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ABSTRACT
This study assessed self-reported heat strain symptoms in workers of a state wide electrical
utility distributor to determine risk differences between age groups, geographical work regions
and work units. Out of a total 3,250 workers, 918 (�28%) outdoor staff completed an online
survey, which assessed the frequency of self-reported heat strain symptoms in the work and
post-work settings, factors contributing to symptoms and symptom management. Heat strain
symptoms were grouped into chronic low-grade cases and isolated high-grade cases based on
the severity and frequency of symptoms. The risk (likelihood) of an employee being classified
as either a chronic low-grade or isolated high-grade case was calculated and compared to the
mean risk of all categories to determine risk difference, expressed as �1.00 to 1.00. For chronic
low-grade cases, the 41–50 years age group had significantly increased risk (þ0.08, p< 0.05)
while the over 60 years age group had significantly decreased risk (-0.14, p< 0.05). Two of the
three regions (p< 0.01) and three of the nine work units also demonstrated risk differences
(p< 0.01) for chronic low-grade cases. Work units were the sole grouping to demonstrate risk
difference for isolated high-risk cases. Work units with greater exposure to heat and higher
requirement for protective clothing, such as Underground (þ0.19, p< 0.05), Overhead –
Predominantly Live Line (þ0.18, p< 0.01), and Overhead – Distribution and Transmission
(þ0.11, p< 0.05) were at greater risk of reporting heat stress symptoms. This study demon-
strates that the pattern of self-reported chronic low-grade heat strain cases differs to isolated
high-grade cases within the electrical utility industry. Age, geographical location, and work
unit independently alter the risk of chronic low-grade heat strain, while the risk of isolated
high-grade heat strain was only related to work unit. These outcomes support implementation
of a flexible and targeted approach to heat stress management in large and diverse organiza-
tions in which employees are routinely exposed to heat.
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Introduction

Australian outdoor workers can experience harsh cli-
matic conditions across all the continent’s climatic zones
(Jay and Brotherhood 2016). This is particularly evident
during the summer months with the prevention of heat-
related occupational injuries becoming a significant
focus area of organizational Health, Safety and
Environment (HSE) teams (Xiang et al. 2015). While cli-
matic exposure is generally implicated in occupational
heat-related illness and injuries, a host of factors may
contribute, including occupational task demands, the
wearing of personal protective equipment (PPE), and
personal factors (Oppermann et al. 2018).

Through generation and distribution of power to
customers, the electrical utility industry combines the
aforementioned elements through routine exposure of
workers to high ambient temperatures and humidity.
The net heat load of these workers is also influenced
by radiant heat sources and the requirement to wear
PPE. Increased metabolic demands of time-sensitive
workloads during power restorations and emergency
responses further exacerbate the risk of heat impacting
worker health.

Despite the size of the industry globally, relatively
little research has been published regarding the impact
of heat on electrical utility workers. To date, research
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has focused on physiological responses, including core
body temperatures reported from Australian (n¼ 20)
(Brearley et al. 2015) and North American (n¼ 32)
(Meade et al. 2015) workers. Notwithstanding the
modest sample, that >50% of the monitored workers
attained core temperatures exceeding the threshold
limit of 38.0 �C (ISO9886; WHO) suggests heat stress
is an issue within the electrical utility industry. While
spot core temperature measurements during a work
shift provide some insight into the risk of heat-related
illness, continuous monitoring is necessary as thermal
strain may be cumulative across consecutive work
shifts (Meade et al. 2017). Furthermore, the response
to working in the heat across an entire season, as
occurs in the context of field settings, may vary con-
siderably to what is observed during a given work
shift. Typically, electrical utility workers are not
physiologically monitored in the field. Under standard
conditions, workers monitor themselves and their

colleagues based upon subjective signs and symptoms
(Oppermann et al. 2018). Despite this widespread
approach, the prevalence of self-reported heat stress
symptoms in electrical utility workers remains largely
unreported, thereby preventing analysis of potential
contributors to heat stress, including workers age
(Larose et al. 2013), their work region (Brearley et al.
2016), and/or their work unit. Hence, the purpose of
this study was to assess the self-reported frequency of
heat strain symptoms in Australian electrical utility
workers to determine if risk was associated with age
group, geographical work region, and/or work unit.

