
 
 
Hello, *|FNAME|*! I am so excited about all the positive feedback and support I'm 
getting for this podcast. Thank you! Please keep it coming. I want to hear from 
you...yes, you...really. Send me an e-mail (shawn@scienceofultra.com) or leave a 
voice message [+1 507-ULTRA-01, which is 1-507-858-7201]. If you can't think of a 
reason, then tell me one thing you like about the show and one thing you want to 
learn more about. 
 
What an info-packed episode we had this week! I did my best to summarize the 
answers but there are so many more important details to be heard in the episode. 
Here is a breakdown of the major points. Enjoy! 
 
My guests this week are veterans of Science of Ultra; they joined me in Episode 4. 
Today we continue our series with them on all things sweating, hydration, 
electrolytes, and fluid balance. Drs. Cheuvront and Kenefick are two of the world’s 
leading scientific experts on hydration and fluid balance physiology, especially during 
exercise. They work for the U.S. Army. So, we must provide the disclaimer that "The 
views and/or opinions of Dr.'s Kenefick and Cheuvront are theirs personally and do not 
reflect the views or opinions of the U.S. Army or Department of Defense." 
 
In the first part of this series, episode 4, we focused on the physiology of fluid and 
electrolyte balance – packed with fundamental physiology. This episode builds on 
what we covered in episode 4. So, you’ll benefit most from this episode if you’ve 
listened to that episode. If you want the Ultra Clan Weekly from that episode, just 
click HERE and send the auto-populated e-mail that pops up; or you can send an e-
mail to shawn@scienceofultra.com (mailto:shawn@scienceofultra.com) with UCW 
Hydration Physiology Basics in the subject line. 
 
In this episode, we focused on: FLUID BALANCE AND THERMOREGULATION WHILE 
PLANNING FOR PERFORMANCE 
 
Quick background: We sweat to put water on the surface of our skin, which 
evaporates to the environment and helps us cool. The transition from liquid to gas 
requires a large amount of energy; sweating cools us because that energy comes in 
the form of heat, which is drawn from our skin. Sweat that drips off us, does not 
provide that cooling benefit. Either way, fluid lost from sweating eventually impacts 
all three body fluid compartments, which are 1) blood plasma, 2) intracellular (inside 
cells), and 3) interstitial (outside cells but not including blood). 
 



------------------------------------------------------------ 
1. Background and reminder info from episode 4: Lean body tissue (non-fat) is about 
73% water. The range of total body water for people is 50-70%. A good average for 
generally active people is 60%, perhaps high 60s% for leaner and more fit ultra 
runners. So, a 70 kg person will have about 42 L of total body water. That water is 
distributed as two-thirds inside of cells (intracellular) and one-third outside of cells 
(extracellular). Of the extracellular water, 25% is in blood. 
2.  We start with a scenario: I go for a long run and during the run my urine is dark; 
after the run I try to replace fluids by drinking plenty the rest of the day and by 
bedtime, my urine is a much lighter color. But, when I wake up in the morning, it’s 
dark again…what’s going on? 
 
 
Consuming solutes (the digested molecules from food) and enough fluids during the 
rest of the day is important. Drinking alone is not necessarily the answer by itself 
because solutes are important to hold on to the water long enough in the blood 
stream for it to distribute and equilibrate among the body compartments. If this 
scenario is something you experience, my guests recommend paying attention to 
getting plenty of fluids throughout the day – it’s possible that I am starting out a bit 
dehydrated prior to my run, too. The solute part of this equation is likely to take care 
of itself by just eating as you like…as long as you are eating normally and not on, for 
example, a restricted diet. 
 
3.  What is the time-frame for fluid/electrolyte shifts among body compartments? 
 
 
Water shifts among the three compartments continually and quickly, during your 
exercise bout or run. It happens while you are exercising and will continue after you 
stop exercise until equilibrated. During exercise, fluids leave the blood as it shifts 
into muscles and is also used for sweating. Sweat is hypotonic (less salty) compared 
with blood plasma. So, as you sweat, your blood becomes a bit saltier over time 
because you are losing the water part faster than the salt part. 
 
4.  As we sweat, the fluid and electrolytes initially come from the interstitial 
compartment (outside of, between cells), specifically around the glands near the 
surface of our skin. As we run and sweat…what do we know about fluid shifts and 
electrolyte shifts across the three body compartments during prolonged exercise? 
 
When euhydrated (normal hydration) or slightly dehydrated (up to 2% body weight 
loss), one-third of water loss when sweating comes from intracellular and two-thirds 
extracellular compartments. As dehydration progresses, sweat water comes from each 
about equally (50% each). During exercise, water shifts dynamically among the three 
compartments based on water losses in sweat and to normalize osmolarity (the 
concentration of solutes). Over the next 24 hours, as you drink, the levels of all three 
compartments will increase until you are euhydrated (euhydrated = just right, not 
over or under hydrated). 



