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Outcome performance measurement
criteria in OHS
Stephen Altree-Williams

Abstract

Outcome performance measurement criteria in OHS
Consideration of the OHS prevention model of Australian OHS/WHS legislation and
current OHS practice identified two numerical and independent criteria through which
the OHS outcome performance for a work environment can be measured: the reasonably
practicable criterion (using the observed case rate and case severity outcomes for the
work environment) and the continuous improvement criterion (using the rate of change
of the parameters of these characteristics through time).
The continuous improvement criterion is a physical example of geometric
convergence and can be mathematically described using a single parameter, m,
the annual geometric convergence rate. The continuous improvement criterion on
evaluation proved to be easily and broadly applicable; any work environment anywhere
in the world can rank their OHS outcome performance absolutely by measuring
their m value. When applied to Australian case rate data for serious cases in the
occupational injury (safety) domain over the seven-year period 2002-03 to 2009-10,
the best performing industries were electricity,gas,water; mining; finance & insurance;
government admin & defence; construction; agriculture, forestry, fishing; and transport
& storage. Some further potential applications of m are also described.
The reasonably practicable criterion was found to become more functional when
applied to self-similar sub sectors within an industry or an occupation.
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Introduction
A work environment exists. The work
environment has intrinsic hazards. Safe
systems of work (based on current
knowledge and in compliance with OHS/
WHS legislation) are established within its
governance structure to control the hazards
and thereby reduce their likelihood of
producing an occupational injury, disorder
or disease. OHS cases occur, investigations
report / workers consult / management acts,
and additional hazard control measures are
integrated into the safe systems of work.
This cycle of case generation and control
improvement continues, with the risk
in the work environment ever reducing
towards the ever receding limit inherent in
the reasonably practicable norm of OHS
legislation. It is not immediately clear
what the numerical value of case rate or
case severity should reasonably be for the
work environment but it is clear that those
numbers should decrease through time.
Outcome performance criteria
So, scientifically, the OHS prevention
model described above informs us of two
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numerical and independent criteria through
which the outcome performance of a work
environment can be measured against
appropriate norms; firstly, the observed
case rate and case severity outcomes for
the work environment (the reasonably
practicable criterion) and, secondly,
the rate of change of the parameters of
these characteristics through time (the
continuous improvement criterion).
Not surprisingly, these scientific
outcome performance criteria are also
embedded in OHS law. Both case rate
(likelihood of outcome) and case severity
(degree of harm in outcome) figure
prominently in the ‘reasonably practicable’
performance norm of OHS/WHS
legislation in all Australian jurisdictions.
Likewise, the continuous improvement
criterion is implicit in the OHS legislation
of all jurisdictions and the harmonised
Work Health and Safety Act 2011
makes this expectation for continuous
improvement explicit with its object of
“providing a framework for continuous
improvement and progressively higher
standards of work health and safety”
(Australia, 2011; section 3(1)(g)).
Case nature, rate and severity
Observation confirms that the nature
of the cases, the case rate, and the case
severity are affected by the nature of the
work environment (Altree-Williams,
2010, 2011, 2012; Safe Work Australia,
2012a,b). It is the case Mechanism of
Incident classification (ASCC, 2008) and
their aggregate domains (Altree-Williams,
2011) that capture the essentials of case
causation and, hence, that provide the
relevant focus for considerations of both
prevention and outcome performance.
Reasonably practicable
criterion
There are both input and outcome
performance elements embedded in the
OHS usage of ‘reasonably practicable’,
codified in the harmonised WHS legislation
(Australia, 2011; section 18) as follows: a)
likelihood of outcome, b) degree of harm in
outcome, c) current knowledge of hazards,
their risk, and their control, d) feasibility of
hazard control / risk minimisation, e) cost of
hazard control / risk minimisation. Because
Volume 5 Issue 1 • March 2013

of the presence of these qualitative input
elements, the measurement of absolute
outcome performance via the reasonably
practicable criterion requires extensive
scientific and legal evaluation on a case
by case basis (Bluff and Johnstone, 2005).
For example, no conclusions can readily
be drawn as to the outcome performance
achievement of the individual industries
listed in Table 2 simply on the basis of the
observed differences in their absolute case
rates because of the concurrent qualitative
differences in hazard profiles, in OHS work
system practices, and in interpretations
under ‘c’, ‘d’ and ‘e’ above.
However, in Australia, case rate and case
severity data for serious OHS cases are
available for self-similar sub sectors within
an industry or within an occupation (Safe
Work Australia, 2012a,c). The measurement of relative outcome performance between such sub sectors based on the reasonably practicable criterion is potentially simplified because of their greater selfsimilarity of hazard profiles and OHS work
systems. A summary of the sub sectors
within the industry classification (ABS/
SNZ, 1993) and the occupation classification (ABS, 1997) currently used by Safe
Work Australia is given in Table 1a,b.

The value of the reasonably practicable
criterion in the measurement of outcome
performance for self-similar sub sectors
is enhanced by the realisation that the
observed case rate and case severity
parameters for an industry Division
are the average of the range of these
parameters achieved by its component
Subdivisions, each of which is the average
of the range of these parameters achieved
by its component Groups, et cetera. This
being so, there would be Subdivisions
and Groups in each industry whose case
rate values were higher (i.e. indicating
a potential for greater improvement in
outcome performance) than that shown
at the Division level in Table 2. The
Australian Work Health and Safety
Strategy 2012-2022 makes the point that
“in order to focus attention on areas that
require the greatest improvement, relevant
sub sectors . . . will be chosen . . . during the
life of the Australian Strategy” (Safe Work
Australia, 2012d). Safe Work Australia
(2012c) has also commenced publishing
case data by industry subdivision/group,
but by total cases and not by the necessary
occupational injury (safety) domain.
Note that in all instances with national data in Australia, it is the relevant

TABLE 1A,B

Sub sectors within industry and occupation, Australia, as currently used by Safe Work
Australia (2012a,b,c)
b) by industry classification (ABS/SNZ, 1993)
Industry classification
hierarchal level

Number of sub sectors at each
hierarchal level

Division (broadest level)

17 industry Divisions

Subdivision

1 to 9 Subdivisions within each Division

Group

1 to 8 Groups within each Subdivision

Class (finest level)

1 to 8 Classes within each Group

b) by occupation classification (ABS, 1997)
Occupation classification
hierarchal level
Major Group (broadest level)

Number of sub sectors at each
hierarchal level
9 occupation Major Groups

Sub-Major Group

2 to 7 Sub-Major Groups within each Major Group

Minor Group

1 to 6 Minor Groups within each Sub-Major Group

Unit Group

1 to 13 Unit Groups within each Minor Group

Occupation (finest level)

1 to 13 Occupations within each Unit Group
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population of cases that is being observed
and the value of the population parameter
is determined by measurement (i.e. rather than by statistical estimation based on
a sample from the relevant population).
This fact significantly improves the power
of the outcome performance measurement
criteria to disclose a performance difference when one actually exists. Nevertheless, as for all measurements, the potential
for bias and random error exists. Consideration of systematic and random errors
associated with the measurement of case
rate nationally through the National Data
Set (NOHSC, 2004; Foley, 1996, 1997;
Safe Work Australia, 2012b; ABS, 2005a)
indicates that comparison of case rate
variation between sub sectors is practicable down to and including the Group level
for industry and the Minor Group level for
occupation. For case severity, its datum is
a simple, error-free, observed determinant
for each case (Altree-Williams, 2012) and,
hence, comparison of case severity variation between sub sectors is practicable
down to the finest level of classification –
the Class for industry and the Occupation
for occupation.
Continuous improvement
criterion
In contrast with the reasonably practicable
criterion discussed above, there are no such
intricacies involved in the measurement
of outcome performance using the
continuous improvement criterion. For
the continuous improvement criterion, the
OHS prevention model above suggests
that the physical nature of the observed
rate of change through time of the case
rate and case severity parameters will be
that of geometric convergence (i.e. the
tendency of the parameter to converge
in a predictable manner through time).
Hence, a direct quantitative measure of
outcome performance will be provided
from
the
geometric
convergence
rate of the annual case rate (or case
severity) values observed for the work
environment. Geometric convergence can
be described mathematically using either
algebra (i.e. from the geometric series
equation) or calculus (i.e. by integration
of the differential equation for geometric
convergence, dy/dx = -my) to give,
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respectively, the two equivalent equations
y = (1–m)x
b
and
y = e – mx
b
where
y =	parameter value (e.g. frequency rate) observed each year
x =	number of annual progressions
(i.e. 0, 1, 2, 3, . . .)
m =	observed annual
geometric convergence rate
of the parameter for the work
environment
b =	constant, dependent on the
work environment, parameter observed and period of
observation
e =	the base of natural logarithms
It is m (the observed annual geometric
convergence rate for case rate or case
severity for the work environment) that
is the outcome performance measure. In
OHS practice, it is noted that i) m will
be very small compared to unity, and ii)
short term variations may overlay the
long term geometric convergence trend
line (ABS, 2005b). So, to develop a
functional method for determining m from
work environment data, for point ‘i’, the
exponential term in the two equations
can be series-expanded to give the same
workable first-order linear equation
y = 1–mx
b
and, for point ‘ii’, a three-year moving
average can be applied to the raw data
to obtain each annual case rate (or case
severity) time-series datum for the
work environment. The use of the linear
equation above is an important practical
consideration. The input of the work
environment to improve performance is
multi-faceted and, unlike m in geometric
convergence mathematics, the work
environment m may vary from time span to
time span in response to the effectiveness
of such input. The surest way to spot this
– both numerically and graphically – is
from the linear perspective.
The continuous improvement criterion
of outcome performance measurement
has been foreshadowed in the premise
of the National OHS Strategy 20022012 (and continues as a major element
4


of the Australian WHS Strategy 20122022) where it is stated that improvement
in OHS is “best sustained through a
focus on performance outcomes, which
can be reported and monitored over
time”. The National OHS Strategy
2002-2012 (NOHSC, 2002) set a
general performance target “to reduce
the incidence of (serious) workplace
injury by at least 40 per cent” over
the ten-year duration of the Strategy.
Scientifically, quantitative improvements
in OHS outcome performance accrue via
reductions through time in the ‘incidence’
of both of the independent characteristics
of case rate and case severity and ‘injury’
refers to cases in the occupational injury
(safety) domain. Observation to date has
indicated that case rate (Altree-Williams,
2011) and parity-attenuated case severity
(Altree-Williams, 2012) contribute about
equally to this performance improvement
for serious OHS injury cases. So, in
looking for an appropriate norm for the
variation in case rate through time for
the purposes of this paper, it would be
reasonable to use 20% reduction over
10 years, thus giving a norm for the
geometric convergence rate, m, of 0.020
per annum with the linear equation.
Case rate data for serious cases in the
occupational injury (safety) domain for the
industry divisions of Australia (annually,
over the seven-year period 2002-03 to
2009-10) are provided in Table 2 (Safe
Work Australia, 2012a; Altree-Williams,
2011). The geometric convergence rate
of an industry division was measured by
calculating, on its set of case rate annual
(three-year moving average) data points,
the line of best fit. Using the linear
equation above, the slope of this line of
best fit gives m, the observed annual
geometric convergence rate for the work
environment. The results are summarised
in Table 2, together with the standard
error value on m and the goodness-of-fit
indicator, r2, of the line of best fit to the
annual data points.
For serious cases in the occupational
injury (safety) domain, over the sevenyear time period of observation, and
for the norm of 0.020 annual geometric
convergence rate, the results in Table
2 show that seven industry divisions
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(electricity, gas, water; mining; finance &
insurance; government admin & defence;
construction; agriculture, forestry, fishing;
transport & storage) produced an observed
geometric convergence rate better than
the norm at the 95% confidence limit,
while four industry divisions (education;
wholesale trade; personal & other services;
retail trade) produced an observed
geometric convergence rate poorer than
the norm value at the 95% confidence
limit. The remaining six industry divisions
(and Australia in toto) contained the norm
rate within the 95% confidence interval
of their observed geometric convergence
rate.
Annual geometric convergence
rate, m
The results for the industry divisions
illustrate the power of the continuous
improvement criterion and its single
parameter: the observable, measurable
annual geometric convergence rate for the
work environment, m. Whereas outcome
performance measurement under the
reasonably practicable criterion requires
the consideration of many factors and
is complex, it is now clear from Table 2
that the continuous improvement criterion
can directly, a) identify performance
differences between diverse work
environments from differences in their m
values, b) measure performance against
a defined norm, and c) highlight work
environments with the potential for
greater performance improvement.
Within the numerical scope natural to
OHS outcome performance, the application of m will be broadly valid subject to
appropriate professional judgement. As
mentioned, the range of annual progressions over which the linear method is used
to determine m will be a matter of observation, informed numerically by the r2 value and visually by the y vs x graph. In the
present work, the seven-year span proved
to be functional for all industry divisions
in Table 2 with r2 > 0.9. For work environments with lower r2 values, it is worth
looking at the possibility of a change in m
within the observed time span; for example from Table 2, from mid-span onwards
it is seen that communication and manufacturing divisions showed improved
Volume 5 Issue 1 • March 2013

