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When performing physical work, sweat output often exceeds water intake, producing a body water deficit or
dehydration. Specific to the work place, dehydration can adversely affect worker productivity, safety, and
morale. Legislative bodies in North America such as the Occupational Safety and Health Administration
(OSHA) and the American Conference of Governmental Industrial Hygienists (ACGIH) recommend replacing
fluids frequently when exposed to heat stress, such as one cup (250 ml) every 20 minutes when working in warm
environments. However, the majority of legislative guidelines provide vague guidance and none take into
account the effects of work intensity, specific environments, or protective clothing. Improved occupational
guidelines for fluid and electrolyte replacement during hot weather occupational activities should be developed
to include recommendations for fluid consumption before, during, and after work.

Key teaching points:

• Total body water approximates �60% of body mass and normally varies by �3%.
• Maintaining normal total body water (euhydration) is important, as deficits �2% of body mass can adversely impact on aerobic

performance, orthostatic tolerance and cognitive function.
• Studies of occupational accidents report the lowest rates in cold months and highest rates in hot months when sweat losses would

be greatest.
• Physical activity level, clothing / equipment and weather are important in determining fluid needs. Work places that are either in

warm environments, involve high level of physical activity, or both will require greater fluid replacement.
• Measures of body weight and urine color are used in combination with the subjective sense of thirst, can help to provide an

assessment of hydration state.
• Fluid replacement guidelines should take into account work intensity, environment and work-to-rest cycles.

INTRODUCTION

While “normal” hydration is achieved with a wide range of
water intakes by sedentary and active people across the life-
span, homeostasis of body water can be difficult to maintain
when challenged by strenuous physical work and heat stress.
Athletes and industrial workers comprise the populations that
are most often challenged by hydration issues; however, indus-
trial workers are another often-overlooked population sharing
these concerns. These individuals may perform intense physical
labor in warm-hot environments, which can induce dehydration
on a daily basis. Hydration in the work place is a specific

concern because dehydration can affect productivity, safety,
cost, and morale. The purpose of this review is to discuss
factors that play a role in body water maintenance, review these
factors relative to the workplace, and offer guidance regarding
workplace hydration.

BODY WATER

Water is the principal chemical component of the human
body and represents 50% to 70% of body weight [1] for the
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average young adult male. While the workforce includes indi-
viduals of varying ages, body composition, and physical fit-
ness, it is important to note that variability in total body water
is mostly accounted for by body composition where lean body
mass contains �73% water and fat body mass consists of
�10% water [2]. Therefore, obese individuals with the same
body weight as their lean counterparts will have markedly
smaller total body water volumes. For example, a lean adult
who is 70 kg and has 10% body fat would have �48 liters of
total body water compared to an obese adult of 70 kg and 35%
fat who would have �36 liters of total body water, so an
absolute fluid deficit will have more severe consequences for in
the latter.

Approximately 5–10% of total body water is turned over
daily [3] via obligatory (non-exercise) fluid loss avenues. Re-
spiratory water loss is influenced by the inspired air and pul-
monary ventilation; however, respiratory water losses are offset
by the metabolic water formed by oxidation of substrates. Urine
output approximates one to two liters per day, but may be larger
or small depending on daily fluid consumption and activity.
This ability to vary urine output represents the primary means
to regulate net body water balance across a broad range of fluid
intake volumes and losses from other avenues [4]. Sweat
losses, and ultimately fluid needs, can vary widely and depend
upon the amount and intensity of physical activity and envi-
ronmental conditions [5].

Net body water balance (loss � gain) is regulated remark-
ably well day-to-day as a result of thirst and hunger, coupled
with ad libitum access to food and beverage to off-set water
losses [4]. Although acute mismatches between fluid gain and
loss may occur due to illness, environmental exposure, exer-
cise, or physical work, it is a reproducible phenomenon that
intakes are generally adequate to offset net loss from day-to-
day [6]. It is recognized, however, that after significant body
water losses like those associated with physical work or heat
stress, wherein substantial water deficits are incurred, many
hours of rehydration and electrolyte consumption may be
needed to reestablish body water balance [7]. For example, if
dehydrated by more than about 4% of total body weight, it may
take �24h to fully rehydrate via water and electrolyte replace-
ment [8–10]. While daily strenuous activity in a hot environ-
ment can result in mild water balance deficits even with un-
limited access to food and fluids [7,11], adherence to
recognized water intake guidance [11–13] under similar con-
ditions minimizes water deficits, as determined by daily body
mass stability [14].

