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Introduction 
          Water is an essential nutrient for all known forms of life and the 
mechanisms by which fluid and electrolyte homeostasis is maintained in 
humans are well understood.  Until recently, our exploration of water 
requirements has been guided by the need to avoid adverse events such as 
dehydration.  Our increasing appreciation for the impinging factors that must be 
considered when attempting to establish recommendations of water intake 
presents us with new and challenging questions.   
 
          This paper, for the most part, will concentrate on water requirements, 
adverse consequences of inadequate intakes, and factors that affect fluid 
requirements.  Other pertinent issues will also be mentioned.  For example, what 
are the common sources of dietary water and how do they vary by culture, 
geography, personal preference, and availability, and is there an optimal fluid 
intake beyond that needed for water balance?  

 
Adverse consequences of inadequate water intake, 
requirements for water, and factors that affect requirements 

 
Adverse Consequences 

 
          Dehydration is the adverse consequence of inadequate water intake.  The 
symptoms of acute dehydration vary with the degree of water deficit (1).  For 
example, fluid loss at 1% of body weight impairs thermoregulation and, thirst 
occurs at this level of dehydration.  Thirst increases at 2%, with dry mouth 
appearing at approximately 3%.  Vague discomfort and loss of appetite appear 
at 2%.  The threshold for impaired exercise thermoregulation is 1% dehydration, 
and at 4% decrements of 20-30% is seen in work capacity.  Difficulty 
concentrating, headache, and sleepiness are observed at 5%.  Tingling and 
numbness of extremities can be seen at 6%, and collapse can occur at around 
7% dehydration.  A 10% loss of body water through dehydration is life-
threatening (2).  During the Six-day War of 1967, more than 20,000 Egyptian 
soldiers died from heat stroke.  Egyptian troops were following practices of 
strict water rationing.  During the same time, Israeli troops with abundant field 
water supplies and command-enforced water policies had minimal heat 
casualties (3)  

 
While the vague discomfort that accompanies a 2% dehydration may 

not have a significant impact, the 20 – 30% reduction in work capacity seen at 
4% can have a significant negative impact on productivity.  Negative health 
consequences of chronic dehydration are covered later in this paper. 
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Minimum Water Requirements 

 
The minimum requirement for water is the amount that equals losses 

and prevents adverse effects of insufficient water, such as dehydration.  There 
are numerous limitations associated with the requirement estimates used to 
make recommendations.  A review of the research designed to define fluid 
requirements of humans increases one’s appreciation of the complexity of the 
issue.  A multitude of intra- and inter-individual factors influence water 
requirements.  As stated in the 1989 Recommended Dietary Allowances (4) 
establishing a recommendation that meets the needs of all is impossible: 

 
The primary determinant of maintenance water requirement 

appears to be metabolic, (Holliday and Segar, 1957) but the 
actual estimation of water requirement is highly variable and 
quite complex.  Because the water requirement is the amount 
necessary to balance the insensible losses (which can vary 
markedly) and maintain a tolerable solute load for the kidneys 
(which may vary with dietary composition and other factors), 
it is impossible to set a general water requirement. 

 
The impracticability of establishing a general water requirement was 

reiterated in the Dietary Reference Intakes for Water, Potassium,  Sodium, 
Chloride, and Sulfate(5): 

 
Given the extreme variability in water needs which are not 

solely based on differences in metabolism, but also in 
environmental conditions and activity, there is not a single 
level of water intake that would ensure adequate hydration 
and optimal health for half of all apparently healthy persons in 
all environmental conditions. 

 
Thus, the Panel determined that an Estimated Average Requirement 

(EAR), and therefore a Recommended Dietary Allowance (RDA), 
could not be established.  Hence, an Adequate Intake (AI) was 
established as the reference value for water intake for healthy U.S. and 
Canadian individuals and populations.   

 
Factors That Affect Requirements 
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For sedentary to moderately active individuals under temperate 
conditions, water is lost from the body via urine, feces, respiration, and 
evaporation.  During increased physical activity and in conditions other than 
temperate, sweat loss contributes to body water loss.  The minimal amount of 
fluid loss that can occur is referred to as the obligatory water loss.  However, a 
variety of factors can affect obligatory loss.  For example, obligatory urine loss 
occurs because of the need to remove various solutes from the body.  The 
minimum water required for urine is dependent on the daily solute excretory 
load, primarily determined by diet, and the maximum urinary concentration 
achievable (6;7).  Urinary concentrating ability varies with age (8;9) and with 
renal disease.  Under normal conditions, fecal water loss is quite small, 
estimated at about 100 mL/day (4;10).   

