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Construction-related ill health, including respiratory conditions, hand−arm vibration syndrome, musculoskeletal
disorders and stress-related issues, has enormous personal and financial cost. Following research on major construction
projects, a range of interventions are proposed in this paper, illustrated by examples from the Thames Tideway Tunnel
project in London, UK. A consistent approach to occupational health management and health surveillance is needed
across construction, with a commitment to better training and improved portability of occupational health data. Major
projects are critical to raising health management standards, but good practices need to be universally adopted in
small- to medium-sized enterprises to achieve lasting improvement.

1. Introduction

but the real number of cases is uncertain due to poor-quality data
and incomplete diagnoses (Stocks et al., 2015).
In work reported elsewhere, Jones et al. (2019) used 237
interviews and 120 meeting observations on two major
construction projects to examine the practical reasons why health
risk is difficult to manage. The following factors were identified.

An often-quoted statistic is that for each worker who dies
from a construction-related accident in the UK, a further 100
die due to work-related ill health. Many fatalities relate to past
exposures, particularly to asbestos, and this figure is unlikely
to fall for many years due to the long latency of the associated
conditions. However, the construction workforce also continues
to suffer substantial harm from current exposures to workplace
hazards, which are proving resistant to improvement. For example,
neither musculoskeletal disorders nor work-related mental health
conditions have fallen substantially in prevalence since 2001
(HSE, 2018). An Institution of Civil Engineers report in 2018 found
that musculoskeletal disorders and mental ill health together cost the
sector’s employers over £600 million each year (Gibb et al., 2018).
The incidence of other conditions such as noise-induced hearing
loss, dermatitis and asthma appears to have fallen in recent years,

‘Health’ is typically a broader construct than ‘safety’ and often
includes worker health external to the workplace; an overfocus on lifestyle can distract from the management of workrelated hazards.
■■ Health risks can be misjudged: the hazards and the diseases
they cause are less visible than safety issues. They are also
misjudged due to inadequate knowledge. Additionally,
individual workers and organisations can become resigned
to health risks, perceiving them as unavoidable (Figures 1
and 2).

Figure 1. Materials handling and poor postures in construction
can increase the risk of musculoskeletal disorders

Figure 2. Workers may underestimate the risks from hazards such
as dust and vibration or consider them to be unavoidable
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Occupational health is on the periphery for some safety
practitioners, seen as the role of ‘other’ experts. It can be even
further removed for managers.
■■ There is poor understanding regarding the requirements for
health surveillance and other health checks.
■■ There are few perceived benefits for employers who pay for
occupational health services and maintaining long-term health
records for a fragmented workforce is challenging.

the managers who carry the responsibility (e.g. Choudhry et al.,
2008). This does not happen consistently with the management of
health risks, nor do health and safety professionals always have the
expertise to provide support. Possible reasons for this discrepancy
include inadequate knowledge, reluctance of managers and health
and safety professionals to get involved in issues which are seen
as ‘personal’, or distraction by involvement in more general health
and well-being matters.
Figure 4 shows who might be involved in different aspects of
workplace health. This includes the health of individual workers, and
the broader well-being of the workforce as well as the management
of health risks. The figure shows ownership of and accountability
for health risk management as a core responsibility of line managers
and supervisors, and that health and safety professionals need to
give equal attention to health risks and safety risks.
If managers are to accept ownership for health risks, they need to
be supported by knowledgeable health and safety practitioners, who
are in turn supported by those with a particular expertise in health,
such as occupational hygienists and occupational health nurses and
advisers. The management of dust or vibration, for example, is no
different from the management of confined spaces or fire safety,
where an expert might be involved in planning but responsibility for
implementation would be retained by line management.
Occupational hygienists are a relatively recent addition to the
UK construction sector. A team was employed on the London 2012
Olympic Park construction and their involvement is mandated
on the Tideway project, but only two or three large construction

■■

This paper proposes ways in which individual companies
and projects, and the sector more widely, could address these
challenges (see Figure 3). Specific examples are given to illustrate
how this might work in practice. These are largely drawn from the
construction of the Thames Tideway Tunnel, a £4 billion project to
construct a 25 km long, 7·5 m dia. sewer under the River Thames
(see Fuller et al. (2017) for further details). This is not a paper about
Tideway, rather the examples have been chosen to demonstrate the
possible scope of interventions and to highlight the role that major
projects can play in driving improvement in occupational health
management throughout the sector.

