. They also assigned a relatively
higher weight to noise (15.8%). Despite the difference in order,
the top five occupational hazards rated by the construction man-
agers and health professionals are the same. They include dust,
asphalt fumes, noise, high-/low-temperature stresses and chronic
injuries.

The average scores from the two groups are also presented in
Fig. 11. It is apparent that dust and asphalt fumes are the most
concerning occupational hazards, immediately followed by noise.
chronic injuries, high-/low-temperature stresses, acute injuries,
work-related fatigue, and humidity have weights of 8.4%, 8.2%,
5.9%, 4.4% and 3.5%, respectively.

4 Summary and conclusions
Roadway construction is an important sector of the construction
industry and employs a large number of workers. The construc-
tion industry has developed and adopted various rating systems
to advocate sustainable construction practices. However, the
health and safety of construction workers—an important ele-
ment in sustainability—are often neglected. This research used
three methods to identify and prioritize key occupational health
hazards during roadway construction. First, bibliometric analysis
was performed to symmetrically analyse existing relevant re-
search topics and findings from academics. Second, questionnaire
surveys were conducted among roadway construction workers
to obtain their first-hand experiences and perceptions. Third,
the relative importance of hazardous factors was evaluated by
construction managers and health professionals based on the
AHP approach.
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Bibliometric analysis indicates that submicron particles (dust)
and PACs (through inhalation of asphalt fumes and/or dermal ex-
posure to asphalt materials) are the primary concerns, and the
main group susceptible is asphalt paving workers. In addition, er-
gonomics also attracts attention from researchers.

Survey results suggest that the most frequently encountered
occupational disorders by roadway construction workers are
MSDs, heat stroke, respiratory health issues and hearing loss.
The most commonly encountered health hazards are noise, dust,
asphalt fumes, hot-temperature stress and some adverse work-
ing conditions. Perceptions on possible associations between the
health hazards and disorders were also obtained, providing more
comprehensive information on the health factors of most concern
to the workers.

Although there are some discrepancies between the AHP
weight scores provided by construction managers and health pro-
fessionals, they commonly agree that dust, asphalt fumes, noise,
high-/low-temperature stresses and chronic injuries are the top
occupational hazards encountered by workers.

Results from the three research methods all lead to some com-
monly concerning health issues in roadway construction, includ-
ing inhalable organic/inorganic particles and MSDs that are likely
related to ergonomics. On the other hand, there are some different
emphases for different groups. In particular, construction workers
are more concerned with noise and temperature-related stresses
that are not widely discussed in literature. Such research gaps
call for attention from academia. In addition, the type and pri-
ority of health hazards identified in this study may be incorpo-
rated in rating systems for assessing the overall sustainability of
roadway construction projects in the future. It is also anticipated
that the research will help the industry recognize those health
hazards and develop better practices to address those specific
concerns.

Supplementary data
Supplementary data is available at Transportation Safety and Envir
onment online.
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Appendix:
A four-step backward search strategy, proposed for improving
both precision and recall simultaneously [18, 19], was adopted in
this study.

In step 1, search was conducted in two comprehensive
databases—Scopus and WOS—for tentatively identifying the re-
sults of the relevant subject published in mainly peer-referred
journals. The used query was TS = ((((‘occupational’) AND
(((‘health’) OR (‘hazard∗’) OR (‘disease∗’)))) OR (‘industrial hy-
giene’)) AND (((‘highway∗’) OR (‘road∗’) OR (‘pavement∗’)) AND
(‘construct∗’))).

In step 2, titles, keywords and abstracts were scanned for iden-
tifying the synonyms for the word ‘occupational health’. For in-
stance, it was found that NIOSH uses several words such as ‘occu-
pational exposure’, ‘occupational illness’, or ‘occupational injury’
as synonyms [77, 78]. Other synonyms include the term ‘health’,
‘disease’, ‘illness’, ‘sickness’, ‘exposure’, and ‘injury’ prefixed with
the word ‘industrial’. The purpose of this step is to expand the
keyword list for new search to further improve the Precision and
Recall.

In step 3, renewed search was performed, using the query TS =
(((((‘occupational’) OR (‘industrial’)) AND (((‘health’) OR (‘disease∗’)
OR (‘exposure∗’) OR (‘ill∗’) OR (‘injur∗’) OR (‘hygiene’)))) OR (((‘occu-
pational’) AND (‘hazard∗’)) OR ((‘industrial’) AND (‘sick∗’)))) AND
(((‘highway∗’) OR (‘road∗’) OR (‘pavement∗’)) AND (‘construct∗’))).
For WOS, the reference settings were restricted in Science Citation

Index (SCI) Expanded and Social Science Citation Index (SSCI). A
total of 252 and 57 publications were obtained after this step.

In step 4, the citation indices were imported into the software
Endnote® for removing duplications. Book sections, conference
proceedings and serials were also removed. After this selection,
a total of 229 articles were retained. Based on the titles and DOIs
of all the papers, another de-duplication was processed manually.
At the end of the step, a total of 179 articles were retrieved.
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