 
Water that passes through the skin (transepidermal diffusion) and is 

then lost by evaporation, and water that is lost from the respiratory tract, is 
collectively referred to as insensible water loss.  Insensible water correlates with 
metabolic heat dissipation (11;12).  The estimate of insensible water loss has 
been shown to vary more in infants than in adults (13), but Holliday and Segar 
(14) proposed an average water loss of 50 mL/100 kcal to apply to all ages.  
Even when caloric expenditure and body surface area are equal, however, 
insensible water loss through the skin and lungs varies.  Environmental 
temperature and humidity, altitude, volume of air inspired, air currents, clothing, 
blood circulation through skin, and water content of the body can all affect 
insensible water loss (15).   

 
A study published in 1930 (16) is the only identified primary reference 

reporting total water output in a healthy adult under temperate conditions.  The 
author reported five days of total intake and output data on one sedentary 60-kg 
male subject confined to the laboratory.  The average output was 2675 mL, 
ranging from 2227 mL to 3205 mL.  Insensible loss remained fairly constant 
(1073–1213 mL), whereas urine water ranged from 1149 to 2132 mL.  As such, 
some of the commonly referenced average output values are much lower than 
this 60-kg male’s documented output.  Nonetheless, the wide range of average 
daily output reported appears to capture the variability within and among 
individuals. 

A study assessing the effect of two diets on hydration was conducted 
on 27 healthy, sedentary, male subjects using a crossover design (17).  During 
the trial that provided water as a portion of the beverage allotment, subjects 
consumed one-third of their beverages as plain drinking water.  In the “without 
water” trial, no plain drinking water was consumed.  Subjects were confined to a 
metabolic unit during the study and physical activity, sleep/wake cycle, and heat 
and humidity were controlled.  Results showed no difference in the effect on 
hydration between the two diets, and subjects maintained euhydration on both 
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trials.  The mean amount of total water from food and beverages, consumed by 
subjects in this study, was 1.1 mL/kcal.   

 
Perhaps the most significant conclusions that can be drawn from an 

examination of water requirements are the limited scientific data, and the 
magnitude of the variability within and among individuals (16-18).  This is 
important to keep in mind when considering recommendations, because 
recommendations are not necessarily requirements, although the two words are 
often used interchangeably. 

 
Factors that increase water requirements 

 
While young children, pregnant and lactating women, the elderly, and 

people with certain illnesses may have increased fluid requirements, and/or 
present additional challenges in meeting their requirements (19), space 
limitations prevent adequate review of such specific populations.  Requirements 
and recommendations for fluid intake in hot and humid environments will be 
reviewed here because of the inordinate increase in fluid requirements that can 
result in such conditions and the large number of people worldwide who 
perform work in such environments.  

   
Thermal and physiological stress 

 
Water lost via sweating is usually low in temperate, sedentary 

conditions, but profuse sweating can be a major source of water and electrolyte 
loss for persons exercising or laboring in extreme heat and/or humidity.  In 
physically active individuals, sweating presents the most highly variable water 
loss.  Sweat rates can reach 3 to 4 L/hour, with variation in sweat rate depending 
upon exercise intensity and duration, age, gender, training, heat acclimatization, 
air temperature, humidity, wind velocity, cloud cover, clothing, and individual 
sweat rate (20).  Total daily fluid requirements have been shown to range from 
as little as 2 liters per day to 16 liters per day pending on the work load and the 
level of heat stress (21).   

It has long been known that persons under thermal and physiologic 
stress need to pay special attention to fluid and salt intake (2;22-24).  Military 
personnel have been studied extensively in this regard.  Monographs and 
scientific publications present some of the extensive research conducted by the 
United States for purposes of survival and endurance during the Second World 
War (2;25;26).  Scientific findings from the research on military and aerospace 
personnel continue to provide essential and fundamental information on fluid 
requirements under conditions of thermal and physiologic stress (27-30).  
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Collectively, research has shown progressive decrements in work performance 
with increasing levels of dehydration, and inter- and intra-individual variation in 
sweat rates, water intake, and water requirements.   