Methods

Study population

The study population (N¼ 3,250) was a sample of
convenience, comprising of field-based employees in
an Australian, state government-owned, electricity

Figure 1. The delineation of the three geographical regions (Northern, Southern, and South East) across the state of Queensland.
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distributor. The organization was Australia’s largest
energy distributor and services the entire state of
Queensland (Figure 1), an area covering approxi-
mately 715,000 square miles (18,50,000 km2). Field-
based workers are responsible for designing, planning,
installing, and maintaining the overhead and under-
ground electricity network across the state
of Queensland.

Survey and timing

The cross-sectional questionnaire incorporated ele-
ments from previous heat stress surveys (Hunt 2011;
Carter et al. 2020) and was hosted by SurveyMonkey
(San Mateo, CA, USA)—copies of the complete survey
are available from the lead author upon request.
Potential respondents to this survey were advised of
its availability via a range of organizational communi-
cation channels (e.g., email with embedded link, work
group meetings, private Facebook account only access-
ible by staff, internal intranet news service, SMS to
work mobile). The questionnaire assessed heat expos-
ure in the work environment, negative impacts, and
symptoms of heat exposure during the October to
April period of 2018–2019, otherwise known as the
“Storm Season” within the Australian electrical utility
industry. This period crosses the summer months and
results in higher workload due to storm damage,
related network emergency repairs, and service restor-
ation to the community. Mean historical storm season
environmental conditions can be seen in Table 1. This
study had ethics approval (institutional ethics approval
number ECN-19-036), with electronic informed con-
sent provided by participants prior to survey com-
mencement. The questionnaire was made available
online in May 2019 for a period of approximately
four weeks. As part of standard workplace training,
workers undergo heat stress education that includes
recognition of signs and symptoms of heat strain. As
such, this cohort of workers were familiar with the
terminology used in the survey.

While the term “field based workers” is used to
describe workers that are responsible for designing,
planning, installing, and maintaining the overhead
and underground electricity network, different work
units with differing roles exist under the broad

classification of field workers. Respondents repre-
sented members of all nine organizational functional
work units: (i) Underground (distribution and trans-
mission); (ii) Overhead (distribution and transmis-
sion); (iii) Overhead (predominantly live line); (iv)
Substations; (v) Test and Secondary Systems; (vi)
Customer Service; (vii) Remote and Embedded
Generation; (viii) Support Teams (e.g., design and
engineering); and (ix) Multifunctional Crew. Further,
and as per the organizational structure, workers were
divided into three geographical regions: Northern,
Southern, and South East (Queensland) (Figure 1).

Outside of large-scale emergencies such as natural
disasters, workers generally only operate within their
geographical region. As such workers will generally
only be exposed to the climatic conditions within the
geographical region they are located. Worker age, and
years worked in each respective region, can be seen in
Tables 2 and 3, respectively. Out of those workers,
99.5% were full-time, working a minimum of 72 hr
across a 9-day fortnight. As an example, a worker could
work 5 days in the first week of a given fortnight and 4
days in the second week, resulting in 9 days of work
being completed over a 14 day timeframe. While a
worker completes a minimum of 72 hours across those
9 days, emergency restoration work could result in add-
itional hours being completed as overtime.

Statistical analysis

Data analysis was performed using SPSS (V25) (IBM
Corp. Released 2017. IBM SPSS Statistics for Windows,
Armonk, NY). For the purpose of analysis, heat strain
symptoms from the survey data (Table 4) were grouped
to form two case definitions of heat illness (i.e., heat
exhaustion and heat stroke). This is in line with previ-
ously published research (Carter et al. 2020). A chronic
low-grade case was defined as workers reporting daily
or weekly frequency of any of the following symptoms:
rash, muscle cramps, headache, nausea, dizziness,
fatigue, and irritability. An isolated high-grade case was
defined by any report of vomiting, fainting, irrational
behavior, low coordination, confusion, loss of con-
sciousness, or convulsions during the study period.