WATER NEEDS AND PHYSICAL
ACTIVITY

The National Academy of Sciences has established an ad-
equate intake (AI) for daily total water as 3.7 L and 2.7 L for
adult males and females, respectively [4]. However, daily water

intake varies greatly for individuals and between groups. For
example, the daily water needs of sedentary men are �1.2 L or
�2.5 L [15,16] and increase to �3.2 L if performing modest
physical activity [17,18]. Compared to sedentary adults, active
adults who live in a warm environment are reported to have
daily water needs of �6 L [19], and highly active populations
have been reported to have markedly higher values (�6L) [20].
Limited data are available on fluid needs for women, but they
generally exhibit lower daily water turnover rates than their
male counterparts.

The magnitude of sweat losses incurred during work in a warm
environment is dependent primarily on work intensity and dura-
tion [21]. Metabolic heat production is balanced by both dry and
evaporative (sweating) heat loss, but very high metabolic rates
coupled with warm weather demand a larger thermal requirement
for evaporative cooling [22], leading to greater sweat losses and
subsequently larger water requirements. However, it is important
to note that sweat rates can differ between various work activities
and between individuals [21].

Fig. 1 [4] depicts generalized modeling approximations for
daily sweating rates as a function of daily metabolic rate
(activity level) and air temperature. Note that metabolic rate
and air temperature both have marked effects on water needs.
In addition to air temperature, other environmental factors such
as relative humidity, air motion, solar load, and protective
clothing will influence heat strain and thus water needs.

CONSEQUENCES OF DEHYDRATION

Dehydration results in an increased core temperature during
physical work in temperate [23–25] or hot environments [26–
28]. The typical reported change in core temperature with
dehydration is an increase of 0.1–0.2°C with each 1% of
dehydration [29]. The greater heat storage associated with
dehydration is mediated by reduced heat loss via sweating

Fig. 1. Water needs estimated from sweat loss predictions due to
changes in physical activity and air temperature. From IOM (with
permission) [4].
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(evaporative heat loss) and cutaneous blood flow (dry heat loss)
[30–32]. In warm or hot environments, sweat evaporation is the
primary mechanism for heat dissipation when the relative hu-
midity is low. When dehydrated, the sweating rate is lower for
any given core temperature and heat loss via evaporation is
therefore reduced [33].

During sub-maximal work in or out of the heat, dehydration
results in an increase in cardiovascular strain. Heart rate has
been shown to increase four beats per minute for each percent
loss in body weight [34]. Individuals who may come to work in
a dehydrated state and/or become further dehydrated while
working could expect to see an increase of 16 to 20 beats per
minute with a 4–5% loss in body weight. This increase in heart
rate is typically accompanied by an increase in an individual’s
subjective rating of perceived exertion to perform an exercise
task, which may play a role in alterations in work performance
when dehydrated.

Dehydration has also been shown to adversely impact aer-
obic work performance. The magnitude of performance decre-
ment is related to environmental temperature, exercise task, and
the individual’s physiological characteristics such as fitness,
acclimatization state, and tolerance to dehydration. The Na-
tional Academy of sciences reviewed a number of studies
regarding the influence of dehydration on endurance exercise
performance and physical work capacity [4]. This review con-
cluded that when dehydration exceeds 2% of body weight,
endurance performance and work capacity are degraded, and
the decrements in performance were accentuated when working
in the heat.

Work tasks that are predominantly anaerobic have some-
times been shown to be adversely affected by dehydration,
however this is not clear-cut as body water deficits do not
appear to alter muscular strength [4]. The Institute of Medi-
cine’s report on dietary references intakes reviewed five studies
concerning the influence of dehydration on anaerobic exercise
performance. Half of the reviewed studies reported reduction in
anaerobic performance; however, most of the studies reported
no effect of dehydration on muscular strength.

Occupational work typically employs a variety of work
components, so it cannot always be categorized as totally
aerobic, anaerobic, or muscular strength dependent. Aerobic
work represents occupational tasks that are ongoing over a
number of hours and include work done in foundries, construc-
tion, agriculture, landscaping, and forestry. Work performance
for these tasks may be seriously impacted by dehydration,
especially for individuals who perform heavy work in warm or
hot environments and have high rates of water flux. However,
these tasks may periodically involve a predominantly anaerobic
or strength component. Likewise, some tasks that may be
sedentary but have occasional strength and anaerobic compo-
nents such as heavy lifting, sledge hammering, or throwing
bales of hay, might be less impacted by body water deficits.