 
A study on the effects of heat stress on the health and productivity of 

forest workers using manual working methods in temperate conditions was 
conducted in North East Zimbabwe (31;32).  The forest workers were given 
either 0.17 or 0.6 liters of water each half hour.  Based on the findings of 
dehydration and reduced productivity, the researcher concluded that 
International Labour Organization recommendations for the consumption of at 
least 5 liters of fluid per day during heavy forestry work should be extended to 
work under temperate conditions.   

 
Investigators conducting a field study to assess dehydration in 39 male 

underground miners concluded that workers who were educated about the need 
to drink small amounts frequently did not suffer from “voluntary dehydration” 
(33).  The average fluid consumption per shift was 6.48 ± 2.41 L, with a range 
of 2.40 – 12.50 liters.  The mean full shift average consumption rate was 0.8 ± 
0.27, liters per hour, with a range of 0.32 – 1.47.  Urinary specific gravity was 
used to determine hydration status.  Start, mid, and end of shift, mean specific 
gravity were 1.0252, 1.0248 and 1.0254 respectively.  However, specific gravity 
has been shown to be a somewhat unreliable measure of hydration status 
(34;35). 

 
A study designed to determine if the Zimbabwe National Army rations 

are adequate for soldiers doing strenuous physical work, or even for those doing 
normal work in hot dry conditions, compared energy expenditure, and total body 
water on 12 soldiers (36).  Eight soldiers were randomly assigned to the test 
group (strenuous work), and four were assigned to the control group (normal 
work).  The study period lasted for 12 days.  The average daily fluid intake for 
the test group was 11 liters per day compared to approximately 7 for the control 
group.  The investigators concluded that the standard ration is inadequate. 

 
The United States Army revised their fluid replacement guidelines in 

1999.  A study to compare the revised guidelines with the previous guidelines 
was conducted on soldiers engaged in outdoor military combat training in hot 
weather (37).  The revised guidelines effectively reversed the decrease in serum 
sodium, reduced the increase in body mass, maintained hydration, and 
minimized overdrinking compared to the previous guidelines.  Table 1 shows 
the previous guidelines and Table 2 the revised. 

 
Table 1 Previous army fluid replacement guidelines for hot weather training a 
 



  7 

 
  

Criteria Controls 
Heat 

Condition/ 
Category 

WBGT* Index 
(ºF) 

Water Intake 
(qt/h) 

Work-Rest 
Cycle (min) 

1 
2 
3 
4 
5 

78-81.9 
82-84.9 
85-87.9 
88-89.9 

90+ 

At least 0.5 
At least 0.5 
At least 1 

At least 1.5 
More than 2 

Continuous 
50/10 
45/15 
30/30 
20/40 

 
a Adapted from:  Montain SJ, et al.  Fluid Replacement Recommendations for 

Training in Hot Weather.  Military Medicine, 164,7:502-508, 1999. 
* WBGI = Wet Bulb Globe Temperature 
 
 
 
Table 2.  Revised fluid replacement guidelines for hot weather training 

(Average acclimated soldier wearing battle dress uniform, hot weather)a 
 

 Easy Work Moderate Work Hard Work 
Heat 

Category 
WBGT* 

Index 
(ºF) 

Work-
Rest 
Cycle 

(min) 

Water 
Intake 

(qt/h) 

Work-
Rest 
Cycle 

(min) 

Water 
Intake 

(qt/h) 

Work-
Rest 
Cycle 

(min) 

Water 
Intake 

(qt/h) 

1 
2 
3 
4 
5 

78-81.9 
82-84.9 
85-87.9 
88-89.9 

>90 

NL** 
NL 
NL 
NL 

50/10 

0.5 
0.5 
0.75 
0.75 
1 

NL 
50/10 
40/20 
30/30 
20/40 

0.75 
0.75 
0.75 
0.75 
1 

40/20 
30/30 
30/30 
20/40 
10/50 

0.75 
1 
1 
1 
1 

aAdapted from:  Montain SJ, et al.  Fluid Replacement Recommendations for Training 
in Hot Weather.  Military Medicine, 164,7:502-508, 1999. 