Binary variables (0, 1) were computed to identify
cases of: (i) chronic low-grade and (ii) isolated high-

Table 1. Mean historical storm season environmental conditions.
Environmental Variable South East Region Southern Region Northern Region

Maximum Temperature (oC) 27.9 31.0 31.8
Minimum Temperature (oC) 18.3 18.8 21.6
Days > 30oC (%) 21.5 58.2 67.9
3pm Relative Humidity (%) 57.4 39.4 53.1
3pm Wet Bulb Temperature (oC) 20.6 20.3 22.7
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grade for use as response variables in regression mod-
els. The SPSS GENLIN procedure was used to fit bin-
ary logistic models for these regression analyses. The
binomial probability distribution was assumed for the
response variables. The logistic function was used as
the link function between the response and predicator
variables. Model results were back-transformed from
the logistic scale to the probability (or proportion)
scale for reporting.

Risk was estimated as the frequency of the target
category (e.g., frequency of chronic heat stress) as a
proportion of the frequency of all categories (e.g., fre-
quency of chronic heat stressþ frequency of not
chronic heat stress), i.e., risk estimate¼ frequency of
target category/frequency of all categories.

In order to avoid a multiplicity of comparisons
between pairs in large sets of categories, the risk expe-
rienced by each category was compared to the mean
risk for all categories (e.g., risk for workers in the sub-
stations work unit–mean risk for workers in all work
units). This is presented as estimated risk differences
in the results. A negative risk difference indicates that
the category (e.g., substations work unit) has a lower

risk than the mean risk for all work units combined.
A positive risk difference indicates the opposite, that
is that the category (e.g., substations work unit) has a
higher risk than the mean risk for all work units com-
bined. Statistical significance was set at p< 0.05, and
the Bonferroni method was used to adjust for multiple
comparisons.

Results

A total of 918 employees completed the survey, repre-
senting a participation rate of �28%. Of these, �95%
were male, �4% were female, and �1% did not dis-
close gender.

Heat strain symptoms

Chronic low-grade cases
Risk. Table 5 summarizes the risk of an employee
being classified as a chronic low-grade case based on
age group, work region, and work unit. The risk of
being classified as a chronic low-grade case ranged
from 36–58% across age groups, from 44–60% across
work regions, and from 18–71% across work units.

Risk difference. Table 6 reports the estimated differen-
ces in risk of chronic low-grade cases between age
groups, work regions, and work units. Two of the five
age groups had risk differences that differed signifi-
cantly from the mean risk for all age groups combined.
The 41–50 year old age group was at significantly
increased risk (þ0.08, p< 0.05) and the over 60 years
age group was at significantly less risk (-0.14, p< 0.05).
The Southern region was at significantly less risk (-0.08,
p< 0.01) while the South East region was at signifi-
cantly increased risk (þ0.07, p< 0.01).

Three of the nine work units had risk differences that
differed significantly from the mean risk for all work units

Table 2. Number and percentage of workers (N¼ 918) in
each age group across the study cohort.
Age group n (%)

<21 5 (0.5)
21–30 112 (12.2)
31–40 293 (31.9)
41–50 272 (29.6)
51–60 178 (19.4)
>60 58 (6.3)

Table 3. Years worked in the geographical region that the
worker (N¼ 918) was based in at the time of the survey.
Years n (%)

<1 16 (1.7)
1–5 77 (8.4)
6–10 159 (17.3)
>10 666 (72.6)

Table 4. Frequency of heat stress symptoms prior to grouping and analysis. Raw data displayed is the number of workers
(N¼ 918) experiencing a given symptom. The percentage of the sample experiencing the symptom is shown in brackets.
Symptoms Never Rarely Monthly Weekly Daily