DEHYDRATION IN THE WORK
PLACE

During physical work in the heat, sweat output can often
exceed water intake, which can lead to body water deficits or
dehydration. Bishop et al. [35] observed that, in simulated
industrial work conditions, encapsulated protective clothing
increased sweat rates up to 2.25 L/h. Likewise, wearing pro-
tective equipment such as full or half face masks can make
fluid consumption more difficult and can further contribute to
dehydration in the work place. Firefighters, for example, wear
heavy protective clothing and are exposed to intense heat. Rossi
[36] reported that firefighters wearing protective clothing and
equipment, performing simulated work tasks in the heat can
have sweat rates up to 2.1 L/h. Brake et al. [37] observed fluid
losses and hydration status of mine workers under thermal
stress working extended shifts (12 hours). They stated that 60%
of the miners reported to work dehydrated and that their hy-
dration status did not improve throughout the 10 to 12 hour
shift. Therefore, it is not surprising that maintaining fluid
balance can be a difficult problem during the workday. It is
well documented that workers often not only become dehy-
drated on the job, but may also start the workday with a fluid
deficit.

While many studies have observed the effect of dehydration
on physical work capacity, few studies have observed dehydra-
tion’s impact on manual labor productivity. Wasterlund and
Chaseling [38] studied forest workers in a 14.7°C environment
in two scenarios, one where subjects consumed fluid sufficient
to maintain a normal hydration state and a second where
subjects consumed limited fluid which resulted in 0.7kg body
weight loss (�1% body weight). The measure of productivity
was the amount of time to stack and debark 2.4 cubic meters of
pulpwood. When subjects were dehydrated, productivity of
stacking and debarking pulpwood was reduced by 12%.

Dehydration also has been shown to adversely influence
decision-making and cognitive performance, which may con-
tribute to a decline in productivity and could be associated with
an increased risk of work-related accidents. Gopinthan et al.
[39] dehydrated subjects passively by 1, 2, 3, and 4% of body
weight and found that visual motor tracking, short-term mem-
ory, attention, and arithmetic efficiency were all impaired at
2% or more dehydration. Cian et al. [40] observed the effect of
�3% dehydration achieved by exercise or heat exposure on
cognitive function. They reported that, compared to a well-
hydrated state, dehydrated subjects exhibited impairments in
short-term memory and reported greater fatigue for up to two
hours following dehydration. Szinnai et al. [41] examined the
effect of 2.6% dehydration on the cognitive-motor function of
16 subjects. They reported that dehydrated subjects reported
greater tiredness, reduced alertness, and higher levels of per-
ceived effort and concentration compared to their normally
hydrated state.

Fig. 2 depicts the 23% change in reaction time observed by
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Gopinathan et al. [39] when subjects were 4% dehydrated. In
comparison, a study by Moskowitz et al. [42] reported on the
effects of blood alcohol content and driving skills and indicated
that blood alcohol levels at the legal limit of 0.08 yielded a 17%
slowing of drivers’ response time. While these two studies [39,
42] are not equivalent as different tests were used to measure
reaction time, a point of comparison can be made. A blood
alcohol content at or above the legal limit in all U.S. will result
in significant impairment in the ability to operate a vehicle; it
is possible that the changes in reaction time reported with
dehydration may also cause similar impairment.

Dehydration may mediate job-related accidents by causing
orthostatic intolerance. Adolph [2] reported that dehydrated
subjects fainted more quickly when faced with a change in
body posture (orthostatic challenge test). Likewise, Carter et al.
[43] reported that subjects who were dehydrated by 3% of body
weight from heat exposure exhibited a significant reduction in
cerebral blood flow velocity when going from a seated to a
standing posture. While there are no reported links, it is pos-
sible that dehydration mediated reductions in cognitive func-
tion and reaction time may be indirectly connected. In a classic
study by Vernon [44], accident rates were shown to be at their
lowest in temperatures of �20°C and increased by 30% in
environments of �24°C, illustrated in Fig. 3. As stated previ-
ously, it is in warm-hot environments that fluid turnover would
be highest and workers most likely to become dehydrated.