2. Ownership and management of health
In recent years, construction safety management has
increasingly become incorporated into project management:
health and safety professionals have an advisory role, supporting
Barriers to good
management of health
Conceptualisation
of ‘health’
• Broad view of ‘health’
• Focus on personal health
and well-being
• Distraction from
management of health
risks

Perception and
tolerance of risks

Ownership
of health

• Invisibility of disease
• Invisibility of hazard
• Incomplete knowledge of
workers
• Tolerance of risk,
individually and
organisationally
• Health risks versus safety
risks

• Tendency to outsource to
‘experts’
• Incomplete knowledge of
line managers
• Incomplete knowledge of
health and safety
professionals

Lack of clarity over
health requirements

Impact of
industry shape

• Lack of knowledge about
health requirements
• Lack of clarity about health
requirements

• Costs of health assessment
• Fragmented workforce
• Lack of consistency across
projects
• Negative impact on
individual workers of health
assessment
• Poor management of
worker health data

Practical
measures
Ownership and
management of health
• Ownership of health
by managers
• Ownership of health
by health and safety
professionals
• Expert input

Improved education
and training
• Increased health
content in professional
health and safety
training
• Improved worker
training on health
tasks
• Health experts to
support learning of
health and safety
professionals and
managers

Raising visibility
of health
• Development of
metrics for health
• Parity of health and
safety on
management
dashboards
• Increased visibility of
hazards through the
use of wearable
technologies

Practices on
major projects
• Focus on developing
good supply chain
behaviours
• Parity of health and
safety at
prequalification

Figure 3. Overview of recommended measures to improve management of health risks
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Hierarchy
of control
• Increased focus on
design for health
• Reduced reliance on
personal protective
equipment

Industry standards
for occupational health
• Clarity and standards
for health assessments
and health surveillance
• Improved portability of
health care
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Fitness
for work

Occupational
health nurse
and advisor
role

Managing
health risks
at work

Health and
safety practitioner
role

Well-being
and fitness
for life
Occupational
hygienist role

Always
Sometimes

Figure 4. Allocation of responsibilities for different aspects of health

companies currently employ a hygienist in-house. Increasing
the availability of this expertise across the industry is important
but will be challenging given a national shortfall of hygienists
across all sectors in the UK (CWH, 2014), with similar shortages
of occupational health advisers, nurses and doctors (Raynal,
2015). This scarcity of specialists makes it even more important
that managers and health and safety professionals have a sound
understanding of health risks.
As proposed in Figure 4, responsibility for well-being should
be removed from the remit of health and safety professionals.
This would reduce the risk of such activities distracting from
management of work-related health risks. Positioning well-being
instead within human resources, for example, aligns it with other
organisational policies which influence worker health. A recent
paper on well-being published by the British Safety Council
identifies health-promotion activities as one small part of wellbeing, with a far greater influence coming from organisational
practices such as leadership, manager skills and corporate social
responsibility (BSC, 2018).
Organisations that do wish to become involved in healthpromotion activities could engage a wide range of specialists
including physiologists, psychologists, nutritionists and dentists.

3. Improved education, training and
information
The research described in the work by Jones et al. (2019)
found evidence of incomplete knowledge about health risks and
how to manage them among some managers, health and safety
professionals and front-line workers. Increased education is needed
at all levels.
Health is typically underplayed in most formal ‘health and
safety’ training; for example, the National Examination Board in
Occupational Safety and Health (Nebosh) Construction Certificate,
the entry-level qualification for a health and safety practitioner
in most small- to medium-sized projects or companies in the UK,
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includes only 5 h training to cover multiple health subjects (radiation,
noise, vibration and stress). More traditional safety topics such as fire
and working at height, however, are allocated 6−7 h each within the
course structure. Shifting this balance would improve health skills
and raise the profile. In the meantime, short courses are available
through the UK Institution of Occupational Safety and Health and
British Occupational Hygiene Society, suitable for those working at
supervisor level or above, and could be a starting point for health and
safety professionals to develop their expertise.
Further training is also needed for front-line workers. Training
needs to compensate for the low visibility of health hazards.
For example, it can be difficult for workers to identify when
noise is at a level which necessitates hearing protection or other
intervention; and respirable dust is often invisible, leading workers
to underestimate its significance. Additionally, the long latency of
many health conditions means that damage may only be apparent
after many years, so trainers need to find ways to help workers
fully understand the impact.
By way of example, practical steps taken on the Tideway project
to increase the knowledge of workers and managers include the
following.
■■

