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Dear State Secretary,

On 24 March 2008, the Health Council of the Netherlands sent you the advisory report entitled
Heat stress in the workplace. Your Ministry subsequently submitted a written request to the Health
Council, on 23 February 2011, requesting a recommendation concerning “practically manageable
occupational exposure limits” for heat stress (in terms of body core temperature; see Annex A). In
its advisory letter, the Council’s Committee on the Identification of Workplace Risks (see Annex
B) reports its findings on health-based and safety-based occupational exposure limits (OELs) for
heat stress. The advisory letter was reviewed by the Council’s Standing Committee on Health and
Environment.

Conclusions from the foregoing report

The previous report, which was published in 2008, focused on a question posed by the then
Minister of Social Affairs and Employment. The question concerned (international) scientific
insights at the present time, or expected in due course, with regard to health-based or safety-based
OELSs for heat stress in the workplace.' In other words, this involved the options for setting OELs
for heat stress, rather than making recommendations for specific values. In 2008, the Committee
formulated three conclusions with regard to this question:
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= There are health-based, scientifically based OELs for the prevention of short-term adverse
physical effects resulting from heat stress. Some examples of these OELs are the reference
values for ambient heat, expressed as Wet Bulb Globe Temperature (WBGT) ?, in ISO
standard 7243:1989 and the Recommended Alert Limits (RAL) and Recommended Effect
Limits (REL; which are also expressed as WBGT) of the American National Institute for
Occupational Safety and Health (NIOSH).>’ On the basis of current scientific insights, there
is no reason to revise the OELs for short-term adverse physical effects.

=  The OELs in question do not account for the short-term adverse mental effects of heat stress.
Two such effects, highlighted in the scientific literature, are decreased vigilance and impaired
judgment under the influence of heat stress. These can increase the risk of making mistakes,
which can give rise to unsafe work situations. It also emerged that vigilance is affected by
levels of heat stress before any physical effects occur. The scientific literature appears to hold
out the prospect of safety-based OELs associated with mental performance.

= Asyet, too little is known about the long-term effects of heat stress, both physical and
mental, to support specific recommendations for health-based or safety-based OELs.

The scientific data

In response to this report, you requested recommendations for “practically manageable” health-
based OELs. This requires a review of the scientific literature. The Committee accordingly
conducted a literature survey in the online databases PubMed, PsycINFO, and Web of Science
using a series of key words derived from the references cited in the previous report. Further details
of this literature survey are set out in Annex C.

Previous scientific studies have already been summarised in good-quality reviews. The
Committee has therefore focused on primary research articles published during the past ten years.”
> For the purposes of this advisory letter it has used a selection of reviews and recent primary
publications that are relevant to this document.

& Wet bulb globe temperature (WBGT) is an index unit for environmental warmth, that combines measurements of air
temperature (dry-bulb temperature), air humidity and air speed (natural wet bulb temperature) and radiant temperature
(black globe temperature) according to one of the following formulae: WBGTyige = 0.7 Ty + 0.1Tgry + 0.2Tpjqck
(outside in direct sunlight) or WBGT;gqe = 0.7T e + 0.3Ty 1k (inside or outside with no direct sunlight).
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In addition to its survey of scientific literature, the Committee assessed the extent to which
publications by national and international research institutes or organisations that had been
important sources of information in the foregoing report had been revised since 2008. After
consulting their websites, the Committee found that the institutes and organisations had not
amended or replaced their documents in recent years. The bodies in question were the World
Health Organization (WHO), the International Organization for Standardization (ISO), the
American National Institute for Occupational Safety and Health (NIOSH), the American
Conference of Governmental Industrial Hygienists (ACGIH), and the American Occupational
Safety and Health Administration (OSHA).»¢?

The short-term physical effects of heat stress

As described in the previous report, the main adverse short-term effects of heat stress (in work
situations) relate to acute heat illnesses. These range from relatively harmless itchy skin and
blistering, muscle cramps and fainting (heat syncope), to health-threatening heat exhaustion and
heat-stroke.' Heat exhaustion involves an increase in the body core temperature®, to between 38°C
and 39°C; with heat-stroke the body core temperature exceeds 40.5°C.