TABLE 2

Ranking of OHS outcome performance as measured by the continuous improvement criterion, serious cases, occupational injury (safety)
domain, by industry division, Australia (ABS/SNZ, 1993; Safe Work Australia, 2012a; Altree-Williams, 2011)
Industry division
Listed in descending
order of outcome
performance
measurement

Frequency rate (annual)
serious cases per million work-hours
occupational injury (safety) domain

Annual geometric Statistical
convergence rate, reliability
m year -1
[norm = 0.020 yr -1] SE(m) r2

2002-03

2003-04

2004-05 2005-06 2006-07 2007-08 2008-09 2009-10

Electricity,
gas, water

1.93
1.88

1.83
1.87

1.85
1.72

1.49
1.61

1.52
1.54

1.61
1.42

1.15
1.28

1.11
1.13

0.0563

0.0031 0.98

Mining

5.33
5.41

5.49
5.35

5.25
5.07

4.60
4.77

4.57
4.61

4.67
4.26

3.64
3.71

2.98
3.30

0.0542

0.0045 0.96

Finance
& insurance

0.765
0.744

0.723
0.723

0.680
0.671

0.614
0.630

0.600
0.598

0.580
0.582

0.567
0.557

0.525
0.546

0.0407

0.0032 0.96

Govt admin,
defence

2.63
3.03

3.44
3.07

3.17
3.18

2.96
3.01

2.90
2.89

2.81
2.72

2.45
2.52

2.33
2.39

0.0323

0.0062 0.82

Construction

7.43
7.20

6.99
7.05

6.79
6.73

6.45
6.38

5.97
6.18

6.14
6.08

6.12
5.85

5.31
5.71

0.0308

0.0019 0.98

Property
& business

2.96
2.82

2.67
2.77

2.68
2.55

2.30
2.40

2.23
2.29

2.34
2.32

2.40
2.31

2.19
2.29

0.0292

0.0057 0.81

Agriculture,
forestry, fishing

9.68
9.46

9.23
9.31

9.02
9.09

9.02
8.87

8.58
8.64

8.31
8.42

8.36
7.99

7.34
7.84

0.0252

0.0012 0.99

Transport &
storage

7.50
7.18

6.89
7.00

6.65
6.69

6.53
6.46

6.22
6.28

6.10
6.22

6.35
6.04

5.67
6.01

0.0246

0.0022 0.95

Communication

2.20
2.07

1.94
2.08

2.11
2.08

2.17
2.15

2.16
2.19

2.24
1.99

1.67
1.83

1.66
1.66

0.0237

0.0094 0.51

Cultural &
recreation services

4.52
4.39

4.26
4.18

3.78
3.99

3.95
3.81

3.71
3.91

4.08
3.80

3.61
3.74

3.55
3.58

0.0232

0.0034 0.89

AUSTRALIA

4.36
4.32

4.28
4.28

4.20
4.20

4.12
4.10

3.99
4.02

3.96
3.92

3.82
3.76

3.51
3.67

0.0220

0.0013 0.98

Accommodation,
café, restaurant

5.66
5.54

5.41
5.36

5.04
5.17

5.09
5.01

4.92
4.96

4.89
4.97

5.12
4.78

4.37
4.73

0.0202

0.0021 0.94

Manufacturing

6.21
6.33

6.44
6.35

6.39
6.48

6.62
6.51

6.52
6.38

6.02
6.10

5.76
5.66

5.15
5.46

0.0195

0.0060 0.64

Health &
community services

4.07
4.07

4.07
4.08

4.11
3.94

3.67
3.77

3.57
3.62

3.63
3.62

3.66
3.67

3.73
3.70

0.0170

0.0039 0.76

Retail trade

3.26
3.24

3.21
3.13

2.95
3.06

3.04
3.01

3.04
3.04

3.05
2.98

2.85
2.89

2.77
2.81

0.0164

0.0018 0.82

Personal & other
services

5.13
5.07

5.00
4.98

4.83
4.99

5.14
5.10

5.33
5.14

4.97
5.11

5.03
4.91

4.73
4.88

0.0030

0.0029 Note5

Wholesale trade

3.55
3.56

3.56
3.62

3.76
3.76

3.96
3.74

3.52
3.77

3.85
3.69

3.72
3.61

3.29
3.50

0.0021

0.0044 Note5

Education

2.42
2.22

2.03
2.24

2.28
2.29

2.55
2.50

2.67
2.59

2.56
2.58

2.50
2.54

2.57
2.54

- 0.0247

0.0060 0.74

NOTE: 	1. ‘ Serious cases’ are “all accepted workers’ compensation claims with one week or more time lost” (Safe Work Australia, 2012a).
2. For each industry division, the upper row gives the raw annual data, the lower row gives the three-year moving average annual data (two-year
moving average for 2002-03 and 2009-10).
3. The moving average frequency rate was calculated by summing the cases and summing the work-hours.
4. SE(m) is the standard error on the annual geometric convergence rate, m.
5. r2 is the goodness-of-fit indicator of the data points to the line of best fit. r2 = 1.00 indicates a perfect match. r2 is not functional when the slope of
the line of best fit approaches 0.
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performance while property & business
and health & community services divisions showed weakening performance.
Regarding the use of the three-year moving average, it is noted this technique does
not affect the slope of the long term trend
line. Finally, while the linear equation was
used as a practical method of determining m, either exponential equation should
routinely be used in the application of m.
Geometric Convergence Half-life. One
potentially useful application is geometric
convergence half-life, the time taken for
the case rate to be reduced to one-half of
the current value by the continuance of the
observed annual geometric convergence
rate, m, through time. The half-life equation is directly derivable from each of the
exponential geometric convergence equations (by noting that y0/b =1 and, at the
half-life, y/b = 0.5) to give, respectively,
Half-life =
ln 0.5
years
		 ln (1-m)
and
ln 2
Half-life =
years
		
m
It is noted that both half-life equations
produce the same annual value for halflife, as given in Table 3, for the range of m
values relevant to OHS.
The nature of geometric convergence
(i.e. ratio decrease for successive annual
parameter values) is such that a finite
annual improvement can continue from
one year to the next in perpetuity until any
innate limit (that may exist within OHS/
WHS application of the legal concept
of reasonably practicable) is reached by
an industry or an occupation (or a sub
sector thereof). It is noted that such annual
improvement can occur regardless of the
value of the starting case rate, as illustrated
by the data in Table 2 for the finance &
insurance and the electricity,gas,water
industries. Such a limit is reached when the
incident investigations undertaken within
the work environment on their OHS cases
show that only a de minimis percentage
of case numbers were preventable by
reasonably practicable means.
Performance Ladder 2010. A further
useful application would be for Safe
6


TABLE 3

Half-life of case rate for annual geometric convergence rate, m
Observed annual geometric convergence
rate for case rate, m year -1
0.08

Half-life of case rate, years
9 years

0.06

12 years

0.05

14 years

0.04

17 years

0.03

23 years

0.025

28 years

0.02

35 years

0.015

46 years

0.01

69 years

0.005

140 years

0.002

350 years

0

Never

<0

Never

Note: ‘Half-life’ is the time taken for the case rate to be reduced to one-half the current value by the
continuance of the observed annual geometric convergence rate through time.

Work Australia to publish a set of annual
performance tables based on m, similar to
the football ‘ladders’ that attract attention
during the winter months in Australia.
Ladders could be prepared using the
occupational injury (safety) domain cases
based on the last three-year to seven-year
span of linear national data. Ladders could
be prepared for case rate and for case
severity by industry division, by occupation
major group, and then for each industry
division by subdivision/group and for each
occupation major group by sub-major/
minor group. The various ladders could
be sequentially published with each ladder
refreshed on a four-year cycle. Suitable
incentives could be put in place to laud
the ‘premiers’ and to encourage future
improved performance from the ‘wooden
spooners’. The outcome performance
measure of Australia in toto (or the relevant
industry division or occupation major
group) could be taken as the de facto Safe
Work Australia norm m value for the ladder.
A suggested ‘Performance Ladder 2010’
(for case rate, by industry division) based
on the data in Table 2 is given in Table 4 to
illustrate this idea.
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Priority Industries. Of the five
“priority industry sectors … targeted for
improvement under the National Strategy”
2002-2012 (NOHSC, 2002), it is noted that
construction; agriculture,forestry,fishing;
and transport & storage were within the
group of better performers in Table 2 (and
latterly, in Table 4, manufacturing division
has clearly started to improve). This is
useful feedback on the effectiveness of the
national industry priority system.
A range of factors would be considered
by Safe Work Australia in establishing a
priority industry. Another application of
observed m values would be for use in this
important decision-making process.
Conclusion
The two scientific criteria for outcome
performance
measurement
were
considered in this paper. It is suggested
that the reasonably practicable criterion
would become more functional when
applied to self-similar sub sectors
within an industry or an occupation.
The continuous improvement criterion
was found to be effective and easily and
broadly applicable in the measurement of
Volume 5 Issue 1 • March 2013

TABLE 4

Performance Ladder 2010

2010
CASE RATE

PERFORMANCE LADDER
OCCUPATIONAL INJURY (SAFETY) DOMAIN CASES
• by industry, Australia
• from 2009-10 over retrospective span of years

Ranking

Industry division

Data span,
retrospective
years

Premier

Communication

3 years

0.99

0.003

0.080

Electricity, gas, water

7 years

0.98

0.003

0.056

Mining

7 years

0.96

0.005

0.054

Government admin, defence

5 years

0.99

0.002

0.050

Manufacturing

4 years

0.97

0.004

0.043

Finance & insurance

7 years

0.96

0.003

0.041

Construction

7 years

0.98

0.002

0.031

Retail trade

3 years

0.99

0.001

0.026

Agriculture, forestry, fishing

7 years

0.99

0.001

0.025

Transport & storage

7 years

0.95

0.002

0.025

Wholesale trade

3 years

0.99

0.002

0.024

Cultural & recreation services

7 years

0.89

0.003

0.023

AUSTRALIA

7 years

0.98

0.001

0.022

Accommodation, café, restaurant

7 years

0.94

0.002

0.020

Personal & other services

3 years

0.90

0.004

0.019

Education

3 years

0.95

0.001

0.008

Property & business

3 years

Note 4

0.004

0.0004

Health & community services

3 years

0.88

0.002

- 0.008

Above norm

Norm

Below norm
Wooden Spooner

r2

SE(m)