■■

■■

■■

■■

■■
■■

Occupational hygienists are engaged by all the main contractors
as a requirement of the works information. A key part of their
role has been to improve the understanding of others about
health risks and how to manage them.
‘Essential standards’ have been produced for the main hazards,
these describe the hazard and the control measures typically
required. They include examples of activities which commonly
present low, medium and high risk and guidance on when
specialist advice is required.
Training sessions are provided for project managers, engineers,
supervisors and others who contribute to risk assessments.
These again focus on practical control measures.
One-to-one coaching: to enhance training, hygienists spend
time with individuals and provide specific support – for
example, to give feedback on risk assessment and method
statements or to guide assessors through an inspection.
The Luskins interactive training tools have been used (Gibb
et al., 2015) to simulate dermatitis, hand−arm vibration
syndrome and back pain to enable workers to experience the
longer-term impact of health conditions in the present (Figure 5).
A bespoke card game has engaged workers by comparing the
typical sound levels of household and work activities (Figure 6).
Job-specific training and targeted toolbox talks have been
delivered at the point of work – for example, discussing the
impact of wood dust for carpenters.

4. Raising the visibility of health
Good training can help workers and managers recognise health
hazards and improve their understanding of control measures.
Intervention from specialists to quantify hazards such as vibration
and dust can also raise their visibility, making them more tangible
and giving managers and workers ‘permission’ to address them.
Personal dose meters and wearable technologies are even more
engaging. They can also be used to demonstrate the effectiveness
of control measures.
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Figure 5. The Luskins are simulations used to help workers appreciate the impact of work-related hazards

For health risks to be managed successfully, their prominence
must also be raised at an organisational level. Safety metrics
and key performance indicators are used in construction to
measure health and safety and generate information to share
with senior decision makers. Inclusion of this information on
dashboards for management teams positions safety alongside
other priorities such as productivity, progress and cost, and has
become the norm on most major projects. Health metrics also
need to be included here to encourage senior managers to take
ownership.
For example, the health impact frequency rate (HIFR) was
a measure developed during construction of London 2012
(Tyers and Hicks, 2012). An occupational hygienist visited
each site weekly for 2 h and documented failures of health risk
management, such as excessive dust or workers not wearing the
recommended personal protective equipment. Sites were scored
on their health risk management and comparisons could be drawn
between different projects or sites.
Building on the London 2012 HIFR, the Tideway project has
developed an occupational health index (OHI) tool for measuring
health risk management. It is modelled on the Finnish TR
system, a validated methodology for monitoring safety (Laitinen
et al., 1999).
An assessor counts examples of good and poor practices on site,
using a standard score sheet. The target is to record 100 practices,
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Figure 6. A card-based training game was developed to teach
workers about typical noise levels

but this is not essential. Good practices might include, for example,
use of water suppression or acoustic barriers. Poor practices will
include uncontrolled risks and workers without adequate personal
protective equipment. A score is calculated showing the good
practices as a percentage of the overall.

Scores can be used to highlight health risks or work areas where
intervention is needed. For example, the tool has identified poor
use of hearing protection and an intervention was developed to
tackle this.
A health-and-safety performance indicator has been set for the
OHI that measures the quality of the inspection, encouraging site
teams to focus on trends and improvements rather than only on
individual scores. Outcomes from the OHI are included on senior
management dashboards (see Figure 7).
Assessment was originally conducted by the occupational
hygienists to establish a baseline, but responsibility for inspection was
subsequently handed over to site managers. Coaching and mentoring
were provided by the hygienists to support this. There is an ongoing
challenge in ensuring consistency between assessors. Experience so
far suggests that non-experts such as engineers and managers focus
mostly on unmanaged risk and are less likely to notice good practice.
An additional challenge is that site-based controls such as
water suppression and personal protective equipment can be seen
and measured. However, risks which have been designed out
completely (the preferred option) are not visible and cannot be
recognised or scored.