Other short-term effects of heat stress may include reduced fertility in men who are exposed to
heat stress in the course of their work, such as welders and metal workers, as well as those
working in the ceramics industry and in bakeries. However, it was not possible to derive the
associated levels of heat stress from these epidemiological studies.

More recent scientific literature (i.e. published since 2008), sheds no new light on the effects
in question.

At international level there are a range of different OELs aimed at protecting workers against the
short-term effects of heat stress. These existing OELs are intended to prevent body core
temperature from rising above 38°C. That limit of 38°C is based on a 1969 WHO recommendation
which stated that “it is considered inadvisable for the deep body temperature to exceed 38°C for
prolonged daily exposures in heavy work™.” This recommendation was upheld by experts

° Body core temperature: the temperature inside the trunk and brain; the temperature of the blood in the lung artery

being its standard.
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participating in the 2002 WHO workshop “Adverse temperature levels in the human body”.'’ That
workshop involved an evaluation of scientific data on the effects of hyperthermia on the human
body. Its objective was to establish limit values for radio-frequency electromagnetic fields.

Body core temperature as a biological OEL for heat stress

The Minister of Social Affairs and Employment has asked the Health Council if a body core
temperature of 38°C could serve as a health-based OEL to prevent the short-term effects of heat
stress. This is because current OELs (e.g. NIOSH’s reference values or the ISO standard) are
intended to prevent the body core temperature from rising above 38°C.'° However, the scientific
literature shows that the body core temperature can fluctuate.'' At population level, the mean body
core temperature for both men and women is 37.0°C, with a slight difference in distribution
between genders. '

An individual’s core temperature follows a 24-hour cycle, or circadian rhythm. The lowest
value occurs early in the morning and the highest value in the late afternoon or early evening."
Within any given 24-hour period, the highest and lowest values differ by approximately one
degree Celsius. As a result, some individuals will reach and exceed the 38°C “limit” during their
normal 24-hour rhythm. In women who are ovulating or using hormone-based contraceptives, the
entire 24-hour body-core-temperature curve shifts upwards by about half a degree Celsius."

The body core temperature also varies from one individual to another. This is because the core
temperature is influenced by an individual’s age and fitness level. In the young, and those who are
physically fit, the difference between the highest and lowest 24-hour value is greater than in older
people, and those who are unfit or chronically ill."* The healthier the individual, the greater the
daily range of body core temperature and the greater the chance that they will exceed the 38°C
“limit”. Accordingly, those who exceed this limit are not always at risk. Body core temperatures
(well) in excess of 38°C have been recorded in athletes or experienced workers in physically
demanding occupations, such as fire fighters, soldiers, or miners. Yet the individuals in question

exhibited no symptoms of acute heat illnesses.'*"®

In the light of the individual fluctuations in body core temperature described above, the Committee
concludes that this parameter is not a suitable basis for a health-based OEL. The Committee also
points out that there are certain practical objections to an OEL based on body core temperature.
Temperature measurements in the rectum, oesophagus, and gastrointestinal tract correspond most
closely to body core temperature and are preferable to measurements taken under the tongue, in
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the armpits, or in the ear.!! However, measurements in these areas of the body are difficult to
make, are sensitive to the ingestion of cold or hot drinks, and involve a degree of discomfort for
the worker in question.

Health-based recommended OEL for short-term physical effects

Is the Committee aware of any other options for a health-based recommended OEL that can
protect workers from the short-term effects of heat stress? How relevant are the OELs developed
by two different institutions i.e., the reference values for the WBGT from ISO 7243:1989, and
NIOSH’s Recommended Effect Limits (RELs) and Recommended Alert Limits (RALSs), also in
WBGT.>*" After all, both OELSs aim to prevent the body core temperature from rising above
38°C.

While the Committee takes the view that an OEL based on body core temperature is not
worthwhile, it does see OELSs for ambient heat that prevent body core temperature (at group level)
from exceeding 38°C as a useful way of protecting workers against the short-term health effects of
heat stress.