Annual geometric
convergence rate,
m year -1

Note:
1. Data are drawn from the three-year moving average annual data in Table 2.
2. The norm value of m is taken as the m value for ‘Australia’.
3. SE(m) is the standard error on the annual geometric convergence rate, m.
4. r2 is the goodness-of-fit indicator of the data points to the line of best fit. r2 = 1.00 indicates a perfect match. r2 is not functional
when the slope of the line of best fit approaches 0. Linearity was confirmed graphically.

outcome performance for serious injury
case rate by industry division, and its
potential for wider applicability is noted.
The policy decision taken in the mid1980s by Safe Work Australia’s predecessor to establish the National Data Set
(NOHSC, 2004) was justified in part
by the vision that such a national data
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collection would support “action strategies, through data-driven targeting of
problem industries and occupations, to
minimise the impact of risk factors associated with occupational injury and disease”
(Foley, 1996, 1997). The explicit publication by Safe Work Australia of case rate
and case severity time-series data and

corresponding m values for occupational injury (safety) domain cases and for
as broad a range of industry and occupation sub sectors as is statistically reliable,
would provide the information needed for
the evaluation of outcome performance
against both the reasonably practicable
criterion and the continuous improvement
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criterion. Such published data would allow work environments with the greatest
potential for outcome performance improvement to be identified and then improved through a) the natural commitment
of the participants in the identified work
environments, and b) the supportive focus of the OHS professions, the tripartite
partners and the OHS regulatory agencies.
This, in turn, would lead to further reductions in observed risk and, hence, to the
continuing improvement through time of
OHS performance in Australia.
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Revisiting the COAG Case
for OHS Harmonisation
Eric L. Windholz1

Abstract

Occupational health and safety (OHS) harmonisation in Australia is on a precipice.
While noting that several forces have operated to bring about this situation (including
traditional federal/state tensions compounded by the election in a number of States
of Conservative governments), this article focuses on the strength of the case for
harmonisation. The Council of Australian Governments’ case for harmonisation
appears compelling: improved efficiency for business and governments; improved
effectiveness in reducing workplace death, injury and disease; and equality of safety
standards and regulatory treatment for workers and employers. The Regulatory Impact
Statements prepared for the harmonised regime estimate it will deliver a significant net
societal benefit. This article’s examination reveals, however, that the intuitive appeal
of the ‘efficiency, effectiveness, equality’ narrative belies harmonisation’s complex
and contested nature. Harmonisation involves balancing three sets of values: (1)
economic efficiency; (2) broader societal values of equity, justice and fairness; and (3)
the democratic values underpinning our federal system of government. This balancing
exercise involves difficult trade-offs and raises as many questions as it answers.
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Introduction
In July 2008, the Council of Australian
Governments (COAG) agreed the InterGovernmental Agreement for Regulatory
and Operational Reform in Occupational Health and Safety (IGA) committing
each Australian jurisdiction to enact a
model uniform Work Health and Safety Act, Regulations and Codes of Practice (COAG, 2008). The goal was for
these laws to be operational by 1 January 2012. Ten months after this deadline,
however, only the Commonwealth, New
South Wales, Queensland, Northern
Territory and Australian Capital Territory
have harmonised OHS laws in place
(most with variations). Of the remaining
States, Tasmania and South Australia
have legislated to have the harmonised
laws commence on 1 January 2013
(South Australia with variations); Western
Australia has announced its intention
to introduce harmonised laws, but with
variations to the agreed model (Buswell,
2009; Western Australian Government,
2012); and Victoria has announced that it
will not sign up to the harmonised laws in
their current form (Victorian Government,
2012). Former COAG Reform Council
Chairman Paul McClintock has warned
that ‘[t]his combination of variations ...

may lead the reform to do more harm
than good’ (McClintock, 2012, p. 4).
Tooma, Titterton and Carnell (2012, p.
32) similarly have suggested that ‘the
reform efforts may have merely added
more confusion and just a different set of
differences’.1
How did we get into this position? How
is it that an initiative that commenced
with a heightened sense of possibility
and strong political support has so far
produced such disappointing results? One
response is to point to the change from
coast to coast Labor governments at the
time the IGA was signed to the situation
today where there are Conservative
governments in the States yet to enact
the laws and to criticise them for being
parochial and partisan.2 However, such
a response is an incomplete explanation
for what has occurred. Why those
governments have responded in such a
manner requires a more nuanced analysis
than simply pointing to changes in their
political persuasion. The fact is that State
governments of all political persuasions
have both enacted and made changes to
the harmonised laws in response to local
needs and circumstances, rather than on
the basis of narrow ideology. Thus, the
focus of analysis should be on what has
led some local stakeholders to petition
their State governments for changes to the
harmonised laws, rather than the political
persuasion of the State governments
themselves (although it is certainly true
that Conservative governments tend to
be more sympathetic and responsive to
the arguments of business; and Labor
governments tend to be more sympathetic
and responsive to the arguments of
workers and the union movement).
The answer to the question ‘what has
led some local stakeholders to petition
their State governments for changes to the
harmonised laws’ is complex. Many forces
are at play including each State’s local
economic circumstances and industrial
relations culture and environment,
resistance to change by local interests
concerned to protect hard fought for rights
and benefits, and genuine differences
of opinion about how best to address
issues that are technically complex,
economically important and politically
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sensitive. Another important factor is
that among some stakeholders, there is
a growing unease about how the laws
will operate in practice and a perception
that they may lose through the process.
It is within this context that this article
revisits the COAG case for harmonisation
to examine if it is as strong and clear-cut
as initially assumed. This examination
draws on primary material in the form of
government documents and government
commissioned reports, media reports and
secondary analyses of developments in
the area, as well as interviews conducted
with members of the Workplace Relations
Ministers’ Council (WRMC), Safe Work
Australia’s Council and Strategic Issues
Group on OHS and national and state
union and employer representatives.3
The COAG Case for
Harmonisation
Numerous reports over the past thirty years
have argued that a more consistent national
OHS regulatory environment would
deliver significant benefits to Australian
workers, employers and society generally
(see for example Interim NOHSC, 1984;
Industry Commission, 1995; Small
Business Deregulation Taskforce, 1996;
RCBC, 2003; Productivity Commission,
2004; Regulation Taskforce, 2006). During
this period the harmonisation policy
framework has evolved from a focus on
national standards to common essential
requirements and from a nationally
consistent regulatory framework to
COAG’s current initiative of uniform laws
in each jurisdiction. The benefits promised
by the COAG initiative are set out in
Clause 1.4 of the IGA as follows:
The fundamental objective of the
reform covered by this Agreement is to
produce the optimal model for a national
approach to OHS regulation and operation
which will:
“(a) enable the development of uniform,
equitable and effective safety standards
and protections for all Australian workers;
(b) address the compliance and
regulatory burdens for employers with
operations in more than one jurisdiction;
(c) create efficiencies for governments
in the provision of OHS regulatory and
support services; and
10


(d) achieve significant and continual
reductions in the incidence of death,
injury and disease in the workplace.”
COAG’s case for harmonisation appears
compelling: (1) improved efficiency for
business and governments; (2) improved
effectiveness in reducing workplace
death, injury and disease; and (3) equality
of safety standards and regulatory
treatment for workers and employers.
The Productivity Commission (2012b)
summarised the estimated impacts of
the harmonisation reforms based on the
Regulatory Impact Statements (RIS)
prepared for the harmonised laws (Access
Economics, 2009; Safe Work Australia
2011), and its own 2010 benchmarking
report (Productivity Commission, 2010).
See Table 1.

As can be seen, the Productivity
Commission
estimates
that
harmonisation will deliver a significant
net societal benefit in the order of
$753 million per annum after one-off
transition costs of approximately $875
million. The estimated net benefit is
substantial and on face value appears
difficult to argue against. However, a
closer examination reveals that the case
for harmonisation may not be so straightforward: that the benefits are complex,
contested and involve difficult trade-offs.
The next sections critique the case for
harmonisation commencing with some
observations about the limitations of
cost-benefit analyses in the OHS policy
arena.

TABLE 1

Summary of Estimated Impacts from OHS Harmonisation ($ million; 2010-11 dollars)

Annual longer-run ongoing One-off direct impacts
direct impacts
(transition costs)
Reduction in business
compliance costs

370

(850)

Single-state

(110)

(600)

Multi-state

480

(250)

Improvements in health
and safety outcomes

433

Increased workforce
participation

200 persons

Reduction in social security
payments

55

..

Reduction in medical costs

25

..

Impact on government
administration costs

(50)

(25)

TOTAL

753

(875)

Source: Productivity Commission 2012b, p. 180 and p. 177.
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Cost-Benefit Analyses
Cost-benefit analyses such as the RIS
prepared for the harmonised OHS regime
are valuable policy tools. They are central
to most modern best practice regulatory
guides and, when conducted well, provide
useful information to assist governments to
develop and design better (more effective
and efficient) policy (COAG, 2007;
Australian Government, 2010). RIS have
limitations, however. First, RIS estimates
are speculative. They are estimates of
possible future impacts based on hypotheses
and assumptions which, in the OHS
policy arena, have not been demonstrated
to operate in practice.4 The RIS and
Productivity Commission reports are replete
with disclaimers and qualifiers to this effect.
The Productivity Commission for example
notes that while the results are ‘broadly
indicative’ and provide a ‘meaningful
initial indication’, the estimates suffer from
a ‘significant degree of imprecision’ and
‘uncertainty in outcomes’ (2012a, p. 5;
2012b, pp. 179-182).
Second, the estimates are very
sensitive to changes in methodology and
assumptions. Small changes can lead to
significant variations in outcomes. Thus,
the Supplementary Impact Assessment
commissioned
by
the
Victorian
Government estimated that it will cost
Victorian businesses more than $3.4 billion
over five years to transition to the new
harmonised regime (PWC, 2012), whereas
the Commonwealth commissioned RIS
estimated the cost to single-state businesses
in all states at approximately $1 billion over
the same period. In presenting these figures
side-by-side, it is not being suggested that
they are comparable or that one RIS should
be preferred over another.5 Rather, the
point being made is that the calculation of
economic benefits is not an exact science. It
is an estimation process heavily dependent
on its methodology and assumptions
and using parameters which are usually
set in conjunction with the government
commissioning it.6 It therefore should not
be surprising that they tend to produce
results supportive of the commissioning
government’s policy direction. This makes
it a political exercise and one which should
be approached with an appropriate level of
scepticism.
Volume 5 Issue 1 • March 2013 