Red rash on skin 410 (44.7) 248 (27.0) 96 (10.5) 108 (11.7) 56 (6.1)
Muscle cramp 324 (35.3) 293 (31.9) 134 (14.6) 129 (14.1) 38 (4.1)
Headache 185 (20.2) 296 (32.2) 187 (20.4) 214 (23.3) 36 (3.9)
Nausea 536 (58.4) 273 (29.7) 71 (7.7) 32 (3.5) 6 (0.7)
Dizziness 542 (59.0) 271 (29.5) 62 (6.7) 37 (4.0) 6 (0.7)
Vomiting 828 (90.2) 80 (8.7) 6 (0.7) 1 (0.1) 3 (0.3)
Fainting 861 (93.8) 50 (5.5) 3 (0.3) 3 (0.3) 1 (0.1)
Fatigue 116 (12.7) 296 (32.2) 173 (18.9) 239 (26.0) 94 (10.2)
Irritability 258 (28.1) 257 (28.0) 152 (16.6) 172 (18.7) 79 (8.6)
Confusion 624 (68.0) 212 (23.1) 37 (4.0) 30 (3.3) 15 (1.6)
Irrational behavior 612 (66.7) 211 (23.0) 46 (5.0) 34 (3.7) 15 (1.6)
Low coordination 604 (65.8) 235 (25.6) 48 (5.2) 21 (2.3) 10 (1.1)
Loss of consciousness 898 (97.8) 16 (1.7) 0 (0.0) 3 (0.3) 1 (0.1)
Convulsions/seizures 909 (99.0) 8 (0.9) 0 (0.0) 1 (0.1) 0 (0.0)
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combined. Underground (þ0.19, p< 0 .01) and Overhead
(predominantly live line) (þ0.20, p< 0.01) were at signifi-
cantly increased risk, while support teams were at signifi-
cantly less risk (-0.33, p< 0.01).

Isolated high-grade cases

Risk. Table 5 outlines the risk of an employee being
classified as an isolated high-grade case based on age
group, work region, and work unit. The risk of being
classified as an isolated high-grade case ranged from
43–53% across age groups, from 42–50% across work
regions, and from 19–63% across work units.

Risk difference. Table 6 reports the estimated differ-
ences in risk of isolated high-grade cases between age
groups, work regions, and work units. None of the

five age groups had risk differences that varied signifi-
cantly from the mean risk for all age groups com-
bined. While the three regions did not demonstrate
risk differences that differed significantly from mean
risk for all age regions combined, there was a trend
toward Southern having a lower risk (-0.05, p¼ 0.08).
Four of the nine work units had significant risk differ-
ences. Underground (þ0.19, p< 0.05), Overhead (dis-
tribution and transmission) (þ0.11, p< 0.05), and
Overhead (predominantly live line) (þ0.18, p< 0.01)
were at significantly increased risk, while support
teams were at significantly less risk (-0.24, p< 0.01).

Discussion

It is well documented that numerous task-specific fac-
tors, such as exposure to solar radiation, uniforms,

Table 5. Risk of an employee being classified as a chronic low-grade or isolated high-grade case based on age group, work
region, and work unit.

Predictor Categories

Chronic low-grade cases Isolated high-grade cases

Risk SE 95% CI Risk SE 95% CI

Age Group Up to 30 0.56 0.05 0.47–0.65 0.44 0.05 0.36–0.54
31–40 0.55 0.03 0.49–0.60 0.43 0.03 0.37–0.49
41–50 0.58 0.03 0.52–0.64 0.53 0.03 0.47–0.59
51–60 0.45 0.04 0.38–0.52 0.49 0.04 0.42–0.56
Over 60 0.36 0.06 0.25–0.49 0.45 0.07 0.33–0.58

Work Region Northern 0.53 0.03 0.47–0.58 0.50 0.03 0.44–0.55
Southern 0.44 0.03 0.39–0.50 0.42 0.03 0.36–0.48
South East 0.60 0.03 0.55–0.65 0.50 0.03 0.45–0.56

Work Unit Underground 0.70 0.06 0.58–0.80 0.63 0.06 0.51–0.73
Overhead (D&T) 0.56 0.03 0.50–0.61 0.54 0.03 0.48–0.60
Overhead (LL) 0.71 0.04 0.63–0.78 0.61 0.04 0.53–0.69
Substations 0.45 0.06 0.34–0.56 0.43 0.06 0.32–0.54

Test and Secondary Systems 0.48 0.06 0.37–0.61 0.38 0.06 0.27–0.50
Customer Service 0.64 0.05 0.54–0.74 0.50 0.05 0.40–0.60

Remote and Embedded Generation 0.40 0.11 0.21–0.62 0.25 0.10 0.11–0.48
Support Teams 0.18 0.04 0.12–0.26 0.19 0.04 0.13–0.27

Multifunctional Crew 0.48 0.06 0.37–0.61 0.45 0.06 0.34–0.57

Table 6. The estimated differences in risk of chronic low-grade or isolated high-grade case between age groups, work regions,
and work units.