Scientists see the reference values for ambient heat, expressed as the WBGT, as a good
indicator of heat stress, albeit with some limitations.” The Committee considers the OELs
recommended by NIOSH to be important because of the available health-based evidence which,
unlike the ISO standards, is well documented in the report itself.’* NIOSH’s WBGT values can be
derived from two graphs, one for acclimatised individuals (REL) and one for unacclimatised
individuals (RAL). The WBGT values for ISO 7243:1989 are documented in table format. They
have been published by various parties, including Parsons in 2006 (Table 1).*' Although NIOSH
was involved in the development of ISO 7243:1989, the reference values of both institutions are
not an exact match. For light and moderate levels of physical exertion (up to 200 Watts/m® or 360
watts for total skin surface), the ISO standard and NIOSH have the same WBGT values. The ISO
values for high and very high levels of physical exertion are a few degrees lower than those
developed by NIOSH. This is because the ISO values take “sensible air movement” into account.
In case a workplace lacks “sensible air movement”, the ISO standard at high levels of physical
exertion is lower than the NIOSH standard. However, the Committee points out that the ISO
standard does not provide a clear definition of “sensible air movement”, which tends to undermine
any attempt to distinguish between these OELs.
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Table 1 15O 7243: Reference values for the WBGT index for external heat stress (according to Parsons 2006).

Metabolism (M) WBGT reference value
Acclimatised individual Unacclimatised individual

watt/m” °C °C

Atrest M <65 33 32

65 <M <130 30 29

130 <M <200 28 26

200 <M <260 25 (26)* 22 (23)*

M > 260 23 (25)* 18 (20)*

* Figures in parentheses apply to the situation with sensible air movement and correspond to the NIOSH
standards.

When all of the available scientific information is taken into consideration, the Committee sees no
reason to revise its conclusion in the previous report, which was that there are health-based,
scientifically supported OELs available that can prevent the short-term adverse physical effects of
heat stress.

Short-term mental effects cannot be quantified

In its 2008 report, the Committee wrote that heat stress can also adversely affect various mental
functions.' An increase in ambient temperature causes a decline in vigilance, more mistakes and
accidents, as well as reduced short-term memory and concentration, and greater psychological
distress.

Following an exhaustive examination of the scientific literature, the Committee concludes that,
since the end of the 20th century (when the reviews by Ramsey, Hancock, Vasmatzidis, and
Pilcher et al. were published), little progress has been made in terms of clarifying the adverse
mental effects of heat stress.*>* In a recent publication, Gaoua summarised the current level of
knowledge in this field and confounding factors in the existing body of research, in addition to
making recommendations for future research.> She hypothesised that the mental effects result
from the brain’s inability to curb the physical effects of heat stress while simultaneously
performing mental tasks.

The Committee endorses the existence of the confounding factors cited by Gaoua in the available
scientific studies. The studies differ in the way that heat stress was generated. This was either done
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passively or by means of physical exertion. They also used different index units for ambient heat.
In many cases, there is no data on the test subjects’ level of hydration/dehydration (the body’s
water balance), their degree of acclimatisation (habituation), and their body core temperature.'
Another noteworthy point is that experimental research on heat stress often involves just two or
three different, widely varying ambient temperatures.** Given these differences, the Committee is
unable to indicate a threshold level below which no adverse, heat-stress-related mental effects
would occur.”?

On several points there is scientific consensus, that vigilance is affected most by heat stress,
followed by dual tasking, then tracking a moving target on a computer. The least affected is simple
mental performance.*'® In other words, the more complex the mental task, the more sensitive it is
to the effects of heat stress. It is also scientifically accepted that mental effects occur at levels of

heat stress where physical effects are not yet observed.'’

Based on Ramsey’s work, and their own
research, Hancock and Vasmatzidis calculated that a body core temperature rise of 0.055°C results
in diminished vigilance, while physical effects occur at an increase of 1.65°C.* The calculations
omitted details of the test subjects’ age or gender, as there was insufficient data on these individual
factors. A recent study found a relationship between daily fluctuations in skin temperature and
vigilance. At constant ambient temperature, a rise of 1°C in skin temperature (measured on the
chest) equated to a 7% reduction in test reaction speed.”® It is not clear whether the skin
temperature measurements in this study reflected fluctuations in body core temperature. In an
earlier study, in which both skin and core temperatures were measured, no relationship between
skin temperature and mental performance were found.”’