* WBGI = Wet Bulb Globe Temperature 
** NL, no limit to work time per hour 
 
 

It was determined that the Army’s guidelines may need revision after 
190 military personnel were hospitalized for water intoxication 
(hyposmolality/hyponatremia) between 1989 and 1999 (38).  Hyponatremia 
should be considered a risk when large volumes of plain drinking water are 
consumed, especially when combined with a diet low in salt (sodium chloride). 
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Recommendations and Estimates of Requirements 
 
The amount of water needed to replace losses is the absolute 

requirement.  Whereas requirements are impossible to predict precisely, except 
under controlled conditions, recommendations are standards to be used in the 
assessment and planning of diets for individuals and for groups, and for 
establishing policy.   

 
The Tropical Agriculture Association has published water requirements 

for humans, animals and irrigated crops, given as liters per year 
(http://www.taa.org.uk).  The minimum water requirement for fluid replacement 
for a 70kg human in a temperate zone equates to 3L per day, or 42.9mL/kg.  
Minimum requirements for an individual the same size but in a tropical zone 
equates to 4.1 to 6L/day, or 58.6 to 85.7mL/kg. 

 
The Recommended Dietary Allowances (RDA), the dietary standards 

for the United States civilian population, has their roots in national defence.  
The Food and Nutrition Board (FNB), a part of the National Research Council, 
was established in 1940 “to advise on nutrition problems in connection with 
National Defense (39).”  The amount of 1 mL water/kcal of energy expenditure 
has been the recommendation since 1945 (40).  In 1989 the FNB added a higher 
amount, stating, “…there is so seldom a risk of water intoxication that the 
specified requirement for water is often increased to 1.5 mL/kcal to cover 
variations in activity level, sweating, and solute load (4).” 

 
Age and gender specific Adequate Intakes (AI) for water were 

established in 2004 by the Food and Nutrition Board (5).  The Dietary Reference 
Intakes (DRI) for water are shown in Tables 3 and 4. 
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Table 3.   AI for boys and girls birth to eight years of age 

 
0 – 6 months. 0.7 L/day of water, assumed to be from human milk 
7 – 12 months 0.8 L/day of water, assumed to be from human milk 

and complementary foods and beverages 
1 – 3 years 1.3L/day 
4 – 8 years  1.7 L/day 

 
 

Table 4.  AI for ages nine and older 
 

9 – 13 years 
Boys 2.4 L/day 
Girls 2.1 L/day 
14 – 18 years 
Boys 3.3 L/day 
Girls 2.3 L/day 
19 – 70+ 
Men 3.7 L/day 
Women 2.7 L/day 

 
 
Athletes, like military personnel, are a population wherein hydration 

status is critical to performance.  Considerable research has been conducted to 
explore the measurement and the consequences of dehydration during physical 
performance, as well as strategies and recommendations for fluid intake.  
Athletes are commonly instructed to replace body water lost (measured by 
change in body weight) during training and competition with an amount of fluid 
that is equal to the amount lost, using the guideline that 1 kg equals 1 L.  
Numerous monographs and papers have been published on fluid needs of 
physically and environmentally stressed individuals (41-47).  

 
Water Intake and Sources 

 
Water intake includes that which is consumed as food and beverage, 

along with relatively small volumes of water created by oxidation of food 
(metabolic water) and breakdown of body tissue.  Metabolic water is about 350 
to 400 mL/d.  Determining actual water consumption is difficult for a variety of 
reasons, one being that many of the published reports are for total water use 
(drinking water, water used for basic hygiene, etc.).  Additionally, some reports 
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on water intake report only tap water, and therefore, water provided as other 
beverages are not included in the calculations.  Williams, et. al. (48) reported 
that estimates of mean water intake rates reported in the literature range from 
1.04 to 1.63 L/person/day.   

 
Humans ingest water as plain drinking water, as beverages, and in 

food.  Water in food can be inherent or added during preparation, and also 
produced by metabolism.  All contribute to the “total water intake.”  
Unfortunately, there is a paucity of data on total water consumption.  The data 
that do exist show considerable variation in intakes both within and between 
individuals.   

Studies in humans have shown that numerous factors affect fluid intake 
(49;50).  Availability, ambient temperature, flavor, flavor variety, beverage 
temperature, proximity of the beverage to the person, and even beverage 
container have all been shown to impact intake.  Cultural variations have been 
reported, although the data is limited (See Table 5).   