Predictor Categories

Chronic low-grade cases Isolated high-grade cases

Risk SE 95% CI P Risk SE 95% CI P

Age Group Up to 30 0.06 0.04 �0.03–0.16 0.58 �0.02 0.04 �0.12–0.07 1.00
31–40 0.05 0.03 �0.02–0.11 0.62 �0.04 0.03 �0.11–0.03 0.95
41–50 0.08 0.03 0.01–0.15 0.04� 0.06 0.03 �0.01–0.13 0.18
51–60 �0.05 0.03 �0.13–0.03 0.70 0.02 0.03 �0.06–0.10 1.00
Over 60 �0.14 0.05 �0.26–0.00 0.04� �0.02 0.05 �0.15–0.11 1.00

Work Region Northern 0.00 0.02 �0.06–0.07 1.00 0.02 0.02 �0.04–0.09 1.00
Southern �0.08 0.02 �0.15–0.01 0.00� �0.05 0.02 �0.12–0.01 0.08
South East 0.07 0.02 0.01–0.14 0.00� 0.03 0.02 �0.03–0.09 0.55

Work Unit Underground 0.19 0.05 0.07–0.30 0.00� 0.19 0.06 0.06–0.31 0.01�
Overhead (D&T) 0.05 0.03 �0.02–0.12 1.00 0.11 0.03 0.03–0.18 0.02�
Overhead (LL) 0.20 0.04 0.11–0.29 0.00� 0.18 0.04 0.08–0.27 0.00�
Substations �0.06 0.05 �0.17–0.60 1.00 �0.01 0.05 �0.12–0.11 1.00

Test and Secondary Systems �0.03 0.06 �0.15–0.10 1.00 �0.06 0.06 �0.18–0.07 1.00
Customer Service 0.13 0.05 0.02–0.24 0.06 0.07 0.05 �0.04–0.18 1.00

Remote and Embedded Generation �0.11 0.10 �0.30–0.11 1.00 �0.18 0.09 �0.33–0.05 0.26
Support Teams �0.33 0.04 �0.40–0.24 0.00� �0.24 0.04 �0.32–0.15 0.00�

Multifunctional Crew �0.03 0.06 �0.15–0.10 1.00 0.02 0.06 �0.10–0.15 1.00
�Significantly different from the mean risk of all categories for the predictor variable (P<.05).
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PPE, metabolic demands of the job, radiant heat sour-
ces, and capacity to self-pace influence the thermal
load that a worker is exposed to (Hodder and Parsons
2007; Jay and Brotherhood 2016; Miller et al. 2011;
Yang and Chan 2017). In the present study, the
observed risk differences between work units were
largely expected from a thermal physiological perspec-
tive. Roles that had greater exposure to environmental
heat, radiant heat sources, required more extensive
PPE, experienced less air flow, and/or had a higher
metabolic requirement, such as Underground
(Distribution and Transmission) and Overhead (pre-
dominantly live line), were associated with higher
risks of both chronic low-grade cases and isolated
high-grade cases (Tables 5 and 6). As such, electrical
utility workers cannot be grouped as a single unit and
these risk differences between working groups should
be considered when implementing risk mitigation
strategies. As an example, some of the exposure to
heat could be reduced in higher risk groups, such as
overhead live line workers, by scheduling more of the
planned maintenance works to be conducted in the
cooler months of the year.