As yet, little research has been carried out into the mental effects of heat stress in work
situations. In addition to the studies reported in the 2008 report, the Committee came across a
recent study of 40,000 Thai workers.” In their responses to a questionnaire, 18% of these workers
(prevalence) indicated that they had often been exposed to high temperatures in the course of their
work, during the preceding twelve months. The frequency of cases of psychological distress and
poor health reported by this group of workers was significantly greater than in the other workers,
who had not been exposed to high temperatures. Psychological distress was mainly reported by
men aged from 15 to 29, and poor health in women above the age of 45. The effects under
investigation, which were reported by the workers themselves, spanned a period of four weeks
prior to the study. No definition of “poor health” was given, and the result was based on a single
question in the questionnaire. Psychological distress was the result of three questions. No objective
measures of health effects were made.
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Based on the scientific literature studied, the Committee has determined that a rising ambient
temperature involves a greater risk of making mistakes, possibly resulting in health impairment for
those involved, or others. Although the Committee's previous report (2008) indicated that safety-
based OELs for such effects were a realistic prospect, the data turn out to be insufficient for the
effects to be quantified. Reviews and recent studies show that there are still many scientific issues
surrounding the effects of heat stress on mental performance. Moreover, it appears that even
minimal increases in body core temperature can have an effect on vigilance. Accordingly, it is by
no means certain that it will be possible ever to establish safety-based OELs for the mental effects
in question.

There is still insufficient data on the long-term effects of heat stress

In its previous report, the Committee stated that there has been little or no research into the long-
term physical effects of heat stress. There have been reports of kidney stones and possible effects
on renal function. There is also tentative evidence that heat stress can boost the development of
skin cancer caused by ultraviolet radiation (when working outdoors).! No new studies into any of
these effects have been published since 2008. The Committee did manage to find another three
studies dating from an even earlier period. However, there is still insufficient scientific evidence
on long-term effects of heat stress to provide the basis for a health-based OEL.

According to the experts in the 2002 WHO working group, heat stress can boost the effects of
known carcinogens such as radiation or chemicals, but there is insufficient scientific evidence that
heat stress itself can give rise to tumours. '’

Some workers are at greater risk of heat stress than others

As the Committee stated in its previous report, workers differ in their degree of susceptibility to
heat stress. This is a reflection of the nature of their work, the environmental conditions involved,
and their own personal traits."

The Committee would like to draw attention, once again, to two of these personal traits in
particular — acclimatisation and hydration. The scientific literature shows that worker habituation
to heat stress, and drinking to restrict fluid lost when sweating, can both ameliorate the effects of
heat stress.””" The process of acclimatisation takes seven to ten days. Experienced workers who
perform physically demanding work or who work in a high-temperature environment are therefore
acclimatised and more resistant to the effects of heat stress.”' This is conditional on the restriction
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of water loss through sweating to no more than two percent of body weight.”> New, inexperienced
workers, employees who return from an absence of more than one week, or workers facing heat
stress on hot summer days may be more at risk of making mistakes. They may also run a greater
risk of acute heat illnesses due to heat stress, especially in workplaces where concentration and
alertness are called for or where high levels of physical exertion are required.

There is no data on heat stress in the Dutch working situation

As in the previous report, the Committee notes that no data is available on the number of workers
in the Netherlands who are exposed to heat stress at work. It reached this conclusion after
consulting the 2009 Arbobalans, the 2009 Netherlands Working Conditions Survey (NEA), and
Statistics Netherlands.” Also the Committee is not aware of any data on the frequency, level and
duration of heat stress in Dutch workplaces. In view of the adverse mental effects and potential
safety risks associated with heat stress, the Committee considers it important to point out that 58
percent of the 20,000 employees surveyed in the NEA reported that their work required intense
cognitive effort, 84 percent said that their work required a sustained mental focus, and 75 percent
indicated that their work required considerable attention.” Those working in the areas of
education, financial services, public administration, the health service, welfare, and business
services in particular have experienced an upward trend in cognitive load compared to previous
years.