large companies to smaller organisations as individuals move
between jobs and take their learning with them (Pinder et al., 2016).
For example, during construction of London 2012 it was
assumed that high levels of engagement and good practice would
result in improved knowledge and attitudes among construction
managers, and improvement across the industry more widely
(Tyers and Hicks, 2012). It was also recognised, however, that
lasting impact would require clients to continue to set and enforce
high standards to encourage contractors to adopt and embed these.
Good procurement processes are essential and are an ideal
opportunity for purchasers to give health ‘equal billing’ with safety
at pre-qualification and pre-tender stages. Health standards must be
clearly explained in tender documents so contractors can ensure they
include sufficient resources in their bids to enable them to comply.
A process has been developed on Tideway to encourage
subcontractors to improve their management of health. The project
has developed a supply chain improvement tool that is similar
to a maturity matrix. It provides a structured way for the main
contractors’ health and safety professionals to support development
of their supply chain. Figure 8 shows extracts from the tool.
Key subcontractors are assessed against specific criteria under
the headings ‘Health strategy and leadership’, ‘Risk assessment
and control’, ‘Fitness for work and health surveillance’ and
‘Well‑being’. An output would be an action plan and a gold, silver
or bronze rating for each element.
For example, a labour-only supplier on Tideway had worked
on major projects and had a good safety record. Review using the
(c)

OHI count and scores per site
(sorted from highest to lowest)

Site 2

OHI score
Correct
Incorrect

98%

Site 19

96%

Site 17

94%

Site 18

100
75
50
25
0

93%

Site 13
Site 5

Total items

93%
92%

Site 3

89%

Site 20

87%

15

92%

Noise

Total items

70%

Gases fumes
General-direct

150

Total items

97%

Manual handling
Asbestos
Lighting

100%
100%

Thermal
0

200

400

600

800

Total items

1000

1200

P02

P03

P04

60

P11

P12

P01

P02

P03

P04

100
75
50
25
0

General-direct
Total items
OHI score
P11

P12

P01

P02

P03

P04

100
75
50
25
0

100
75
50
25
0

Noise

40
20
0

100
75
50
25
0

Gases fumes

50
0

91%

P01

100

59%

Vibration

P12

5
0

84%

Dust

P11

10

OHI count and scores per hazard

(b)

Dust

P11

P12

P01

P02

P03

P04

OHI score: %

(a)

OHI score: %

There is evidence that knowledge about good health and safety
practices in construction ‘trickles down’ from major projects and

OHI score: %

5. Practice on large projects

OHI score: %
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Total items

Civil Engineering

Period

Figure 7. Extracts from Tideway dashboards using occupational health impact (OHI) data: (a) the proportions of good and poor practices
observed during inspections showing differences between sites; (b) scores showing variation between hazards in terms of the number of
observations made and the proportion of good and poor practices; and (c) trending across the project over time for specific hazards
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(a)
Fitness for work and health surveillance
Processes in place to manage the health of workers

Aims

Provides workers with access to occupational health services.
Has adequate programme to ensure workers’ health is managed in
accordance with their job role.
Adequate support in place when ill health arises.
Meets legal requirements for health surveillance to ensure workers
health isn’t affected by their work and proactive approach to managing
the outcomes of the programme.

Question

Evidence

Score

Is there a fitness for work programme in place?

0–3

Is there a process in place to manage the ill health of workers?

0–3

Is there a policy and procedures for managing drug and alcohol misuse?

0–3

Is there a health surveillance programme in place?

0–3

Do outcomes of the programme inform proactive health initiatives?