  
Table 5.  Market shares (liter per capita) of beverages in various countries a,b 

 
 
Beverage 

United 
States of 
America 

Great 
Britain 

Federal 
Republic 

of 
Germany 

Italy Finland 

Soft drinks 173 91 78 47 31 
Milk 102 126 55 68 104 
Beer 89 108 147 2 63 
Mineral water ? 2 62 50 8 
Fruit juice 28 16 27 4 29 
Winec 16 11 23 80 5 
Liquorsd -- 5 19 11 35 
Coffeed 98 13 96 57 156 
Tead 25 40 5 2 3 

a Adapted from Tuorila, H.  Individual and cultural factors in the 
consumption of beverages.  In: Ramsay and Booth, eds. Thirst:  physiological 
and psychological aspects.  London, Springer-Verlag, 1991. 

b The USA consumption from 1985 (Bunch 1987; Putnam 1987),  European 
figures from 1986 (Euromonitor 1988).   

c In the US data includes liquors. 
d Volumes estimated from dry substance with dilution ratios given 
 
Water content of beverages varies.  Plain drinking water and diet soft drinks 

are 100% water, whereas coffee and tea are 99.5%, and sport drinks are 95%.  
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Fruit juices vary from 90 to 94% water.  Skim milk, 2% fat milk, and whole 
milk are 91%, 89%, and 87% respectively.  While not consumption data, the 
market share data in Table 5 reflects consumption patterns.  Water intake from 
these beverages could be estimated with the possible exception of beverages 
containing alcohol. 

 
Researchers described the diuretic action of alcohol as early as 1932 and 

subsequent studies substantiated a diuretic effect (51-54).  A formula proposed 
by Stookey (55) applied quantitative estimates of the effects of alcohol to 
determine the retention of the water consumed.  Making numerous assumptions, 
Stookey estimates water losses of 10 mL/g alcohol.   

 
Eggleton, in 1942, found that the diuresis following an alcoholic drink 

is roughly proportional to the amount of alcohol present and suggested that the 
ingestion of drinks containing small quantities of alcohol did not impair 
rehydration in dehydrated individuals (51).  A 1995 study supported this notion.  
Taivainen and colleagues (56)  found that while diuresis occurred after healthy 
adult males consumed a beverage of fruit juice and alcohol (1.2 g alcohol/kg of 
body weight), there was a subsequent antidiuretic phase that lasted up to 12 
hours post alcohol ingestion.  The researchers concluded that consuming fluids 
immediately following alcohol consumption (800 ml over 4 hours) and then 6 
hours later (20 ml/kg) will, for the most part, offset the water lost from the 
alcohol induced diuresis.  Thus, assuming adequate fluid intake following acute 
alcohol ingestion, it appears that alcohol-induced diuresis is transient and will 
not result in appreciable fluid losses over a 24 hour period. 

 
Shirreffs and Maughan (57) conducted a study designed to determine 

whether alcohol exerts a diuretic effect when consumed by dehydrated 
individuals.  After an exercised-induced dehydration, the subjects consumed a 
volume of fluid equal to 150% of the estimated sweat loss.  The fluids 
consumed, in the four different trials, were alcohol-free beer, and alcohol-free 
beer to which 1, 2, or 4% alcohol was added.  The results suggested that the 
diuretic effect of alcohol is substantially blunted when consumed by dehydrated 
individuals.  Urine production increased as the quantity of alcohol consumed 
increased, and there was a significant reduction in the rate of recovery of blood 
volume when the 4 % alcohol beverage was consumed.  It must be noted that in 
all of the trials in the Shirreffs and Maughan study, the subjects consumed 150% 
of the estimated sweat loss, leaving to question the results if subjects had 
consumed only 100%, or less than 100%, of sweat losses, or if the alcohol 
content of the beverage had been higher.   
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While research on acute alcohol consumption followed by adequate 
fluid intake supports a dose-response relationship with moderate intake causing 
no long-term effects on hydration status, elevated serum osmolality has been 
observed in chronic alcohol consumers, both at baseline and after ethanol 
ingestion (58).  It is unclear if, and if so to what degree, alcohol induced 
diuresis, neurohormonal aberrations, perception of thirst, and/or fluid 
consumption habits, contribute to the dehydration (as determined by serum 
osmolality) observed in chronic alcohol consumers (58;59) 

 
Further evaluation of alcohol’s effect on fluid balance is warranted, 

especially in view of the numerous cultures that routinely consume alcoholic 
beverages as part of the daily diet.  Chronic consumption, as part of the daily 
diet, verses acute high volume consumption, and dose response studies would 
provide useful information for determining how alcohol should be considered 
when calculating total water intake.  