Recommendation

To protect against the short-term adverse physical effects of heat stress, the Committee upholds
the conclusion, given in its previous report, that health-based OELs for ambient heat (in WBGT)
are already available and prevent the average body core temperature (at group level) from
exceeding 38°C. In this way, these OELSs ensure that the risk of severe acute heat illnesses remains
negligibly small. The Committee prefers the health-based, scientifically supported OELSs
developed by NIOSH. One drawback of the REL and RAL values recommended by NIOSH is that
these WBGT values have to be read-off from a diagram. Accordingly, for the sake of
completeness, the Committee points out that, in the case of light and moderate levels of exertion,
the WBGT values of ISO 7243:1989 match those given by NIOSH and have been documented, in
table form, in Parsons’ 2006 publication (Table 1).21 At high levels of effort, NIOSH’s WBGT
values can also be derived from Parsons’ publication.
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It is not possible to derive a health-based OEL based on body core temperature at individual
level. This is because any given individual’s body core temperature fluctuates too widely.

Regarding the short-term adverse mental effects of heat stress, the Committee concludes that the
risk of making mistakes increases as the ambient temperature and/or body core temperature rises.
However, there is still insufficient scientific data for this to be quantified.

Regarding the adverse, long-term effects of heat stress, the Committee upholds its conclusion
that the scientific data are inadequate to serve as a basis for health-based or safety-based OELs.

Yours sincerely,

(signed)

Professor L.J. Gunning-Schepers

President
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Annex

A

Request for advice

On 23 February 2011, the Executive Director of the Health Council received a request
from the State Secretary for Social Affairs and Employment for an advisory report on
heat stress. The State Secretary wrote (letter G & VW/GW/2011/2388):

On 2 February, I received your letter in response to my request for a statement, in the very near future, on a

health-based occupational exposure limit for the short-term physical effects of heat stress.

In this letter, you indicated that the Committee on the Identification of Workplace Risks is of the opinion
that, in addition to the short-term physical effects of heat stress, consideration should be given to the short-
term mental effects when determining a health-based or safety-based occupational exposure limit. The
Committee indicated that it expects to be able to publish recommended occupational exposure limits for

both effects around the summer of 2011.

Meanwhile, the proposal concerning these occupational exposure limits has been subject to the inevitable
delays. The Ministry of Social Affairs and Employment concurs with your proposal and is confident that the
Committee will be able to deliver a draft recommendation for practically manageable occupational exposure

limits as a function of body core temperature timely.

I look forward to receiving your recommendation.
(signed)
drs. H.EE.M. Seerden

Request for advice



Annex B

The Committee

e Professor T. Smid, chairman
Endowed Professor of Working Conditions, VU University Medical Center,
Amsterdam and working conditions advisor, KLM Health Services, Schiphol-East
e Professor A.J. van der Beek
Professor of Epidemiology of Work and Health, EMGO Institute, VU University
Medical Center, Amsterdam
e Professor A. Burdorf
Professor of Occupational Epidemiology, Erasmus Medical Center, Rotterdam
e H.J. van der Brugge, observer
Ministry of Social Affairs and Employment, Den Haag
*  Professor M.H.W. Frings-Dresen
Professor of Occupational Health, Coronel Institute for Work and Health, Academic
Medical Center, Amsterdam
e Professor D.J.J. Heederik
Professor of Health Risk Analysis, Institute for Risk Assessment Sciences, Utrecht
e Professor J.J.L. van der Klink
Professor of Social Medicine, Work and Health, University Medical Center,
Groningen
e Dr. PC. Noordam, observer
senior advisor, Labour inspectorate, Den Haag
* Dr. T Spee
Occupational Hygiene policy advisor, the Arbouw Foundation, Amsterdam
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e J. van der Wal
Head of Safety, Shell Europa Exploration and Production, Nederlandse Aardolie
Maatschappij (NAM), Assen

* Dr. A.S.AM. van der Burght, scientific secretary
Health Council, Den Haag

The Health Council and interests

Members of Health Council Committees are appointed in a personal capacity because of their
special expertise in the matters to be addressed. Nonetheless, it is precisely because of this expertise
that they may also have interests. This in itself does not necessarily present an obstacle for
membership of a Health Council Committee. Transparency regarding possible conflicts of interest is
nonetheless important, both for the chairperson and members of a Committee and for the President
of the Health Council. On being invited to join a Committee, members are asked to submit a form
detailing the functions they hold and any other material and immaterial interests which could be
relevant for the Committee’s work. It is the responsibility of the President of the Health Council to
assess whether the interests indicated constitute grounds for non-appointment. An advisorship will
then sometimes make it possible to exploit the expertise of the specialist involved. During the
inaugural meeting the declarations issued are discussed, so that all members of the Committee are
aware of each other’s possible interests.