0–3
Total

Other evidence of best
practice:

Score (points per question)
0 No
1 Yes, but limited evidence/implementation
2 Yes, good evidence and expectation generally met
3 Yes, expectation met and examples of best practice

0–15

(b)
Tideway supply chain scheme

Company:

(Subcontractor)

Project:

(Main contractor; section of Tideway)

Undertaken by:

Occupational health and safety
professional for main contractor and
subcontractor

Leading indicator

Score

Strategy and leadership

11

73·3%

Risk assessment and control

12

80·0%

Fitness for work and health surveillance

13

86·7%

Well-being

8

66·7%

Silver

Figure 8. Extracts from the Tideway supply chain scheme showing
the evidence sought and how this contributes to develop an overall
score: (a) detail of one of the indicators and (b) overall score

tool identified that worker health was less well managed: health
surveillance only occurred if it was specifically required for a
particular project and provided by the principal contractor. The
subcontractor’s health and safety adviser used the results of the
assessment to influence senior managers. The company procured
an occupational health provider and carried out health checks and
baseline health surveillance on all their workers, planning to repeat
these 12 months later. The subcontractor was then re-assessed and
their improvements tracked. The subcontractor was asked to share
their successes and action plans with their peers. This helped promote
best practice, and motivated others to work to the same standard.

6. Hierarchy of control and designing out risk
Hierarchy of control is the widely accepted principle (e.g. the
US National Institute for Occupational Safety and Health and the
UK’s Health and Safety Executive) that risk should be managed
through the most effective methods possible, with the ideal being
to eliminate hazards entirely. Methods that protect many people
are preferred over methods that protect individuals. Many of
6
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the biggest reductions in health risks in recent years have been
achieved through intervention at an industry level. Examples
include improved tool design to reduce exposure to vibration and
noise (Brereton, 2011) and removing chromate from cement to
reduce the incidence of allergic dermatitis (Stocks et al., 2015).
Where possible, health risks should be eliminated at the design
stage. For example, on the Tideway project, designers were
required to consider this. Workshops conducted by occupational
hygienists provided them with information about health risks
and how they arise, followed by discussions about specific areas
of concern within the project and possible solutions (including
examples from previous projects such as London 2012).
The outputs from the workshop were used to develop guidance
for designers, including examples of high-risk activities and
recommendations as to how these might be avoided or reduced.
The main contractors then developed processes to ensure that
risk was reviewed at every stage of the design, with challenge by
Construction (Design and Management) Regulations coordinators
and health and safety professionals. One contractor developed a
database which acts as both a design risk register (coordinated
with building information modelling) and a training tool for
designers on how to minimise risk.
Several design decisions were influenced by these processes. For
example
a decision to use a precast secondary lining was shaped by the
need to minimise exposure to noise and dust which could arise
from in situ casting
■■ a tunnel-boring-machine launch frame was designed to be
mostly welded off-site, with final construction on-site using
mechanical bolting
■■ a new process was implemented to trim the tops of concrete
diaphragm wall columns, which removed the need for on-site
breaking with its attendant dust, noise and vibration.
■■

Designing out risk at source reduces reliance on worker good
practice or knowledge, unlike risk control further down the
hierarchy. For example, without the use of prefabrication in the
tunnel secondary lining, measures would be needed to manage
dust on-site. This could include the use of water suppression
or extraction, which introduce costs, additional hazards and
inconvenience, and masks, which would need to be of the right
type and fit, and worn correctly and at all times. If such methods
fail, workers are left unprotected (see Figure 9). For this reason,
personal protective equipment is the control measure of last resort,
only to be used if risk cannot be adequately controlled by other
means.
Figure 10 shows examples of interventions on Tideway at
various points on the hierarchy of control.

7. Industry standards and data management
The research underpinning this paper identified specific challenges
around occupational health services and health checks. First, there is
poor understanding about the standards of health assessment which
are legally required, particularly for health surveillance. Second,
there is little to motivate employers to pay for health checks for
workers who may soon move to other employers. Third, the transient
nature of the workforce makes it difficult to manage health data for
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Figure 9. Engineering and administrative controls and personal
protective equipment rely on workers knowing when and how to
use them: this worker has a poorly fitted face mask, and is using a
broom to sweep up dust despite a vacuum being available