HYDRATION ASSESSMENT AND
RECOMMENDATIONS

Alleviating dehydration should involve a combination of
strategies that include assessment, education, and the inclusion
of practices that encourage fluid intake. As discussed earlier,
Brake et al. [37] reported that, in their assessment of hydration
status of mine workers, over half reported to their work shift in
a hydration state that would not be considered suitable for work
in hot conditions. Assessing hydration state has proven chal-
lenging given the difficulty in providing an accepted definition
of normal body water status. Despite this difficulty, measuring
total body water or plasma osmolality has been purported to be
the standard for hydration assessment [45]. However, methods
of measuring these variables such as isotopic dilution, bioelec-
trical impedance, and analysis of blood and/or plasma can be
invasive, expensive, and difficult to employ in a workplace
setting. Less invasive and expensive methods of hydration
assessment such as urine specific gravity (USG) and urine color
have been employed but have limitations. Urine specific grav-
ity has been shown to be somewhat effective in determining
hydration status. USG of �1.020 has been reported to be
indicative of normal hydration state [11] and has been used to
determine dehydration state in the workplace [37]. However,
urine values can be misleading regarding hydration status. If
dehydrated individuals drink a large volume of hypotonic fluid,
they will produce copious amounts of urine before normal body
water levels have been achieved. In addition, the urine will be
light in color and have USG values comparable to well-hy-
drated individuals. In the proper context, if measures of body
weight and urine color are used in combination with the sub-
jective sense of thirst, a more meaningful assessment of hydra-
tion state can be made [45]. By determining if morning body
weight has fluctuated by �1% compared to the previous morn-
ing, if morning urine is a darker color, and if thirst is present,
it is likely that an individual is in a dehydrated state.

Education is a vital component to help workers maintain
their hydration state during and after a work shift. Informing
individuals, especially those who work in a hot environment,
about hydration assessment, signs and dangers of dehydration,
and strategies in maintaining hydration while working can
reduce dehydration in the workplace. Brake et al. [37] reported
that individuals working in a thermally stressful environment
were better able to maintain hydration when they were edu-
cated about dehydration, assessed their hydration state and used
a fluid replacement program while working.

An education and hydration program at work should stress
the importance of consuming meals. De Castro [46] observed
food and fluid intake of 36 adults over seven consecutive days
and concluded that the amount of fluid ingested was primarily
related to the amount of food ingested and that fluid intake
independent of eating was relatively rare. In addition, Maughan
et al. [47], among others, reported that meals play an important
role in helping to stimulate the thirst response causing the

Fig. 2. Effect of dehydration on response time [39] and the effect of
blood alcohol content on response time [42].

Fig. 3. Industrial accidents by month, redrawn from [42].
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intake of additional fluids and restoration of fluid balance.
Using established meal breaks in a workplace setting, espe-
cially during longer work shifts (10 to 12 hours), may help
replenish fluids and can be important in replacing sodium and
other electrolytes.

One recommendation that may enhance hydration at the
work site involves improving access to bathroom facilities.
Anecdotal statements and interviews have revealed that indi-
viduals, particularly women, will purposefully not drink fluid
when bathroom facilities are not available. While logistical
factors may complicate access to facilities, providing access
may be a simple means of improving workplace hydration and
reducing the practice of voluntary dehydration.

At present there are no specific national industry standards
regarding fluid replacement that take into account environment,
protective clothing, and work intensity. In North America,
occupational health and safety associations use guidelines es-
tablished by the American Conference of Governmental Indus-
trial Hygienists (ACGIH), Occupational Safety & Health Ad-
ministration (OSHA), the National Institute of Occupational
Safety & Health (NIOSH). The ACGIH and OSHA both rec-
ommend that fluids be replaced by providing cool water or any
cool liquid (except alcoholic beverages) to workers and that
they be encouraged to drink small amounts frequently, such as
one cup (250 ml) every 20 minutes. NIOSH recommends that
drinking water should be readily available to workers exposed
to a hot work environment. It is important that these organiza-
tions have made recommendations regarding fluid intake and
hydration. However, these recommendations may recommend
too much or too little fluid depending on the environment, the
individual, and the work intensity.

The U.S. Army has developed fluid replacement and work
pacing guidelines that incorporate work intensity, environment,
work-to-rest cycles, and fluid intake as shown in Fig. 4 [49].
These guidelines use wet bulb globe temperature (WBGT) to
mark levels of environmental heat stress. The WBGT takes
environmental variables such as solar radiation, humidity, and
ambient temperature into account in its calculation; automated
systems for WBGT measurement are commercially available.
Occupational safety communities may want to include WBGT

measures relative to work intensity in any recommendations
they make regarding fluid intake in the workplace.

Employers have sometimes not promoted drinking, as this
would require more rest breaks and thus decrease employee
productivity. It is more likely that sustaining hydration will
maintain worker productivity sufficiently to offset any work
breaks, particularly during hot weather. In addition, the de-
crease in health care costs associated with possibly reducing
accidents or illnesses in the workplace could further help the
small decline in productivity from rest breaks.

SUMMARY

This review has presented information on the importance of
hydration in the workplace and the effects hydration state can
have on cognitive function, productivity, health, and safety.
Current workplace hydration guidelines and possible needs to
incorporate factors such as environment and work intensity into
recommendations for fluid intake have also been reviewed.
Despite specific challenges, improving hydration in the work-
place should increase productivity, decrease accidents, and
boost employee morale.
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