The Committee



Annex

C

Literature survey

As a first step the reference values and OELs mentioned in the advisory report were
checked for revisions and adaptations by consulting the websites of the World Health
Organization (WHO), the International Organization for Standardization (ISO), the
American National Institute for Occupational Safety and Health (NIOSH), the American
Conference of Governmental Industrial Hygienists (ACGIH) and the American Occupa-
tional Safety and Health Administration (OSHA).

Next, the websites of the Dutch Labour Inspectorate, the British Health and Safety
Executive (HSE), the French Agency for Food, Environmental and Occupational Health
& Safety (ANSES), the Finnish Institute of Occupational Health (FIOH), the European
Agency for Safety and Health at Work and the Canadian Occupational Safety were con-
sulted on heat stress guidelines. These websites did not provide new information.

The websites of the National Guideline Clearinghouse, Clinical Evidence and the
Cochrane Library were searched for information on ‘heat’ or ‘fever’. No useful informa-
tion was retrieved.

The following concepts served as a starting point for the systematic literature review
on heat stress as an occupational risk:

* heat (stress), work-related, and health effects (both physical and mental)
e core temperature and health effects (both physical and mental)

Literature survey



Series of key words and MeSH-terms were composed based on the references listed in
the advisory report. Combinations of the series were used to obtain scientific publica-
tions on heat stress from the online databases PubMed, PsycInfo and Web of Science.

PubMed

In April 2011 PubMed was searched with the following combinations:
e #] and #2 and #4
* #1 and #2 and #3

#1 = heat[tiab] or hot[tiab] or high temperature[tiab] or thermal[tiab] or climate [tiab] or
environment[tiab] or WBGT[tiab] or hot temperature[MeSH]

#2 = core temperature[tiab] or body temperature[tiab] or hyperthermia[tiab] or critical
internal temperature[tiab] or thermal dosimetry[tiab] or normal tissue tolerance[tiab] or
physiological limits[tiab] or damage threshold[tiab] or dehydration[tiab] or body tem-
perature regulation[MeSH] or body temperature changes[MeSH] or fever[MeSH] or
heat stress disorders[MeSH]

#3 = mental[tiab] or percept*[tiab] or cognitive[tiab] or psychomotor[tiab] or vigi-
lance[tiab] or performance|[tiab] or attention[tiab] or memory|[tiab] or reaction time[tiab]
or tracking[tiab] or fatigue[tiab] or exhaustion[tiab] or psychological strain[tiab] or
fatigue[MeSH] or psychological stress[MeSH] or neurobehavioral manifesta-
tions[MeSH] or psychological phenomena and processes[MeSH]

#4 = “health effects”[tiab] OR occupational healthfMeSH] OR occupational dis-
eases[MeSH] OR “occupational risk factor’[tiab] OR safety[MeSH] OR safet*[tiab] OR
safety management[MeSH] OR risk management[MeSH] OR sprains and
strains[MeSH] OR wounds and injuries[MeSH] OR health[tiab] OR disorder[tiab] OR
disorders[tiab] OR syndrome[tiab] OR disease[tiab] OR diseases[tiab] OR wounds[tiab]
OR injuries[tiab] OR injury[tiab] OR sprains[tiab] OR strains[tiab] OR pain[tiab] OR
discomfort[tiab] OR risk[MeSH]

Due to the large number of references (approximately 10,000) from the initial survey,

the systematic literature review was restricted to the last ten years. For the period Janu-
ary 2002 until April 2011 over 4,000 publications were retrieved. Based on the title and
subsequently the executive summary, approximately 275 publications were selected that
related to physical or mental effects of heat stress in humans; index units of heat stress;

Literature survey



physical or mental effects of dehydration in humans; heat stress in occupational situa-
tions; or the physiology of body core temperature.

Psycinfo

A similar strategy was used for a systematic literature survey in PsycInfo. The survey
was conducted in May 2011 and for the period January 2002 until May 2011 approxi-
mately 200 publications were retrieved.

Web of Science

Web of Science was searched with a similar strategy. For the period January 2002 until
May 2011 approximately 120 publications were retrieved.

Literature survey