 
In the United States the majority of individuals’ fluid intake is not 

consumed as plain water, but instead from a variety of foods and beverages as 
influenced by cultural, economic, social, environmental, and sensory factors 
(4;60).  Ershow, Cantor, et al. (61) analyzed data from the 1977–1978 
Nationwide Food Consumption Survey (NFCS).  They found that water 
consumed as plain drinking water averaged 31.4% of total intake.  Beverages 
other than plain water provided 43.6% and food provided 25% of total water 
intake.  The water content of the food portion of the diet can vary widely.  For 
example, whereas the mean intake of water from food for subjects of both sexes, 
20 to 64 years of age participating in the 1977–1978 NFCS was 545 gm, the 
average for the 5th and 99th percentile were 223 and 1254, respectively (61). 

 
Data from the USDA 1994–1996 Continuing Survey of Food Intakes 

by Individuals (CSFII) showed that approximately one-third of the total fluid 
intake of persons aged 20 to 64 years of age was consumed as plain water (62).  
The 1994–1996 CSFII (63) also showed that the average consumption of milk 
and other beverages totaled 1,115 grams/day for all subjects.  Of that, 35% was 
coffee and tea, 30% was carbonated soft drinks, 17% was milk, 9% was alcohol, 
and 9% was fruit drinks and ades. 

 
The perception exists that beverages vary in their capacity to maintain 

hydration status, with caffeine containing beverages purported to have a diuretic 
effect.  This appears to be based on studies showing acute increased urine output 
after caffeine doses in caffeine naïve individuals (64-70).  However, research 
shows that a tolerance to caffeine develops (71-76).  As such, those who are not 
caffeine naïve do not experience increased urine output or altered indicators of 
hydration status after consuming caffeinated beverages (18;77). 



  13 

 
  

 
In addition to unsubstantiated warnings about caffeine, unsubstantiated 

claims about the essentiality of plain water in meeting fluid requirements are 
also touted.  Public perception in the United States is that plain drinking water is 
more “hydrating” than other beverages, even though it has long been put forth in 
medical, military, nutrition, and physiology texts that water from foods and 
beverages can meet fluid needs (4; 5; 78-82).  

 
Is There an Optimal Intake? 

While current knowledge allows us to determine insufficient and 
adequate fluid intake, our scientific knowledge base is inadequate to determine 
if there is an optimal fluid intake.  However, there is a growing body of science 
indicating that an optimal intake level may indeed exist, and that such an 
amount is greater than current recommendations.  

 
Research on the relationship of drinking water and the incidence of 

cancer has been an area of study for some time.  For the most part, such studies 
have been concerned with contaminants in drinking water as a cause of cancer 
(83-86).  More recently, studies have examined the relationship between 
beverage volume, and in some studies, the specific types of fluids consumed as 
related to the incidence of various diseases. 

 
Studies examining the fluid-disease relationship have considered 

various combinations of variables including dehydration, hyperhydration, fluid 
volume consumed, and types of beverages, as they relate to the absence, 
presence, or treatment of certain diseases or conditions.  For example, 
dehydration has been linked to increases in risk for urinary tract infections, 
dental disease, broncho-pulmonary disorders, constipation, kidney stones, and 
impaired cognitive function (87-92).  A relationship between a high fluid intake 
and decreased risk of a variety of maladies including urinary tract stones, colon 
and urinary tract cancer, and mitral valve prolapse has been shown (83;87;93-
104).  Some studies examining the relationship between fluid intake and specific 
diseases have found no correlation with the types of beverages consumed 
(83;86;95;101;102), while others have (104-108).  For example, one study (108) 
found an inverse correlation between water intake and risk of fatal coronary 
heart disease and a positive correlation between intake of other fluids other than 
water and risk.  As the authors noted, however, potential confounding variables 
need to be considered.  Perhaps the water drinkers were more health conscious.  
Moreover, subjects in the study had an intake of milk higher than the average 
United States population, and the type of milk consumed was not reported.  
Perhaps water drinkers consumed less total dietary fat.  As with most 
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epidemiology research, known and unknown confounding variables make it 
impossible to draw definitive cause-effect conclusions. 