5.  Another example, when I run and drink only water, I urinate regularly and it is 
clear. If, instead, I drink a glucose and electrolyte solution, there is less urination and 
my urine is darker…we talked about the physiology of this in episode 4 but now, 
putting a real world example to the physiology, what’s happening to me in those 
cases? 
 
 
This is an example of acquiring those solutes that help to hold the water and keep it 
in my body. Drinking just plain water, a person needs to drink about 150% of the 
water that is lost (through sweating and urination) just to maintain the volume 
because you urinate relatively more of the water you drink if it is only water, and 
there are no solutes. Note, that the solutes don’t need to be in the fluid you drink. 
Eating foods is equally effective for this purpose. 
 
Then we moved into specific preparation for performance: 
 
Dr. Kenefick is an ultra runner and a leading expert on this topic, plus he has access 
to all resources for measurement and testing. He must never have any problem with 
fluid and hydration...right? 
 
He DOES have trouble maintaining his hydration. There are so many subtle factors 
that impact hydration status. He emphasized drinking well and eating carbohydrates 
in the last few days before a race. He also emphasized getting high quality sleep – this 
even influences fluid balance. 
 
1.  Once in a while, we hear advocates of ‘bonk’ runs where one would purposefully 
dehydrate or go out without water. Clearly, this can be very, very dangerous, and we 
recommend against doing bonk runs. Out of curiosity, though, is there any evidence 
that we can train in a way that will help us perform better in a dehydrated or low 
volume state? 
 
NO, NO, NO! You DO NOT adapt to running while dehydrated. Training in that state 
only impairs your training stimulus. There are only negative and NO positive outcomes 
to bonk runs. Don’t do bonk runs. 
 
2.  Keeping ALL ELSE EQUAL, what are the practical, relative effects of each of the 
following on sweating: long clothing vs short vs nothing (same material - just different 
coverage), tightness of clothing, type of material, color of material? 
 
 
With modern technical materials, there is no practical difference in sweating and 
thermoregulation wearing a long sleeved shirt vs going shirtless. So, wear whatever 
technical shirt you like! If there is a strong solar load (lots of strong sun exposure), 
then a long sleeve shirt may be beneficial. Light colored clothing vs dark – again, 
there is no practical difference in sweat loss and thermoregulation. So, what we hear 
a lot – that dark clothing is bad to run in during warm weather – is not true. There is 



no difference. So, if you like a dark shirt, wear it without worry. Material of garment 
is important. Wear clothing that will wick and evaporate if in a warm climate. 
Tightness is more personal preference under most conditions. If you are in extreme 
conditions such as hot desert with heavy solar load, then there are other concerns. 
We didn’t cover that specific case in the episode. If you need to know about these 
conditions, e-mail me (shawn@scienceofultra.com). 
 
3.  What are the definitions of adaptation, acclimation, acclimatization? 
 
Adaptation is the body adjusting to handle a particular environment better. 
Acclimation is the adaptation to a stimulus (often a laboratory set-up or contrived 
environment). Acclimatization is the adaptation that occurs naturally (generally 
seasonal) due to the natural environment. 
 
4.  What does it mean to be acclimatized to a hot environment with respect to body 
fluids, hydration, and sweating? 
 
 
There is an increase in plasma volume, sweat begins at a lower core temperature, 
sweating is heavier (more) in the same environment, and there is a shift in perceived 
exertion so that the same work load feels easier in the same environment after 
acclimation. Sweat glands enlarge and become better at retaining sodium (watery 
sweat results), kidneys retain salts better, skin blood flow increases (to promote 
better heat exchange/loss through convection and radiation). 
5.  What are best practices for preparing to race in warmer environments? Exercise, 
sauna,…? 
 
Anything that stimulates a rise in body temperature will promote acclimation. 
Exercise itself does this, sitting in a hot environment (sauna, jacuzzi, etc.) does 
this…exercise while in a hot environment is even better. 
6. What is the recommended protocol for acclimation to heat in preparation for an 
event? 
 
The protocol used by the military is: 10-14 continuous days, 100 minutes exposure per 
day, 104 F (40 C), 20% relative humidity. Exercise in this environment is generally 
performed rather than just sitting. People generally cannot tolerate even light 
exercise for the entire time in the first days however. You should never push too far 
under these new and extreme conditions. Light exercise to tolerance each day is a 
reasonable plan. It is ALWAYS recommended to approach acclimation sessions with 
others (not by yourself) for safety. 
 