Third, the Commonwealth’s RIS were
commissioned long after COAG had
committed to the policy and invested – and
asked stakeholders to invest – significant
amounts of time, effort and money into
the harmonisation process. As a result,
the RIS were limited to comparing the
net benefits of moving to harmonisation
(as defined) relative only to its implementation costs. They did not consider all
feasible policy options along the consistency-uniformity continuum and recommend the one that generates the greatest
net societal benefit. They did not consider
the option of compete centralisation –
one Commonwealth law administered
by one Commonwealth agency. Nor did
they consider alternative and more flexible harmonisation models such as an
‘opt-in’ model which the Productivity
Commission (2012a, p. 21) notes ‘may afford more cost effective opportunities for
improvement.’7
Moreover, by confining themselves to
implementation costs, the RIS ignored the
loss of the competitive dynamic inherent
in a federal system of government
which acts as a generator of creativity,
experimentation and inter-jurisdictional
learning in policy making. As Silver (2010,
p. 330) observed: ‘Every time a national
approach is adopted, Australia forgoes
the opportunity to harness future statebased innovations.’ There are numerous
examples of social and legal innovations
commenced in one State being improved
upon and diffused across jurisdictions
- for example, road safety campaigns,
and environmental protection, equal
opportunity and anti-discrimination laws,
to name but a few. And we have seen these
benefits in the OHS policy area too, as
illustrated by the evolution and diffusion
across jurisdictions of consultation,
participation and representation, union
right of entry and enforceable undertaking
provisions, for example (Walsh, 2005, p.
76; Windholz, 2011, p. 442). As Silver
(2010) emphasises, the loss of this
competitive dynamic, while difficult to
quantify, is nevertheless real and important
and should be included in the analysis.
What is clear from this examination
is that producing a RIS is an estimation
process heavily dependent on its scope,

methodology and assumptions. With this
warning in mind, let us now turn to each of
harmonisation’s promised benefits which,
as noted earlier, can be grouped under the
headings: efficiency; effectiveness; and
equality.
Efficiency
Improving efficiency for both business and
governments is the most frequently cited
argument in support of harmonisation.8
Looking first at business, harmonisation
promises to reduce compliance and
regulatory burdens for employers with
operations in more than one jurisdiction,
and remove barriers to the free movement
of goods and labour. These, COAG argued,
would contribute to producing a more
seamless national economy, making it and
Australian businesses more productive
and internationally competitive. After
initial transition costs of $850 million in
the first year, the Productivity Commission
estimated average annual ongoing benefits
to business of approximately $370 million
(see Table 1 above).9 On face value, these
large figures appear difficult to argue
against. However, a closer examination
reveals a more complex and contested
picture.
The first point to note is that COAG’s
‘efficiency’ case for harmonisation is
premised on a very narrow definition
of ‘efficiency’ – one concerned almost
exclusively with reducing compliance
costs and the regulatory burden. However
as one State Minister commented:
‘someone’s red tape is someone else’s
life saving safety net.’ The current COAG
initiative does not appear concerned
with the efficiency of the overall OHS
system (although by making the scheme
more effective, it may also become more
efficient, assuming the costs of achieving
the safety improvements is less than
the value of those improvements). As a
result, the RIS did not assess whether, for
example, increasing a particular regulatory
standard would result in a decrease in
workplace accidents the value of which
exceeds the additional cost the higher
standard may impose on employers, and
therefore be more efficient from an OHS
system wide perspective.
Second, the ‘efficiency’ case for

JOURNAL OF HEALTH AND SAFETY, RESEARCH AND PRACTICE

11

harmonisation is based on a wealth
maximisation (utilitarian) perspective
and ignores the distributional effect
of the changes.10 However, these
distributional effects are important. It is
clear from the Productivity Commission
estimates (see Table 1) that there is an
uneven distribution of benefits amongst
businesses. Predominately larger multistate businesses that will no longer have
to comply with as many overlapping and
duplicative regulatory requirements are
estimated to benefit to the tune of $470
million per annum after initial transition
costs of $250 million in the first year.
Mostly smaller to medium sized singlestate businesses11, on the other hand, who
do not receive that harmonisation benefit,
are estimated to incur transition costs of
$600 million and ongoing costs of $110
million per year, which costs may not
be off-set by any improvements in OHS
outcomes (Productivity Commission,
2012b, pp. 174-176. See also: PWC, 2012,
p. 1).12 That this is the case should not
come as a surprise. The IGA governing
the current process makes clear that the
intended beneficiaries of the compliance
burden reduction objective are ‘employers
with operations in more than one jurisdiction’ (clause 1.4, emphasis added).
However, it does raise the question – is
this fair and equitable? Or would it be
more fair and equitable to accept a level
of overlap and duplication as the price
of a system that, as explained above,
encourages creativity, experimentation
and inter-jurisdictional learning in
policy making, and ask larger multi-state
businesses to pay that price?
Finally turning to government,
harmonisation is intended to create
‘efficiencies for governments in the
provision of regulatory and support
services’ (IGA, clause 1.4). Windholz
(2011, p. 449) refers to this as
harmonisation’s ‘efficiency dividend’.
However it is clear from the Productivity
Commission report that delivery of
this dividend is far from certain. The
Productivity
Commission
(2012b,
p170) notes, on the one hand, that the
centralisation of OHS policy work ‘has
the potential to reduce the overall cost to
government of delivering OHS regulatory
12


services’ but that, on the other hand, ‘[d]
epending on the actual organisational
changes across jurisdictions, the new
arrangement may even add to government
costs if the additional regulatory effort
by the Australian Government is not
offset by reduced effort across the States
and Territories.’ Maybe somewhat
conservatively, the Productivity Commission concludes by estimating that
harmonisation will increase costs to
governments by approximately $50
million per annum over the longer term
– a combination of each state retaining
its own OHS regulator, and the time,
cost and effort they will inevitably
expend maintaining the desired level of
harmonisation (Productivity Commission
2012b, p179).
Overall then, COAG’s efficiency case
for harmonisation rests on a very narrow
conception of ‘efficiency’ and a wealth
maximisation (utilitarian) perspective
that ignores the uneven and potentially
negative consequences of the changes for
some sectors of the community.
Effectiveness
Another COAG harmonisation objective
is to ‘achieve significant and continual
reductions in the incidence of death,
injury and disease in the workplace’ (IGA,
clause 1.4). The Productivity Commission
(2012b, pp. 177-178) estimated that the
harmonised regime will improve health
and safety outcomes by approximately
0.78% per annum which equates on its
calculations to an annual reduction in
the costs of workplace injury and illness
of $433 million. Again, on face value,
this appears difficult to argue against.
However, a closer examination reveals
that the ‘effectiveness’ case, too, is both
complex and contested.
First, the estimated improvement in
health and safety outcomes is probably the
most speculative of all of harmonisation’s
promised benefits. It is based on predicted
behavioural responses of employers,
employees and others to the changes,
which the Productivity Commission
(2012b, p. 183) identified as being one
of the greatest sources of uncertainty in
the estimates. The contested nature of
the benefit was evident in the interviews
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conducted. Employer representatives
were the most optimistic, highlighting the
benefit that having one safety message
nationally would have on OHS regulators’
and their ability to successfully influence
organisations to improve their workplace
safety systems. This theme also was picked
up by some state regulators, who also
thought the awareness raising that would
accompany the new model laws would
elevate the importance of OHS among
organisational leaders and act as a catalyst
for businesses and workers to cooperate to
review and improve safety procedures at
their workplaces. Other OHS regulators
expressed some reservations however,
noting that in the main the harmonised
laws are an amalgam and consolidation
of existing Australian law. This was
a view most strongly held by union
representatives, who saw harmonisation
as an opportunity lost (‘we have more
losses than wins’, lamented one union
official) and whose effectiveness would
vary on a jurisdiction-by-jurisdiction
basis according to whether standards,
protections and rights were raised, lowered
or maintained in a particular jurisdiction.
Second, to attain those outcomes
presumably what is required are reductions
over and above what would have occurred
had the reforms not taken place. Over
the past decade nearly every jurisdiction
has experienced significant reductions in
workplace fatalities and injuries (Figure
1).13 Delivering ‘significant and continual
reductions’ over and above this impressive
trend presents a considerable challenge;
indeed just maintaining the trend after
harmonisation may prove a challenge
given possible delays and disruptions in
obtaining improvements as a result of
transitional impacts. Moreover, the loss
of the competitive dynamic of having
state regimes experiment, learn from and
improve upon each other may also place
future momentum at risk.14
Overall then, the strength of the ‘effectiveness’ case is clearly contestable and
not without its risks. Some see great scope
for improvement; others are more circumspect. As one veteran of several OHS
harmonisation attempts commented: ‘if the
case for harmonisation was being assessed
solely by reference to ‘effectiveness’, the
Volume 5 Issue 1 • March 2013

FIGURE 1:

Figure 1 – Serious compensated injury, fatality and musculoskeletal claims by jurisdiction
(claims per 1000 employees)*

Source: Comparative Performance Monitoring Report: Comparison of work health and safety and
workers’ compensation schemes in Australia and New Zealand – 14th Edition (October 2012); 13th
Edition (October 2011); 12th Edition (December 2010); 11th Edition (December 2009); 10th Edition
(August 2008); 9th edition (February 2008). **
* Includes accepted workers’ compensation claims for temporary incapacity involving one or more
weeks compensation plus all claims for fatality and permanent incapacity. 2009 -10 preliminary;
2010-11 projected. Percentage improvement from 2000–01 to 2010-11 projected.
** The 13th and 14th Editions can be found on Safe Work Australia’s website - http://
safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/Publications/Pages/CPM-13.aspx.
Earlier editions can be found on the on the Department of Education, Employment and Workplace
Relations website - http://www.deewr.gov.au/WorkplaceRelations/WRMC/Pages/Reports.aspx.

adage “if it ain’t broke, don’t fix it” comes
to mind.’15
Equality
Equality is the final of the COAG
objectives. The IGA (clauses 1.4; 5.1.5)
describes it in terms of ‘uniform, equitable’
safety standards and ‘a consistent
regulatory approach across jurisdictions’.
The goal is for employers and workers to
receive the same protections, rights and
treatment, irrespective of the jurisdiction
in which they work, operate or live.16
It is another concept that is difficult to
argue against – after all, some of the
most important declarations of all time
have proclaimed it to be ‘self-evident’
and ‘universal’.17 However, the apparent
‘self-evident’ nature of the ‘equality’
case belies its complexity. It too involves
difficult trade-offs. As one leading US
economist observed (Okun, 1975, p. 8):
‘the distribution of rights stresses equality at the expense of equity and freedom. When people differ in capabilities,
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interests, and preferences, identical treatment is not equitable treatment, at least to
some standards.’
Harmonisation raises the question of
whether ‘equality’ is ‘equitable’ in the sense

of being fair and just. In the case of OHS
harmonisation, equality is not an abstract
concept according to which new rights,
obligations and responsibilities are being
created. Rather, it is a value according to
which existing rights and obligations are
being modified.18 In such a situation, as
with all public policy reforms, there will be
winners and losers depending on whether
equality is set at a level or standard higher
or lower than the level or standard presently
being experienced.19 This is illustrated in
Figure 2.
Figure 2 is illustrative only. It assumes
a direct correlation between the standard
a regulation imposes and its cost which,
of course, is simplistic and in many
cases wrong. But what the graph does
illustrate is that depending on where one
sets ‘equality’, there will inevitably be
winners and losers. If equality is set at
the highest standard existing in any one
state (Scenario 1), then workers in other
states will benefit from operating under
the higher standard, and employers will
lose (at least in the short-term20) from
having to incur the costs of meeting that
higher standard. Conversely, if equality is
set at the lowest standard existing in any
one state (Scenario 2), then the workers in
other states will lose from the diminution
in standards, and employers will benefit
(again in the short-term) from not having
to incur the costs of having to comply
with the higher standard. And if equality

FIGURE 2:

Figure 2 – Notional Impact of Harmonisation on State Regimes Standards and Costs
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is set at some middle or compromise level
(Scenario 3), then there will be winners
and losers amongst both workers and
employers.
There also is a fundamental tension
between equality and another cherished
value – diversity. The ‘equality’ case
has in part proceeded on the assumption
that uniformity is by definition good
and differences unnecessary and bad.
However, not all differences are bad.
Leebron (1996) for example notes
that differences can be ‘substantively
legitimate’ (when based on differences in
preferences, endowments, technologies
and institutions) and ‘procedurally
legitimate’ (because the process of giving
local interests a direct say is of value in
itself). To the extent that differences
in state OHS laws reflect different
preferences, needs and circumstances
- and have been decided through local
democratic processes – then they are
legitimate. Indeed, the legitimacy of
some level of State variation is recognised
in the IGA (clause 5.1.8) which allows
jurisdictions to enact or otherwise give
effect to additional provisions that ‘do not
materially affect the operation of the model
legislation’, and in the jurisdictional notes
to the model Act and Regulations.
This brings me to my next point: that
there is a trade-off between equality
and liberty. Harmonisation involves a
restriction on the autonomy of individual
states to determine their own laws. Under
the IGA (clauses 2.2.1; 5.5), proposed
amendments that will ‘materially affect
the operation of model OHS legislation’
must be submitted to the WRMC for
endorsement requiring a two thirds
majority and, if approved, all jurisdictions
are then required to ‘undertake all
necessary steps to introduce appropriate
changes to their legislation with a view
to ensuring that OHS legislation remains
nationally consistent.’ These procedural
hurdles make it more difficult for a State
government to respond to the different
needs and preferences of its citizens,
thereby impacting the ability of the
citizens of each state to secure OHS
laws consistent with their own (local)
preferences, needs and circumstances.
Moreover, why does it matter if workers
14


have different levels of protection, if the
competitive dynamic of our federal system
will see standards increase over time (the
higher standard in one state becoming
the benchmark to which other states
gravitate over time)? Indeed, in many
respects it has been local stakeholders’
constructive dissatisfaction with the status
quo - given voice through local and more
responsive democratic mechanisms - that
has fuelled the cycle of experimentation
and innovation that has contributed to
the impressive improvements identified
earlier. Arguably, the objective should
not be ‘equality’ in some absolute sense,
but minimum standards that all must
comply with – the setting of a floor below
which safety standards cannot fall, but
above which individual jurisdictions and
stakeholders are free to explore.
Overall then, the ‘equality’ case is not
as simple as first appears, with its pursuit
involving yet more trade-offs – this time
with equity, fairness and justice, and
diversity and liberty.
Conclusion
This article began by asking - how
did we get into the position that the
harmonisation of Australia’s OHS laws
which commenced with so much promise,
has to date delivered such disappointing
results? While noting that there are several
forces at play (including traditional
federal/state tensions compounded by
the election in a number of States of
Conservative governments), this article
has focussed on the strength of COAG’s
case for harmonisation. The ‘efficiency,
effectiveness, equality’ narrative in
support of harmonisation has an intuitive
appeal. This article’s examination reveals
however, that far from being simple,
the case for harmonisation is complex,
contested and involves a number of
difficult trade-offs.21
The article also has posed a number of
important questions including: whether
it is fair and just that small single state
businesses incur additional costs so that
larger multi-state businesses can gain;
whether it fair and just that some workers
and employers have to give up hard fought
for rights in order to achieve a uniform
standard; whether the theoretical benefits
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of the COAG harmonisation model
will outweigh the demonstrated welfare
enhancing effects of the competitive
dynamic of state regimes experimenting,
learning from and improving upon each
other; and whether there are other more
flexible harmonisation models that
may deliver better (more effective and
efficient) outcomes.
In presenting this critique of the case for
harmonisation, it is not being suggested
that there should be no harmonisation of
OHS laws. Harmonisation can be – and
often is - a good thing. What this article
does demonstrate though is that OHS
harmonisation needs to be approached
with a more critical mind-set. OHS
regulation
(without
harmonisation)
is already difficult, complex and
contested, with the ‘ultimate choice of
an occupational health and safety policy
[dependent] on both economic and noneconomic considerations and specifically
on “the willingness of society to tradeoff economic efficiency to pursue justice,
equity and distributional objectives”’
(Gunningham (1984, p. 296) citing
and paraphrasing Veljanovski (1979, p.
53)). OHS harmonisation adds to this
complexity by introducing a third set of
values into the equation – the democratic
values underpinning our federal system
of government – thereby pitting equality
and uniformity against diversity and liberty, efficiency and consistency against
competition and experimentation, and
centralised decision making against the
greater responsiveness that comes from a
decentralised system. Time will tell if the
right balance has been struck.
Acknowledgement: The author thanks
the two anonymous referees who provided helpful comments on an earlier version
of this article.
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Footnotes

1 These may appear to be pessimistic assessments
given the reform has already delivered a
higher level of jurisdictional consistency.
Whether a variation is significant or
materially affects the operation of the model
laws is subjective and will vary according
to the perspective of the person making the
assessment. Bluff and Gunningham (2012,
p90) for example consider New South
Wales’ retention of union right to prosecute
provisions to be ‘material departures from
the model laws’, whereas others might argue
that those provisions do not concern matters
affecting an organisation’s health and safety
management system and are therefore not
material.
2 Note also that the Queensland Conservative
government has agreed to consider a number
of changes to the WHS laws and has delayed
until 1 January 2014 the commencement of
WHS Regulations impacted by the changes
(Queensland Government, 2012).
3 Interviews of between approximately one and
two hours were conducted between August
2011 and May 2012 with sixteen senior
persons involved in the harmonisation
process. All interviewees participated in the
research on the basis of anonymity.
4 While there is a lot of OHS comparative
performance data available, there is little
independent peer-reviewed research
published on the impact of regulatory
interventions to inform the estimates (La
Montagne, 2003, p. 3; Johnstone, 2008, p. 41;
Windholz, 2010).
5 As one referee noted, differences in the
reports’ purpose, foci, methodologies and
assumptions mean that they cannot be
meaningfully compared. For example,
differences in assumptions exist with respect
to current and anticipated compliance rates
under the harmonised laws, the costs to
business of major differences between the
current Victorian laws and the harmonised
laws, and the safety benefits associated with
those differences.
6 It also is dependent on estimates from business
of the costs to it of complying with multiple
regulations, which estimates it has been
observed can be exaggerated (Twomey and
Withers, 2007).
7 As one referee noted, the Productivity
Commission’s comment is a statement
about the potential of ‘opt-in’ models as a
harmonisation technique generally, and was
not made with specific reference to OHS
harmonisation. ‘Opt-in’ decisions are much
more complex in the OHS arena where they
can impact workers and other third parties,
not just the organisation making the decision.
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8 When interviewees were asked to identify
the motivating factors behind the current
harmonisation initiative, eleven gave as
their first unprompted response improving
business or economic efficiency; three cited
addressing business concerns about the
fairness of the New South Wales regulatory
regime; and only two cited fairness and
equity issues.
9 The RIS in support of the Regulations and
Codes also estimated a productivity
dividend of between $1.5 and $2 billion
(Safe Work Australia 2011, p256). Despite
the high profile of these figures in the media
at the time, the Productivity Commission
did not include this benefit, noting the
uncertainties involved and lack of evidence
and detail in support of it (Productivity
Commission 2012b, p178).
10 Economists generally work with two
concepts of economic efficiency – Pareto
efficiency and Kaldor-Hicks efficiency.
Veljanovski (2007, pp. 32-33) states that
a policy is Pareto efficient if ‘all parties
benefit, or none is harmed, by a reallocation
of resources, goods, or assets, or a change
in the law’, and that it is Kaldor-Hicks
efficient ‘if those that gain can in principle
compensate those that have been “harmed”
and still be better off’ (emphasis added).
Kaldor-Hicks efficiency provides the
theoretical underpinning for cost-benefit
analysis. It focuses on utilitarian wealth
maximisation and is not concerned with
individual justice and fairness.
11 Single state businesses are mostly small to
medium sized, comprise approximately
98.5% of Australian businesses and employ
approximately 71.5% of Australian workers
(Productivity Commission, 2010, p. 330).
12 Another potential category of losers may
be Comcare insured employers if the
Commonwealth proceeds to shift OHS
coverage of them back to State OHS
schemes which would result in these
employers having to incur the increased
costs associated with interacting with up to
eight regulators instead of one.
13 Unfortunately there is not reliable data
measuring workplace disease.
14 Reform advocates might argue that interjurisdictional learning can still continue
with respect to the administration and
enforcement of the laws, unencumbered
by the differences in laws that previously
existed. However, this opportunity would
logically be limited by the ‘Regulators
Harmonisation Project’ pursuant to which
Commonwealth, State and Territory OHS
regulators are undertaking a suite of 27
reforms to harmonise their approach to

the administration and enforcement of the
national OHS legislative framework. For a
discussion of these reforms see Windholz
(2012).
15 Supporters of the harmonisation process who
saw the pre-harmonised OHS regulatory
regimes as ‘broken’ may find this comment
unhelpful. However, most interviewees
did not see the pre-harmonised regimes
as ‘broken’ (with the possible exception
of NSW employers) but with scope for
improvement.
16 It needs to be acknowledged that the
harmonisation regime as designed is
unlikely to deliver the uniformity of law
and consistency of regulatory experience
its advocates seek. Windholz (2011) for
example argues that even if adopted by all
jurisdictions, the harmonised regime would
deliver greater consistency, not uniformity.
He points to jurisdictions choosing to
reflect different policy to that agreed at the
WRMC, procedural differences reflective
of each state’s different law making
requirements, enforcement by nine separate
independent regulators, accountable to nine
different Ministers, after consultation with
nine different sets of local stakeholders,
interpretation by up to nine different
judiciaries, and the potential impact of laws
developed outside the IGA framework.
17 The United States of America Declaration of
Independence (1776); the United Nations
Universal Declaration of Human Rights
(1948)
18 The extent to which they are modified will
depend on the extent of difference between
the model law and each state’s existing
laws. In some areas, the model laws will not
change existing state laws; in other situations
it will either increase or decrease standards
and compliance costs, depending on each
state’s starting point.
19 Of course, whether a harmonised standard
is at the ‘highest’ level, whether it results
in a ‘diminution’ of standards, and who
are the relative winners and losers, are
subjective judgments that will vary between
stakeholders.
20 Longer-term the higher safety standard may
benefit employers who experience a lower
rate of workplace accidents.
21 That these issues were not identified earlier
and, in particular, before COAG committed
to the policy is another important question
– but one beyond the scope of this paper,
save to note that there are several potential
reasons. These include: the seductive nature
and intuitive appeal of the harmonisation
concept (after all, who can complain of
more ‘harmony’); the concept’s inherent
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ambiguity and malleability that allowed
key stakeholders to interpret it positively
as favouring the positions they advocate
(employers – reduction in compliance
and regulatory burdens; unions – highest
safety standards nationally); the relentless
advocacy of big business; and a Rudd/
Gillard government for whom OHS
harmonisation provided a vehicle for
demonstrating the benefits of the more
cooperative model of intergovernmental
relations it was championing.
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An assessment of exposure to
respirable crystalline silica and
the impact on lung function among
quarry workers in Queensland
Kevin Hedges1, Susan Reed1, Robert Mulley1, Fritz Djukic2