The present data was collected in a large cohort
that covered the entire state of Queensland, Australia,
an area of approximately 715,000 square miles
(18,50,000 km2). Thus, it represented a unique oppor-
tunity to examine the impact of regional climatic var-
iations. The Northern region not being at increased
risk may appear aberrant since the Northern region is
classified as a tropical climate zone vs. Southern
(mostly arid/semi-arid) and South East (Subtropical)
regions. However, employees in the Northern region
are exposed to hot and humid conditions year round,
which may be protective as they are likely chronically
heat acclimatized (Brearley et al. 2015; Brearley et al.
2016). Due to less heat exposure during the winter
months workers in the South East may not be as well
adapted for heat and humidity, particularly early in
the summer season (Lui et al. 2014). Likewise, the
Southern region being predominantly arid or semi-
arid typically experiences significantly less humidity
and much drier heat during summer. It is well estab-
lished that evaporative heat loss is more efficient and
thermoregulatory strain is lower in hot dry conditions
vs. hot humid conditions (Maughan et al. 2012;
Mekjavic et al. 2017; Moyen et al. 2014), that likely
explains the lower risk in the Southern
Region workforce.

Age-associated declines in the physiological
response to heat have been reported as early as age
40 years (Larose et al. 2013) and become more

pronounced by age 60 years, making over 60s a vul-
nerable cohort (Balmain et al. 2018). In this study the
over 60s age group were the only group to have a risk
of chronic low-grade cases that was significantly lower
than the risk for all age groups combined (Table 6),
possibly due to a progressive transition into less phys-
ically demanding roles (e.g., supervisory). Only the
41–50 year age group was at significantly greater risk
of chronic low-grade cases (Table 6). This is attributed
to this age group still potentially performing a signifi-
cant amount of metabolically demanding physical
work, which is exacerbated by this age bracket being
associated with a declining capacity to dissipate heat
when compared to younger workers (Larose
et al. 2013).

A key observation was the high number of workers
within the study sample that experienced chronic low-
grade symptoms or isolated high-grade symptoms
(Table 5). In contrast, across the field workforce of
more than 3,250 employees, only 22 heat-related inci-
dent notifications were reported; of these, only one
required hospitalization. The apparent disconnect
between incident notifications and chronic low-grade
symptoms is potentially attributed to under-reporting.
It is possible that workers don’t consider their low-
grade symptoms worthy of reporting, but simply a by-
product of working in the heat and something that is
normalized and “self-managed” (Oppermann et al.
2018). Likewise, at times many such symptoms arise
in the post-exposure period and are dealt with in the
home environment. Previously, it has been suggested
that there can be a latency period between exposure
and symptom onset for many heat-related symptoms
such as headache, irritability, and nausea. This late
onset symptom cluster has been termed a “heat hang-
over” (Brearley 2016).

It is highly unlikely that cases of severe heat
exhaustion or heat stroke would go unreported, as
such cases would require medical intervention and
would automatically generate an incident notification.
Knowledge gained from experience working in the
heat may allow a worker to be highly attuned to affer-
ent thermoregulatory feedback. Consequently, experi-
enced workers may be able to make behavioral
adjustments that allow them to operate very close to
severe heat illness (Schlader et al. 2011). Thus, a
worker may occasionally experience severe symptoms
without experiencing an explicit medical event that
automatically generates an incident notification.

Inherent limitations should be considered when
interpreting the results of this study. Participation was
voluntary and as such a response bias may exist in the
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form of an over representation of symptomatic work-
ers. Furthermore, the study was conducted across a
single state within Australia and the results will not
necessarily extend to workers in other climatic
regions. Finally, the research was cross sectional in
nature and required employees to recall their experi-
ences of heat stress symptoms.

Conclusion

This paper is the first large-scale paper reporting on
heat strain symptoms in Australian electrical utility
workers. It presents evidence, within the context of
the environmental setting, showing that workers will
report a high frequency of heat strain symptoms when
working across the hottest months of the year.
Despite this, a very low frequency of heat-related
medical events were noted during the same time
period. It is possible that unmonitored workers, expe-
rienced in working in the heat, can use their symp-
toms as feedback and make behavioral adjustments
that protect them from experiencing more serious
heat illness.

From an OHSE perspective, heat risk is often man-
aged within organizations in a “one size fits all” type
manner. Furthermore, climatic factors are often given
excessive weighting in risk mitigation. In the current
study risk varied significantly based on age, region,
and work unit, with most of that variation having
sound underlying physiological explanation. The large
risk differences observed across this occupational
cohort highlights the need for a flexible and targeted
approach to heat stress management in large and
diverse organizations.
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