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Sweating is an important avenue of heat loss from the body. There are 1.7-2 million sweat glands across 
the body, distributed heterogeneously across the body. Sweat rates vary but it is not uncommon to lose 1-2 
litres of sweat per hour. When sweat glands are stimulated sodium and chloride ions move into the lumen 
of the sweat gland, creating an osmotic gradient to draw in water. The concentration of pre-secretory sweat 
is isotonic relative to plasma. To prevent an excess loss of these ions, as sweat travels through the straight 
reabsorptive duct, sodium and chloride are reabsorbed, whilst water remains inside the gland. The sweat on 
the skin surface is now hypotonic relative to plasma. A lower sweat ion concentration on the skin surface 
increases the water vapour pressure of the skin, which increases the water vapour gradient between the skin 
and ambient air, enhancing evaporative heat loss for a given skin temperature. However, during extended 
heat exposures, as water evaporates of the skin an accumulation of salt will occur. This will suppress the 
water vapour pressure and evaporation, but it simultaneously enhances skin wetting by encouraging sweat 
to form as a sweat film rather than sweat droplets. This is more conducive to evaporation.  

Sweat rate and the composition of sweat can be measured in various ways and I have provided some 
examples below. 

Sweat rate 
Ventilated capsule technique 
The ventilated capsule system is a common technique for laboratory-based research studies, especially for 
mechanistic research. The technique involves affixing a capsule onto the skin surface, through which a dry 
gas is passed through. As sweating occurs, the humidity within the capsule will rise, which is detected by 
the humidity sensors of the effluent gas.  If the surface area of the measurement site, the flow rate of the 
gas through the system and the change in humidity is known, then sweat rate (SR) can be calculated using 
the following equation: 

SR = [AF*(∆RH/100]*D/SA)] 
Where AF refers to the airflow rate (ml/min), ∆RH refers to the change in relative humidity of the air as it 
passed through the capsule (%), D refers to the density of saturated steam at the given temperature and SA 
refers to the capsules surface area (cm2). 

Absorbent patch technique 
Sweat rate can also be measured in the lab or in the field using absorbent patch method. This technique uses 
highly absorbent material placed firmly against the skin. Surface sweat is absorbed by the material. It is 
recommended that the patches are used to measure steady state sweat responses and are only applied to the 
skin for max of 5 minutes to reduce the impact of the patch on local skin temperature and prevent 
hidromeosis. Sweat rate is calculated using the following formula: 

LSR= ((Mwet - Mdry)/t/SA 
Where Mwet refers to the mass of the wet patch after application (mg), Mdry refers to the mass of the dry 
mass of the patch before application, t refers to the application time (min) and SA refers to the surface area 
covered by the patch (cm2).  
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Sweat content 

Sweat contains ions (e.g. sodium, chloride, potassium), metabolites (e.g. lactate, glucose, ethanol, 
ammonia, urea), proteins (e.g. cytokines, neuropeptides, cortisol) and many minerals (e.g. Zinc, copper, 
magnesium). There is a big technology push to develop wearable sweat sensors which could act as a 
surrogate of invasive blood sampling and provide information about the status of the human body. A lot 
more research needed before we get to this stage.  

There are many different sensors available but the absorbent patch technique is relatively easy, low cost 
and suitable for lab and field measures. With this technique it is important to clean and prepare the skin 
before applying the absorbent patch; cleaning with distilled water and alcohol is sufficient for most 
components. As with the absorbent patch technique described above, sweat is collected using an absorbent 
material. The duration of patch application is longer and this will depend on the measurement location, the 
ambient conditions, activity level and the sex of your participant; this can be a fine art to master. Essentially 
you need to leave the material on the skin long enough to ensure you can collect enough sweat; monitor the 
patch to avoid saturation. The more components of sweat you want to analyse the more sweat you will 
need; this could be problematic. After collecting the sweat, the absorbent material is placed into SalivetteTM 
tubes and centrifuged to expel the sweat from the absorbent material. The collected sweat can then be 
analysed using a variety of techniques depending on what you are measuring.  

Questions 

1. For the different measurement techniques discussed above, explain the advantages of each system, 
the limitations and ways in which these limitations can be overcome (if at all)?  

2. There are some cases where sweat gland function is impaired; with age, patients with cystic 
fibrosis, ectodermal dysplasia and diabetes. For each of these examples, explain how sweat gland 
function is impaired, how this impairment can be identified/measured and explain the associated 
risks with exercise or heat exposure.  

3. Choose one or two components in sweat (e.g. lactate) and explain how this molecule gets into 
sweat. Review the literature to critically appraise how this component was measured. What are the 
limitations of such a technique and how can they be overcome? With such research papers, have 
claims been made about the application of this sweat component? Do you agree with this claim? 
Tip; be careful here, lots of claims are being made without a clear physiological explanation of the 
mechanism, especially for sweat lactate. 
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