Abstract

Exposure to respirable crystalline silica among quarry workers in Queensland was
assessed. The assessment evaluated airborne concentrations of respirable crystalline
silica, lung function and risk factors including exposure profile, particle size
distribution and morphology.
Results from personal exposure monitoring show that exposures exceeded the Safe
Work Australia Exposure Standard of 0.1 mg/m3 at many sites. The median maximum
physical diameter of sampled particles was found to be 3.9 µm which is close to the
theoretical median aerodynamic diameter of 4.25 µm provided in Australian Standard
AS 2985 -2009. However, most particles identified and measured by Scanning Electron
Microscopy had a diameter of 2 µm and thus mass based sampling using a cyclone may
not provide an accurate estimate of risk as smaller particles are considered to present a
greater risk. An unexpected finding was the identification of particles that had needlelike morphology. A high proportion of sampled workers demonstrated restrictive and
obstructive lung function patterns of varying severity.
The findings of this study and others indicate that the current exposure standard
for crystalline silica is not adequate to protect workers’ respiratory health. Data also
serve as a prompt to re-evaluate how worker health and health surveillance should be
managed and regulated in mines and quarries. More data collection with follow-up
statistical analysis will add power to this study. It is also suggested that the particle
shape (morphology) is a key factor which warrants further investigation when assessing
the impact particles have on the lung.
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Introduction
A number of studies have demonstrated
that there is a loss of lung function for
quarry and stone workers as a result of
exposure to respirable crystalline silica
(RCS) (Ghotkar et, al 1995, Ulvestad et al,
2001, Glass et, al 2003). In Queensland,
the Mining and Quarrying Act (2000) and
Regulation (2001) place the obligation on
the Site Senior Executive (SSE) to assess
risks and ensure that appropriate control
measures are in place to reduce respirable
crystalline silica (RCS) exposures to
acceptable levels. However, a survey sent
to small mines and quarries in Queensland
found that many sites were unaware of the
hazards of silica exposure and many did
not conduct ongoing health surveillance
as required by legislation (DEEDI 2009).
In a project being undertaken
collaboratively between the University of
Western Sydney (UWS) and Queensland

Department of Mines and Energy (DME),
monitoring has been conducted to assess
the risk of silica exposure in quarries,
dimension stone mines and a silica sand
mining / processing operation. Hedges et
al, (2010) previously reported that 34%
of air samples monitored in Queensland
quarries exceeded the shift adjusted Safe
Work Australia Exposure Standard (ES)
for silica of 0.1 mg/m3. They also reported
that lung function testing showed a
correlation between predicted forced vital
capacity (FVC) and respirable crystalline
silica exposure, with higher exposures
associated with reduced lung function.
Hedges et al (2011) demonstrated that
8 of 13 similar exposure groups (SEG)
pooled across 8 operations including
quarries, a stone forming mine and sand
processing site, exceeded the Safe Work
Australia Exposure Standard (TWA) for
respirable crystalline silica of 0.1 mg/m3.
Most of the SEGs were shown to have a
log-normal distribution, which indicated
representative exposures typical for these
activities. A correlation was also indicated
between loss of lung function measured as
FEV1 % of predicted when plotted against
both average and maximum exposure
at concentrations around the exposure
standard (Hedges et al, 2011)
The aim of this study was to reassess
previous exposures in conjunction with
more recent monitoring data and lung
function testing.
This paper presents the results of
additional statistical analysis to better
understand the correlation between
RCS exposure and loss of lung function
for Queensland quarry workers at RCS
concentrations around 0.1 mg/m3 which
is the Safe Work Australia 8-hr exposure
standard.
Methodology
2.1 Personal monitoring
Personal exposure monitoring for
Respirable Crystalline Silica (RCS)
was carried out on 47 workers across 9
quarries, including dimension stone and
sand processing operations. Personal
samples were collected according to
AS2985-2009 using a SKC cyclone
sampling head attached to a sampling
pump at a flow rate of 2.2 (±5%) L/min
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using SKC AirCheck 2000 Model 2102002 sampling pumps.
The pumps were calibrated using a TSI
4100 series (Serial No.4146 0629 001)
mass flow meter. The TSI secondary flowmeter was calibrated against a primary
soap film flow-meter as per appendix B
of AS2985-2009. A correction factor
was calculated and all sampling volumes
were adjusted to align with the primary
standard.
The dust samples were collected on
SKC GLA-5000 PVC 25mm 5 µm pore
size filters. The analysis of samples
for respirable silica was undertaken at
the Simtars (Safety in mines testing
and research station) laboratories in
Queensland in accordance with the
method published by National Health
and Medical Research Council in their
document “Methods for Measurement
of Quartz in Respirable Dust by Infrared
Spectroscopy” NH&MRC (1994).
Exposure standards for respirable
dust and respirable silica were adjusted
applying the Brief and Scala model using
the average weekly hours adjustment
equation as recommended by Safe Work
Australia (2012):

•	FEV1/FVC is the ratio of the two
measures (%) and provides an indication
of airflow obstruction.
2.3 Fibre characterisation by scanning
electron microscopy (SEM) with
elemental analysis by energy dispersive
spectroscopy (EDS)
The filter samples which were initially
analysed for RCS sample were sent
to Microanalysis Australia for a more
detailed analysis. A representative subsample, of approximately 6 mm by 6
mm, was cut from each filter membrane
close to the centre. The sub-sample was
placed on top of a double sided carbon
tab before being carbon coated. The
sample was analysed using a JEOL
5800LV scanning electron microscope
(SEM) fitted with an Oxford INCA energy
dispersive spectrometer (EDS). EDS is a
semi-quantitative technique on prepared,
optically flat samples which has a spatial

resolution of ~5 µm. This means that
spectra from particles less than ~5 µm
may contain elemental concentrations
biased by their surroundings.
All images were acquired using
measuring backscatter electrons. Image
brightness is proportional to average
atomic number: the brighter the pixel, the
higher the atomic number of the element.
Images were taken of each sub-sample
and the particles present analysed for their
elemental composition and size. When
the particles were not spherical, the largest
dimension was determined.
Results
3.1 Respirable crystalline silica (RCS)
exposures
Results from personal exposure monitoring,
show that many sites had respirable
crystalline silica exposures, exceeding the
Safe Work Australia Exposure Standard of
0.1 mg/m3 (Figure 1).

FIGURE 1.

MVUE estimated average concentrations of respirable crystalline silica, as measured
in the breathing zone of workers. These are the worker exposure levels if respiratory
protective equipment is not used.

RF = 40 * 168-h
h
128
Where: h = average hours worked per
week over full roster cycle.
2.2 Lung function testing (spirometry)
Lung function testing was undertaken
using an Easyone® spirometer (Model
2001, Serial No 66033/2008). The method
used followed the method described by
Brusaco, Crapo and Viegi cited by Miller
et al, (2005). The spirometer prediction
parameter was set on NHANES III, the
system interpretation was GOLD/Hardie,
and the best value result was used for
interpretation.
The parameters measured and recorded
included:
•	FEV1 (Forced Expired Volume in 1
Second) measured in Litres, which
is the volume of air exhaled in the 1st
second.
•	FVC (Forced Vital Capacity) measured
in Litres, which is the total amount of
air exhaled.
18


Note: MVUE: Estimated average of a log-normally distributed data set.
UCL: Upper confidence limit (lands exact) of a log-normally distributed data set.
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FIGURE 2.

Estimated (MVUE) full shift exposures pooled for each SEG correlated with
lung function measured as FEV 1 % of predicted (p<0.05 as confirmed by the
Kolmogorov goodness of fit test).

In Figure 2 the correlation is a natural
log function whereas in Figure 3 it is a
polynomial function.
According to Townsend et al (2011),
“FEV1/FVC is the first measurement to
be evaluated to distinguish obstructive
from non- obstructive patterns. When the
FEV1/FEVC and FEV1 are both less than
the lower limit of normal (LLN), airways
obstruction is present” (Townsend et al,
2011, p.578).
The FEV1 % of predicted is generally
used to grade severity in patients with
obstructive, restrictive and mixed
pulmonary defects.
Pellegrino et al
(2005) provided data which can be used
to rate the level of severity (see Table 1).
TABLE 1.

FIGURE 3.

Correlation between % of predicted FEV1/FVC and minimum variance unbiased
estimate (MVUE) full shift exposures pooled for each SEG.

Severity of any spirometric abnormality based on the forced expiratory
volume in one second (FEV1). (From
Pellegrino et al, 2005, p.957).
Degree of
severity

FEV1 % of predicted

Mild

> 70#

Moderate

60 - 69

Moderately
severe

50 - 59

Severe

35 - 49

Very severe

s< 35

note: # see discussion on what is considered
lower limit of normal (LLN).

When exposures were pooled for
each similar exposure group (SEG) the
exposure distributions were found to be
log-normally distributed. When the upper
confidence limit UCL (Lands exact) was
calculated for each SEG and compared
with the occupational exposure limit, 9 of
the 15 job types had an upper confidence
limit that exceeded the OEL, which
means that these exposures are considered
unacceptable unless respiratory protective
equipment (RPE) is used.
3.2 Respirable crystalline silica (RCS)
exposures vs loss of lung function.
Volume 5 Issue 1 • March 2013 

To obtain a clearer picture of the
potential risk of RCS to health, further
analysis was undertaken to better define
the exposure profile by calculating the
minimum variance unbiased estimate
(MVUE) for each SEG (Figure 2)
which was compared with the loss of
lung function measured as FEV1 % of
predicted and FEV1/FVC % of predicted
(Figure 3).
Figures 2 and 3 demonstrate the
relationship between respirable crystalline
silica exposure and loss of lung function.
Although the analysis shows a positive
correlation it is not a linear function.

7 of the 45 (16%) of workers tested for
lung function had an FEV1 % of predicted
that falls within the category of moderate
severity shown in table 1.
3.3 Analysis of variance (ANOVA)
To validate if there is a significant
difference between exposures of similar
exposure groups (SEGs) to RCS, natural
log (LN) transformed mean confidence
intervals were calculated and compared
using Minitab as shown in Figure 4.
The average RCS concentrations
differed between SEGs specifically for
the crusher operator, excavator operator
and loader operator as shown in figure 4.
When additional analysis was carried out
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tween SEGs but there does appear to be
a marked difference between the crusher
and the excavator (p=0.069, df=2)
3.3 Particle size distributions.
To determine what particle sizes
were predominant in the respirable
dust samples, particle size analysis was
conducted as shown in Tables 2 and 3
and Figure 6. The distribution of particle
sizes in the samples was also determined
as shown in Table 3 and Figure 6.
TABLE 2.

Median diameter for each sample and
distribution of particle diameters as
determined by SEM.

FIGURE 4.

Natural log transformed values comparing arithmetic means and 95 confidence
intervals for each similar exposure group RCS exposure. The number in
brackets is the average maximum FEV1 % of predicted.

Filter
number

SEM
median
diameter

Distribution
of particles

F 6727

3.6

Normal

F 6725

3.1

Log normal
and normal

F 6348

4.0

Log normal
and normal

F5225

3.2

Log normal
and normal

F5243

2.8

Log normal

F5007

4.3

Log normal

F5137

4.4

Log normal

F6439

4.1

Log normal

F4999

2.8

Log normal

TABLE 3.

Summary of particle size analysis.

FIGURE 5.

Average maximum FEV1 % of predicted and confidence intervals for the
crusher, excavator and loader operators.
to determine confidence intervals around
the mean FEV1 % of predicted, there was
no significant difference, as shown in
Figure 5.
To validate whether there is a real
difference in RCS exposure between
SEGs, analysis of variance (ANOVA) was
undertaken for all measured exposures.
The analysis demonstrated that there was
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a significant difference (p=0.0007, df=9)
between all SEGs for RCS exposure. A
further analysis for 3 SEGs, crusher, excavator and loader showed a stronger significant difference (p=0.0005, df=2)
between exposures.
The ANOVA analysis of the FEV1 %
of predicted did not show a similar significant (p=0.824, df=2) difference be-
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Number of counts

165

Number of filter samples

9

Maximum diameter (µm)

22

Minimum diameter (µm)

0.6

Geometric mean (µm)

3.8

Geometric standard deviation

1.76

Median (µm)

3.9
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FIGURE 6.