7.  What is the time-course of gain and loss of heat acclimation? 
 
On the first day, 80% of the subjects cannot complete 100 minutes of activity in that 
environment but 80% can complete it on day 10. Adaptations begin in 2-3 days, 5 days 
= 50% adaptation, 10 days = complete adaptation. It does not appear to matter what 



environment a person is in for the remainder of the day. There is variability in the 
time to complete adaptation. The above progression over 10 days is an average. The 
adaptations to heat are lost in about 14 days if there is no more exposure/stimulus. 
 
8.  When we plan for thermal stress from the environment, we must consider not only 
temperature but other factors such as wind, sun exposure, and humidity. Let’s say 
that we have gone through the acclimation protocol. Is there a cutoff 
temperature/thermal stress range, below which, there is no benefit to performance? 
How can we gauge whether going through the protocol will be of benefit? 
 
 
There isn’t a lot of research in this area. But, some studies indicate that heat 
acclimation may benefit performance even in relatively cool environments. This will 
be an exciting topic to follow in the future. 
 
9.  Specifically thinking about what’s going on during running: at what body 
temperature do we begin to sweat and where on the body do we sweat first, most, 
etc.? 
 
 
Body core temp is the principle regulator of sweating (about 90%) but skin 
temperature is also a significant influence (about 10%). For example, hot skin will 
cause you to sweat if the temperature is high enough. Sweat glands are more 
concentrated in the head, trunk, shoulders, arms than in the lower trunk and legs. 
This is why your upper shirt gets sweaty before your lower shirt and shorts. 
 
10. Should we be concerned about gear placement (e.g., hydration pack vs waist belt) 
with regard to efficient sweating and cooling? E.g., would we expect any appreciable 
difference in fluid loss or cooling over time for someone wearing a hydration pack vs 
waist belt vs none or handheld bottles because they cover different areas of the body 
for sweating? 
 
 
This isn’t going to have a substantial effect, and it shouldn’t be a concern. Comfort 
and preference are more important. Moreover, the ability to carry the fluid you need 
is of greater importance. In other words, if you are going to need to consume a lot of 
fluids, a backpack/vest will be a good choice over carrying a smaller volume in the 
hands, for example. 
 
11. To what extent does carrying extra weight affect sweat loss due to the extra work 
of carrying it; e.g., as much as 5 lbs for some full hydration packs vs 1 lb or so for a 
full handheld. 
 
 
 
 



** 
Ergonomics are important. If your hands move far ahead and back as you run, carrying 
handhelds may be inefficient for you. If you keep your hands close to your core, this 
approach will be more efficient. Similarly, belts and vests keep the weight closer to 
the core of mass, improving ergonomics. The added weight of carrying more water 
will increase the energy cost of exercise slightly. But the matter of a couple of 
pounds/kilos is unlikely to make much difference. Again, it’s more important to carry 
what you need (e.g., full bladder for those with large fluid needs). These weight 
differences, even up to 6 pounds (2.7 kg), are only going to increase sweat losses by 
100 ml or so – essentially negligible. 
 
LINK TO FLUID REPLACEMENT IN EXERCISE POSITION STAND OF THE AMERICAN 
COLLEGE OF SPORTS MEDICINE (ACSM)  
 
LINK TO ALL ACSM POSITION STANDS 
 
Many people have the idea that, while running, ‘if they are continuing to urinate, and 
it isn’t very dark, then they are probably OK’. We’ve established that watching urine 
color - DURING exercise - is not a reliable method for monitoring hydration status. So, 
“How can I monitor myself for appropriate fluid replacement and maintenance during 
an ultra marathon (or during a long training)?” 
 
Our wrap up, big money question today...WHAT’S THE ANSWER? 
 
The best method would be to monitor body weight. This isn’t always practical in the 
middle of a training run or in a race. So, working this out ahead of time is the best 
approach. Weigh yourself before and after training in similar terrain and 
environmental conditions for future training runs or a race. Determine the difference 
in weight and factor in any fluids consumed during the training run. That will give you 
an idea of your sweating rate: (absolute value of weight loss + fluids consumed)/time, 
e.g., if I lost 2 kg but drank 1 L over a 3-hour run, then (2+1)/3 = 1 kg sweat per hour. 
It is convenient to do these calculations in kg and L because 1 kg = 1 L of fluid. If you 
are in a long race or a multi-day race, this can be more feasible as crew or overnight 
stops may be able to offer a weight scale. Below, I’ve included a chart that shows the 
loss of sodium for a given combination of sweat rate and sweat sodium concentration. 
It may show up small on s, but it’s a picture. 
So, zoom in or copy it to your computer/device and zoom in from there. 
 
 
Because the environment has such a big influence on thermoregulation, there are 
many charts that combine the two biggest factors of temperature and relative 
humidity. Of course, issues such as sun exposure must also be considered. Here is a 
chart from the U.S. Centers for Disease Control (cdc.gov) that can be used when 
considering the relative safety of exercise is a given humidity/temperature 
combination. 
  



 



 

 