Elimination
Remove the hazard

Substitution
Replace the hazard with
something less problematic

individuals over the course of their careers, as records will be kept
by many different occupational health providers.
Poor provision of occupational health services is a widespread
problem in the UK, with only 14−18% of workers having access,
compared to a European average of 65% and over 90% coverage
in countries such as France and Poland (EC, 2017; Fishwick et al.,
2016). The figure falls as low as 1−5% for those working in UK
small- to medium-sized enterprises, making occupational health
provision particularly problematic for construction.
For example, occupational health provision on Tideway is through
a single novated supplier, to support consistency and collaboration
across the project. In the early stages of the project, safety-critical
medicals and other health assessments were conducted centrally by
this supplier. They were generally treated as baseline assessments;
there were few circumstances where health records were available
which showed assessment results from previous projects or generated
by other providers. This highlights the need for a process to manage
health data, so that a worker who has health surveillance with
multiple employers and multiple occupational health providers over
the course of their career can access all the data, and occupational
health professionals can use it to inform judgments.
Latterly, Tideway subcontractors have been required to put their own
arrangements in place for medicals, encouraging them to take ownership
of occupational health provision. However, this has the potential
to fragment health data further, making it even more important that
arrangements exist to ‘join-up’ workers’ records. Such arrangements
would also enable the industry to collect more accurate data on workrelated ill health to understand fully the scale of the problem.
A proposal for such a process is being developed by People’s
Health, part of B&CE, as a replacement for the Constructing Better
Health (CBH) initiative. CBH was originally launched in 2004 by
the Health and Safety Executive as a pilot programme to improve
occupational health management in construction, and was acquired
by B&CE in 2016.
CBH struggled to engage successfully with very small
businesses and sole traders. It was unable to persuade many of

Training of designers in health risk reduction: ‘rather than going for steel bearing beams, we are going for permanent
concrete bearing beams. That will mean we are avoiding the welding’.
One project undertook a comparative risk assessment to decide whether to use diesel, electric or hybrid
locomotives.
On one project, red cedar was specified in the design by the local authority; this is a respiratory
sensitiser. This was replaced with a safer material.
Choosing high-quality tools with lower vibration: ‘we are not just buying any old drill or piece
of equipment these days, we are buying newer bits of kit that have a lower vibration
level, have a lower noise level’

Engineering controls
Isolate people from the hazard

As part of the tunnel boring machine assembly, an enclosure with fitted
extraction was built by to remove fumes during welding activities.
Tools were fitted with water suppression.
Acoustic barriers were used to contain noise.

Administrative controls
Change how people work

Health surveillance for those exposed to noise
or vibration.
Control of time spent working
with vibrating tools.

Personal protective equipment

Bespoke moulded
ear plugs

Figure 10. Hierarchy of control with examples of how Tideway have managed risk
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them to undertake health surveillance or seek guidance about
individual workers with health conditions (Tyers et al., 2007).
The B&CE model, currently in a pilot phase, recommends
3-yearly health checks for all construction workers.
Health surveillance will be carried out for noise, dust, skin and
hand−arm vibration syndrome where risk assessment shows these
are required. Adjustments will be recommended where necessary
to accommodate worker health conditions. Records will be held
personally by workers through a smartphone application but will
be available to occupational health providers once appropriate
consents are in place. Non-clinical health records will be available
to employers.
Improved education of decision makers such as health and safety
professionals and small- to medium-sized enterprise directors is
needed, to help them understand their legal obligations and also to
recognise that occupational health services might bring financial
benefits (Nicholson, 2017). Some construction companies are already
recognising the benefits of intervention. For example, some pay for
physiotherapy to help workers with musculoskeletal disorders to
recover more quickly (Gibb et al., 2018): they see reduced absence,
increased productivity and improved workforce retention.

8. Conclusions
Work-related ill health continues to challenge the construction
sector despite widespread acknowledgement of its impact.
Practices which eliminate or minimise health risks must be adopted
throughout the sector, particularly within the small- to mediumsized enterprises which employ the majority of the workforce.
To support this, interventions are needed across the industry to
improve training and education and to facilitate good occupational
health services.
Major projects are well-placed to champion such developments.
For example, the Tideway project’s occupational health impact
scores, which are typically 90% or above (see Figure 7), suggest
that a good standard of health risk management has been achieved
on the project. However, comparative data from other projects will
be needed to validate the scoring system.
The real impact of projects like Tideway is not just how well
they manage risk themselves but how successfully they use their
expertise and influence to embed change within their supply
chains. Long-term improvement in the sector requires universal
adoption of high standards: otherwise operators who work cheaply
by putting their workforce at risk might undermine the progress of
those who are trying to develop.
By supporting even the smallest operators to aspire to high
standards of health risk management there is potential for these to
become the new norms, as widely expected and accepted as safety
boots and hard hats.
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