Distribution of particle diameters in respirable dust samples

3.4 Morphology.
To get a better understanding of
particle morphology, micrographs of
the dust samples were examined. One
sample showed particles with irregular
morphology (see Figure 7) whereas
another sample showed elongated
particles resembling fibrous minerals
(see Figure 8). The other sample filters
examined resembled more regular
morphology. Further investigation is
required to characterise and identify the
source of this fibrous mineral.

Discussion
4.1 Risk Profile
A correlation of the results in this study
has demonstrated a loss of lung function
even at exposures near or at the current
exposure standard for RCS. More data
collection with follow-up statistical
analysis will add power to this study.
The results of this study show the
importance of the use of lung function
measurement (spirometry) in prompting
the implementation of appropriate control
measures to assist in the prevention of the

FIGURE 7.

FIGURE 8.

Micrograph showing particles
with irregular morphology

Micrograph showing elongated
particles resembling fibrous minerals
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progression of lung disease resulting from
RCS exposure. In this study, of the 45
workers tested for lung function, 3 were
found to have restrictive lung function
patterns and 10 had obstructive lung
function patterns. It is important to note
that the majority of workers monitored
were smokers.
The correlation between forced
expiratory volume in one second as a
percentage of predicted (FEV1 % of
predicted) and FEV1/FVC as a percentage
of predicted and RCS exposure (Figures
2 & 3) has been demonstrated (p<0.05),
showing that there is a downward trend in
lung function performance in relation to
higher RCS exposures. This data however,
can only be interpreted collectively as a
trend has been established across all of the
SEGs. Analysis of variance (ANOVA)
has demonstrated a level of variance
that is not significantly different between
SEGs for FEV 1% of predicted. Albeit,
ANOVA carried out between the crusher
and excavators FEV 1% of predicted,
demonstrates that the difference between
these similar exposure groups (SEGs)
are close to being significant (p = 0.069).
Carrying out more lung function testing
for different workers across these SEGs
will increase the sample number and
therefore increase the power of this study.
Townsend et al (2011) recommended
health surveillance where exposure to
respirable crystalline silica is > 0.05 mg/
m3. Townsend et al (2011) further noted
that, as specified in the OSHA Special
Emphasis Program (OSHA, 2008),
components of the surveillance evaluation
should include:
•	Occupational and medical history
(questionnaire)
•	Physical examination
•	Purified protein derivative (PPD)
tuberculin skin test
•	Chest radiography
•	Spirometry
In OSHA (2008) there is also a
recommendation that a respiratory
questionnaire should be included in any
health surveillance program, and the
authors agree with that position based on
the data reported in the current study.
The test results from the current study
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show that 13 workers have an abnormal
lung function pattern. A restrictive lung
function test result may indicate interstitial
lung disease that includes silicosis.
Although changes in lung function may
not be seen in simple silicosis, changes in
lung function are likely to occur in workers
who have been exposed to intense levels
or excursions of airborne dust. Spirometry
can indicate that further investigation
is warranted and that the worker
may be exposed to elevated airborne
concentrations of airborne respirable dust
and crystalline silica prompting the need
for urgent control.
Although an arbitrary general lower
limit of normal (LLN) is used at 80% of
the predicted value, The American College
of Occupational and Environmental
Medicine
(ACOEM)
recommends
that this should not be used in an
occupational health setting (Townsend
et al, 2011). Using 80% of predicted
as a lower limit of normal is considered
acceptable for children, but can lead to
errors when interpreting lung function
in adults (Pellegrino, 2005). Townsend
et al (2011) have also recommended that
there should be increased attention to
the interpretation of lung function over
time or longitudinally. Nevertheless,
Figures 1 and 2 do show a decline in lung
function with low level exposure to RCS
at concentrations close to the current Safe
Work Australia exposure standard. In
addition 7 of the 45 (16%) of workers
monitored had an FEV1 % of predicted
that falls within the category of moderate
severity (see Table 1).
Further follow-up, including assessment
of chest x-rays by trained “B” readers for
the workers in this study may strengthen
the findings.
Health surveillance that includes dust
monitoring of quarry workers over time
(longitudinally) will add to the weight of
evidence that their respiratory health is
being impacted by exposure to RCS.
4.2 Particle size distribution
The median maximum physical diameter
was found to be 3.9 µm as shown in Table
3, which is close to the theoretical median
aerodynamic diameter of 4.25 µm provided
in AS 2985 -2009 (Standards, Australia
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2009). The geometric standard deviation
of 1.76 µm is also close to the theoretical
size reported as 1.5 µm. The equivalent
aerodynamic diameter incorporates stokes
diameter and density in the algorithm. The
aerodynamic diameter for all particles
greater than 0.5 µm can be approximated
using the equation.
dpa = dps √ Pp
Where dpa = Aerodynamic
diameter µm
dps = stokes diameter µm
Pp = particle density, gm/cm2
The stokes diameter is assumed to
be the same diameter as the physical
diameter and since α-quartz has a density
of 2.65, this means that a diameter of 3.9
µm equates to an aerodynamic diameter of
6.3 µm for pure quartz. As the amount of
α-quartz in respirable dust is much lower
than 100%, the true median aerodynamic
diameter will be somewhere between 3.9
µm and 6.3 µm.
The true aerodynamic diameter can
only be determined if the density of the
material is known. As the median physical
diameter of 3.9 µm in the analysed samples
is close to the theoretical aerodynamic
diameter of 4.25 µm (Standards, Australia
2009), it is likely that the actual density of
respirable dust is closer to 1.
A recent development discussed in ISO
13138 (2012), is that the conventional
design of a cyclone is based on particle
penetration and does not incorporate
deposition. As the sampling and analysis
using a cyclone is mass based and
the median cut is 4.25µm (Standards,
Australia 2009), sampling the larger
particles may not provide an accurate
estimate of risk where particles less that
2 µm are considered to be much more
hazardous.
The pathogenicity of silica dust is
thought to be dependent on particle size,
with the most fibrogenic size of quartz
dust particles in lung tissue reported to be
1 – 2 µm (IARC, 1986). As most particles
identified and measured by SEM had a
diameter of 2 µm in this study, then the
observed loss of lung function indicative
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of obstructive and restrictive lung disease
would be expected. The current sampling
methodology AS2985-2009, includes
sampling larger particles, inclusive of those
greater than 3 µm (Standards, Australia
2009). This means that because analysis
is mass based, these larger particles will
provide a greater contribution to the
overall analysis and therefore provide an
inaccurate assessment of risk.
4.3 Morphology
An unexpected finding was the
identification of particles that had needlelike morphology. Further investigation
is required to characterise the shape, size
and mineral content of these particles,
and to determine if certain particle
shapes results in frustrated phagocytosis
more than others. It is considered likely
that the combination of size, shape and
mineral content of RCS particles, rather
than size alone, might lead to increased
pathogenicity.
The micrographs of a sample collected
from an excavator saw operator, at a stone
forming mine, showed that some particles
have needle-like morphology (Figures 7
and 8). Champion (2006) cited by Hedges
et al (2007) noted that the shape of a
particle in the lung, plays a dominant role
in the capacity of macrophages to engulf
and remove the particle.
The term “frustrated phagocytosis”
refers to the inability of a macrophage to
fully engulf a particle and remove it from
the lung, which can increase the risk of
fibrosis. The more elongated the particle,
the longer it takes for phagocytosis to
occur (Champion, 2006) Where there is
longer exposure time for the macrophage
to free-radicals from the freshly cleaved
quartz crystal the initiation of steps
leading to fibrosis is exasperated.
It is therefore proposed that a
combination of characteristics results in
respirable crystalline silica toxicity, and
that morphology must be considered as
an important factor. More research is
required to investigate this proposition.
Conclusion
The data provided in this paper reveal
that loss of lung function will occur
from exposures to RCS at the Safe Work
Volume 5 Issue 1 • March 2013

occupational exposure limit of 0.1 mg/m3.
It is well known that chronic obstructive
pulmonary disease (COPD) can be caused
by exposure to RCS and the presence
of both obstructive and restrictive lung
disease is a significant predictor of earlier
death (Mannino et al, 2003).
Spirometry should therefore be an
integral part of exposure assessment
and health surveillance, and results of
spirometry testing should be clearly
explained to each worker tested, and
managers should be made aware of results
without identifying individual workers.
The risk profile evaluated in this study
showed a high proportion of workers with
restrictive and obstructive lung function
patterns of varying severity, and these
data serve as a prompt to re-evaluate how
worker health and health surveillance
should be managed and regulated in mines
and quarries.
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Making workplace documents
more readable
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Abstract

Concerns have been expressed by the Australian Industry Group (AIG)
about workplace literacy, including its impact on health and safety at work.
The Australian Bureau of Statistics (ABS) is currently conducting an updated
survey of adult literacy in Australia. Previous papers have addressed the issue
of readability of occupational health and safety (OHS) documents including
Australian and some overseas governments’ OHS documents, and a sample of
business organisation OHS documents.
This paper proposes a method for improving readability and hence
comprehension of OHS documents by replacing a range of words of three
or more syllables. It finds that the method, despite certain constraints,
could indeed achieve significant improvements in readability grade.
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Introduction
The Australian Industry Group (AIG)
published the report: Employers’ Views
on Workplace Literacy and Numeracy
Skills in May 2010 as part of the National
Workforce Literacy Project (AIG, 2010).
Heather Ridout, then CEO of AIG,
said in her introduction: “It is clear that
inadequate levels of workplace literacy
and numeracy are having negative impacts
on productivity and workplace safety. The
findings of this report are most disturbing
and the time for action is now.”
In addition the Australian Bureau of
Statistics (ABS) is taking part in the
Organisation for Economic Cooperation
and Development’s (OECD) Program
for International Assessment of Adult
Competencies which includes literacy
skills. The fieldwork for this was done in
2011 (DEEWR, n.d) and the results will
be an important pointer to anticipated
difficulties in using occupational health
and safety (OHS) documents. In addition
the Program for International Student
Assessment (PISA), which last sampled
mid-high school students in 2009, is also
an important indicator of literacy standards
for students on the cusp of entering the
workforce (OECD, 2010).
While improving workplace literacy
is important there should also be a
focus on improving the readability of
documents, including OHS documents.
Both contribute to the effective use of
documents in the workplace.