 
That fluoridated drinking water protects against dental carries is well 

documented.  Results from a cross-sectional study on 499 Australian Army 
recruits showed a dose-response relationship, suggesting benefits of lifetime 
exposure to fluoridated drinking water through young adulthood (109). 

 
Whereas the available information on a fluid-disease relationship is far 

from conclusive, current data indicates need for further study.  Determining the 
amount of fluid necessary to maintain hydration is one concern when trying to 
discern recommendations on fluid intake; determining fluid intake necessary to 
treat or decrease risk of certain diseases or disorders is another. 

 
Establishing Recommendations/Guidelines 

 
It is important, for public health purposes, to estimate, as exactly as possible, 

the water requirements of a population.  Doing so is an inordinate task, due to 
the numerous factors that effect requirements and the variances observed within 
each of those factors.  Acknowledging the caveats, the World Health 
Organization, in their report, “Domestic Water Quantity, Service Level and 
Health” (19) estimated requirements.  Based on a 70 kg adult male, and a 58 kg 
adult female, under average conditions, it was estimated that adult females 
needed 2.2L/day and males 2.5L/day.  Manual labour in high temperatures 
increased requirements to 4.5L for both men and women.  Recommendations for 
children were calculated using 1 liter per day for a 10 kg child and 0.75 liter for 
a 5 kg child, which resulted in 1.0L/day under average conditions and 4.5L for 
manual labour in high temperatures.   

 
Table 6 shows the WHO requirements for adults (19) and also 

estimates from several the studies reviewed in this paper.  While studies have 
shown that a low intake of fluid is associated with some chronic diseases, 
evidence is insufficient, at this time, to delineate specific amounts needed to 
prevent various diseases. 
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Table 6.  Volumea of water recommended and/or found to support hydration 

under specific conditions.bc 
 Sedentary,  

Temperate 
Environment 

Physically Active  
and/or Increased  

Temperature 

Optimal  
(Disease 

Prevention) 
Female 

Adult 
2.2 (19) 
 

4.5 (19) ? 

Male Adult 2.9 (19) 
 

4.5 (19) 
5.0 (31) 
0.8/h (33) 
11.0 (36) 
 

? 

Male & 
Female 

2 – 4  (21) 
0.5 qt/h (37) 

8 – 16  
 (21) 

¾ - 1 qt/h (37) 
 

? 

a Volume is given as litres per day unless otherwise indicated. 
b When reviewing this table, please keep in mind that data is not comparable 

in data collection methodology, subjects, environmental conditions, activity 
intensities (in reports on physically active), length of study/observation period, 
or purpose of study.  Data are presented herein to demonstrate the ranges of 
recommendations/observations. 

c The number in parentheses after the volume refers to the citation number in 
the reference list. 

 
 

An incremental formula by which water requirements could be more 
precisely estimated for populations, groups of people, and perhaps even 
individuals would need to consider requirements under sedentary conditions at 
temperate environment with adjustments for altitude, heat, humidity, activity 
level, clothing, and other factors.  While such a formula does not currently exist, 
development of such a formula could provide a point from which to more 
closely estimate requirements. 

 
Future challenges 

 
For six decades, the driving force behind fluid and electrolyte research has 

been medical care, survival, and optimal physical performance.  Empirical and 
clinical research, and field studies have been conducted on military personnel, 
athletes, and hospitalized patients.  Missing, however, is comprehensive data 
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more pertinent to “average” individuals who comprise the majority of many 
populations.  Additionally, research is surfacing that moves beyond water 
requirements per se, and examines the relationship between optimal fluid intake 
and disease prevention, balancing requirements with availability, and exploring 
nutrients and other compounds (both beneficial and detrimental) that can 
accompany water.  It is appropriate to move beyond the role of fluids in 
preventing dehydration and decrements in performance, and toward determining 
the contribution of fluids (and their mineral components) to longer, healthier, 
and more productive lives.   

 
The current and future challenge is to continue research on topics such 

as fluid recommendations for various ages, the relationships between disease 
and the amount and types of fluids consumed, health-promoting properties of 
nutrients indigenous or endogenous to water, optimal intake levels, and 
consumption patterns.  Additionally, guidelines or formulas that can more 
precisely determine the amount of water needed by individuals and/or 
populations would be advantageous. 
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