JOURNAL OF HEALTH AND SAFETY, RESEARCH AND PRACTICE

DuBay (2004) cites Grey and Leary
who identified 80 style variables with an
impact on readability, of which 64 were
countable. Vocabulary and sentence
length were found by Kintsch and Miller
(1981) to be the strongest predictors of
readability. Readability analysis must
be used with caution (Meade and Smith,
1991, Janan and Wray, 2011), but it
remains a useful tool for improving
comprehension of documents in the
workplace. As Janan and Wray say in
regard to school students, “It needs to be
accepted, however, that [readability tests
are] an initial indication.... Readability
formulae may have a place in a busy
classroom, but [formulae] can never be
... the only source of information about
text difficulty”. Similar comments can be
made about workplace documents.
Previous papers have addressed the
issue of readability of OHS documents
(Taylor, 2010, 2012a, and 2012b).
These addressed Australian and some
overseas governments’ OHS documents,
and a sample of business organisations’
OHS documents. The first paper used
two measures of readability including
McLaughlin’s (1969) Simple Measure of
Gobbledygook (SMOG) reading grade,
and the Flesch-Kincaid formula used
by Word ® (Flesch 1948, Kincaid et al
1975). The second paper made use of six
techniques, some for foreign languages,
and the third used McLaughlin’s formula
alone. For more on readability and
formulas see DuBay (op. cit.). The reading
grade assessed by SMOG is the US school
grade in which a student should be able
to fully comprehend a document with that
grading.
Flesch-Kincaid (op. cit.) uses average
number of syllables and average sentence
length. SMOG selects three or more
syllables as the cut-off and assumes that
the number of polysyllabic words reflects
sentence length if the sample contains at
least 30 sentences.
SMOG measures the reading grade
using the formula Grade = 1.043 sqrt(y
x 30/z) +3.13, where y is the number
of words of three syllables or more in a
sample of text, and z is the number of
sentences in the sample (which should be
30 or more). Note that the standard error
Volume 5 Issue 1 • March 2013

in SMOG is 1.5 grades. If we want to
reduce the grade from 13 to 11 (i.e. from
early university to Year 11), we could
assume for example that the constant
of 3.13 could be reduced by 1 to reflect
better general literacy today 40 years after
SMOG grades were developed, or better
general literacy in Australia compared to
the US, on which the SMOG grade was
based. However to do that would first
require validation through research, such
as that currently being conducted by
DEEWR (op. cit.).
While acknowledging that readability
is influenced by a range of factors,
reducing the number of words of three
or more syllables can have a significant
effect. For example, if there are 100 such
words per 30 sentences we would need to
reduce them to 64 to reduce the SMOG
readability grade by two grades. Shorter
synonyms would need to be found for 36
or about a third of all words of three or
more syllables, if no word of that type is
repeated in the sample. Of course in some
cases the same substitution can be done
a number of times because certain three
or more syllable words will be used more
than once in any sample from company
procedures. This helps to further lower
the readability grade, and hence may
contribute to better comprehension of
OHS documents by workers.
Method
McLaughlin’s SMOG method was selected
for this research. It has been used by
Harvard University for health documents
(Anderson and Rudd, 2006) and by the
US Office of Cancer Communications for
patient and public health communications
(DHHS, 1982).
For this paper, the parts of twelve OHS
procedures or guidelines previously used
for readability studies (Taylor, 2012b)
were examined. These twelve procedures
were taken from one company, and
covered a range of management levels
and styles of presentation. This yielded a
total of 472 sentences. In this earlier study,
the mean literacy grade required to fully
comprehend this company’s documents
was found to be 12 (equivalent to US high
school graduate) using McLaughlin’s
(op.cit.) SMOG readability formula.
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In accordance with McLaughlin’s
criteria used for calculating SMOG
readability grades, those words of three
syllables or more were extracted and
listed (see Table 1 for a sample). Note
that this includes a few hyphenated
words used as adjectives. The number of
syllables in this case was based on the full
expression, e.g. “air-purifying”, because
both “air” and “purifying” contribute to
the intended meaning of the adjective. In
contrast to SMOG’s main rationale, the
current publishing trend towards nonhyphenation of such expressions arguably
works against clarity even if it does split
the syllable count between two words.
Results and Discussion
Table 1 shows the beginning of the list of
words extracted according to the criteria set.
TABLE 1
Words of three or more syllables
in the selected body of OHS
documents

abrasive
acceptable
accessing
accidents
accordingly
accountability
accumulating
accumulation
accumulators
acetylene
achievement
achievements
acknowledgement
activities
activity
additional
adequate
adequately
adherence
adjusted
adjusting
adjustments
administrative
admixture
advantageous
adversely
advising
aeration
aerators

aggregate
aggressive
agitator
airconditioners
air-purifying
alignment
alkaline
alternatively
aluminium
amendment
amenities
Table 2 shows the beginning of a list of
some suggested words which could be
substituted for some of the words in the
list of which Table 1 is a sample. In some
cases it could be a simple word swap; in
others rephrasing may improve readability.
Of course care must be taken to look at the
context when making any substitution, to
ensure that the replacement word suits that
context and does not change the meaning
or introduce ambiguity.
TABLE 2
Words with a suggested substitute

Original word
acceptable
accessing
accordingly
accumulating
accumulation
additional
adequate
adequately
adherence
adjusted
adjusting
administrative
admixture
advantageous
adversely
advising
aggregate
aggressive
airconditioners
alkaline
alternatively
amendment
annually
appliance
applicable
applying

Suggested substitute
OK
getting in
so
building up
build-up
more
enough
well
sticking to
fine tuned
fine tuning
admin
mix
worthwhile, a plus
badly
telling
crushed stone
thorough
aircon
caustic (where appropriate)
instead, or
change
once a year
tool, gear
apt, correct
using, doing
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appropriate
approximate
approximately
areas
arises
articulation
assessment
assessments
assistance
atmosphere
attaches
attachments
attempting

apt, correct, right
about
about, roughly
places, spots
happens
joints, jointing
testing
testing, tests
aid, help
air
joins, sticks
add-ons
trying, aiming

The list from which Table 1 is taken
contains a total of 540 words of three or
more syllables, keeping in mind the earlier
comment on hyphenated words. If the
parts of hyphenated words are assessed
separately, the count may vary slightly.
The list from which Table 2 is taken
contains 350 words. In the full table words
requiring a phrasing change are indicated
as well as those where a particular sense
of the word is involved.
So, even if each suggested substitute
word is used only once in the 472
sentences analysed, 65 in every 100 words
of three syllables or more will have been
replaced. That would reduce the reading
grade needed for full comprehension by
2.5 grades. Any word of three or more
syllables replaced more than once further
reduces the readability grade needed for
full comprehension of the text. That is,
540 words of three syllables or more each
used once in 472 sentences gives a SMOG
grade of 9. To yield a SMOG grade of
12 (Taylor, 2012b) many of those words
would need to have been used more than
once.
There is a need for caution in making
some word substitutions, for reasons now
described. The list, of which Table 2 is a
sample, includes some singular and plural
forms of words because, for example,
“consideration” and “considerations” can
be used with significantly different basic
meanings. It also includes different parts of
speech based on the same word root such
as “accumulators” and “accumulation”.
“Accumulators” in these procedures
referred to hydraulic pressure storage
devices, while “accumulation” had its
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commonly used meaning of collecting
together. A word like “position” can be used
in both noun and verb parts of speech, with
“place” as a substitute for both the noun and
the verb. “Abrasive” as the noun could be
replaced by “grit”, but not as the adjective
unless it precedes “blasting”.
In a further example, care may be
needed before replacing a word with a
shorter one where words made from the
same root have important nuances. For
example a workplace may have a hazard
register, that is a hazard record, while a
training organisation may be registered,
that is licenced, with an OHS authority
to train workers in high risk work such as
crane operation.
Overarching concerns may dictate that
certain words be left as is. For example,
replacing “synthetic” with “man-made”
could of course raise the gender equity
issue.
Also there are occasions where it may
be necessary to use a specific word having
three syllables or more. Such words may
have specific technical meanings (e.g.
polysulfide and orthophosphate) or be
proper nouns. Often too people feel that
the simpler word is acceptable in speech
but less so in writing. Replacing words
of Latin or Greek origin with those of
Anglo-Saxon origin may assist. An
example that appeared in one procedure
is “decomposing organic material” where
“rotting matter” is shorter and clearer.
Some care may need to be exercised
from a legal viewpoint. If for example the
document contains the word “practicable”
(even though it is four syllables) it may be
advisable not to replace it with a phrase
such as “can be done” because it is without
doubt a key word in OHS legislation,
qualifying the words “duty of care”. The
key word “consultation” (four syllables
again) might also be left as is, rather than
seeking a shorter substitute.
There is also the issue of authority.
Just as certain accents affect the way the
hearer regards the speaker’s authority (Fry
2012), certain words can also have that
effect. Thus care is needed in replacing
them to ensure that users are aware that
the new words are intended to carry as
much weight in a procedure as the original
words. An example is “non-compliances”
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versus “errors”.
Another issue is that of certain words
used in a variety of workplaces in
particular areas of work. Emailing to seek
information but using an alternative shorter
word could lead to misunderstanding if
the recipient isn’t used to the shorter word.
For example, with respect to electricity
“energised”, though longer, may be
preferable to “live”. “Isolate”, though
longer than “switch off”, may likewise
have a different connotation.
Simplification may present problems
for workers moving to another employer
who has not espoused readability.
National sources such as DEEWR’s
Workplace English Language and Literacy
(WELL) program could conceivably
assist by suggesting a standardised set of
replacement words, giving organisations
the option of choosing to use those words.
This standardised approach to key OHS
words has been used in a twelve language
approach to comprehension issues in the
workplace (Paul 2013).
It is suggested that employers could
start by replacing a limited range of words
and gradually increasing the number. An
alternative would be to change to a fuller
range of words immediately, and use the
revised procedures in a pilot project.
A different phrase or sentence
construction may help in the goal of
improving readability. For example, try
replacing “it is possible to” with “you can”.
Here is an example of the main
proposal in this paper in action. It uses a
sample of one small part of the sentences
in the procedures used in this paper and
shows how they would look before and
after replacement of some words of three
syllables or more, together with some
change in phrasing. The original sentences
are: “Position testing vehicle in location
i.e. away from traffic, concrete pump,
crane and operating machinery etc. to
avoid noise, dust, fumes etc. Undertake
a visual assessment of the site when
driving or walking onsite for excavations,
building materials etc. Inform truck
driver of intention to sample the load.”
The revised sentences would be: “Park
testing ute (or van) away from traffic,
concrete pump, crane and working gear to
avoid noise, dust, fumes etc. Look at site
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before you drive or walk on it for holes,
building materials etc. Tell truck driver
you want to sample the load.” Note, for
example, the phrase change “undertake
a visual assessment of the” to “look at”.
Leaving out the definite article “the” in
these sentences (i.e. before “testing” and
“truck”) may actually aid readers whose
first language does not use a definite
article.
Perhaps there is scope for a limited
range of approved short forms of some
common workplace words. For example,
“admin, info and IT” are fairly commonly
accepted. In Germany before World War
II, for example, “Elt” was suggested as
a recognised short form of Elektrizität
(electricity). We accept acronyms like
“PTW” (permit to work) and “FEL” (front
end loader), which appear in the full list of
which Table 1 is a sample.
As an aside, it has been noted in
the course of these studies that some
procedure writers misapply the words
“substitute for” when applying the
hierarchy of controls. The procedure
writer writes “substitute solvent A for
solvent B”, where they intend solvent B to
be the preferred choice. It is better to use
“replace solvent A with solvent B”.
Conclusion
There is considerable scope for improving
the readability of OHS documents by
replacing some longer words with shorter
ones, sometimes with slightly altered
phrasing. However, it is necessary to
consider whether the document loses
weight or authority by doing so and
whether the specificity or wanted nuance
of a word is changed. Training could be
used to overcome some of these potentially
negative effects, as could glossaries clearly
defining the replacement word. That is, a
list like that in Table 2 would include the
intended definition. At first sight, the need
for a new glossary might suggest no real
advance has been achieved. But as part
of an economy-wide transition, providing
simpler stock versions of words used in
OHS would allow people to select new
terms for old with some confidence that
others are doing the same.
It is not suggested that improving
readability need necessarily involve
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shortening sentences as well, although
that is a further option. However, Pearson
(2009) notes that text may become harder
to understand if sentence length is reduced
by omitting connectives linking clauses,
using simpler but less nuanced vocabulary,
changing the flow of topic and comment
relationships in paragraphs, and removing
the statements which give the conditions
under which generalisations apply.
Finally, it should be stressed that none
of the above is to suggest that programs
aimed at improving the literacy levels of
workers themselves should be scaled back.
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