Textile sensors to measure sweat pH and sweat-rate
during exercise

Shirley Coyle, Deirdre Morris, King-Tong Lau,
Dermot Diamond

CLARITY, NCSR, School of Chemical Sciences
Dublin City University, Dublin 9, Ireland

Nicola Taccini
Smartex s.r.l
56023 Navacchio, Italy

Daniele Costanzo, Pietro Salvo

Centro Interdipartimentale “E. Piaggio”
Universita di Pisa, Italy

Abstract— Sweat analysis can provide a valuable insight into a
person’s well-being. Here we present wearable textile-based
sensors that can provide real-time information regarding sweat
activity. A pH sensitive dye incorporated into a fabric fluidic
system is used to determine sweat pH. To detect the onset of
sweat activity a sweat rate sensor is incorporated into a textile
substrate. The sensors are integrated into a waistband and
controlled by a central unit with wireless connectivity. The use of
such sensors for sweat analysis may provide valuable
physiological information for applications in sports performance
and also in healthcare.
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I. INTRODUCTION

The primary purpose of the sweating mechanism is thermo-
regulation. Throughout times of physical exertion sweat rate
is increased in order to avoid a dangerous rise in body
temperature caused by the persons’ increased metabolic rate
[1]. Monitoring sweat composition in real-time can provide
useful physiological information. Sweat analysis is a valuable
diagnostic tool, being the gold standard for Cystic Fibrosis
diagnosis [2]. Physiological monitoring using sweat has the
advantage of being non-invasive and easily accessible there
are many cases where such monitoring is beneficial.

Continuous physiological monitoring of athletes during
training is a vital tool in improving performance while also
assessing the health status of the individual. Athletes must
ensure electrolyte balance and adequate re-hydration after
exercise or risk reduced performance [1, 3]. Re-hydration is a
major part of the recovery process after exercise. It is well
established that performance of exercise in a dehydrated state
is impaired, and that both high-intensity and endurance
activities are affected. There is also an increased risk of heat
illness in individuals who begin exercise in a dehydrated state
[4]. The concentration of electrolytes in sweat varies between
individuals and therefore it would be of great advantage to
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develop personalized rehydration strategies depending on fluid
and electrolyte losses. Another scenario where electrolyte
balance is critical is in cases of extreme heat and/or physical
exertion where drinking too much water can lead to
hyponatremia. This is characterized by low levels of sodium
and can result in symptoms such as headache, nausea,
vomiting and muscle cramps. When there is a quick onset of
hyponatremia, for example during prolonged exercise, it can
lead to more severe complications such as seizures, coma,
brain damage and death [S]. Dehydration and electrolyte
balance is not only of vital importance to athletes but can
seriously affect vulnerable populations, e.g. in the elderly
dehydration can cause serious illness and even death
particularly in the event of a heat-wave [6]. Continuous
analysis of sweat may be used to detect changes in sweat
composition and be used as a warning indicator.

It is known that sweat pH and electrolyte concentrations
are closely related [7]. It has also been shown that sweat pH
during exercise will change with the onset of metabolic
alkalosis [8] which means that pH measurements may be used
to relate the build-up of acid in muscle cells during exercise
which leads to muscle fatigue.

While sweat may be easily obtainable, collection and
measurement techniques for analysis can be awkward -
Minor’s method involves covering the skin with starch-iodine
powder that exhibits purple dots when sweat droplets appear
[9]. “Wash-down” techniques involve exercising within a
plastic enclosure to collect sweat and then washing down the
body within the enclosure using de-ionised water at the end of
the exercise trial [10]. These methods are obviously unsuitable
for long-term measurements outside of a laboratory setting.
Parafilm patches have been used to create a capsule on the skin
surface but these may change the sweat composition by
preventing water evaporation which may block sweat gland
ducts and lead to a progressive fall in sweating rates [6].
Bioimpedance measurements have been used to estimate the
amount of water in the body. As a wearable system this is















[6]  S.M. Shirreffs and R. J. Maughan, "Whole body sweat collection in
humans: an improved method with preliminary data on electrolyte
content.," Journal of Applied Physiology, vol. 82, pp. 336-341,
1997.

[77 M. Patterson, S. Galloway, and M. A. Nimmo, "Variations in regional
sweat composition in normal human males," Experimental
Physiology, vol. 85, pp. 869-876, 2000.

[8] M. Patterson, S. Galloway, and M. A. N. Immo, "Effect of induced
metabolic alkalosis on sweat composition in men," Acta Physolol
Scand, vol. 174, pp. 41-46, 2002.

9] K. T. Sato, A. Richardson, D. E. Timm, and K. Sato, "One-step iodine
starch method for direct visualization of sweating," American
Journal of Medical Science, vol. 6, pp. 528-531, 1988.

[10] P.W.Lemon and K. E. Yarasheski, "Feasibility of sweat collection by
whole body washdown in moderate to high humidity
environments.," International Journal of Sports Medicine, vol. 6,
pp. 41-43, 1985.

[11] T. Vuorela, K. Kuttonen, J. Rantanen, T. Jaervinen, and J. Vanhala,
"Bioimpedance Measurement System for Smart Clothing,"
presented at Proceedings of the Seventh IEEE International
Symposium on Wearable Computers, 2003.

[12] G.Medrano, L. Beckmann, N. Zimmermann, T. Grundmann6, T.
Gries, and S. Leonhardt, "Bioimpedance Spectroscopy with textile
Electrodes for a continuous Monitoring Application " presented at
4th International Workshop on Wearable and Implantable Body
Sensor Networks (BSN 2007) March 26 — 28, 2007 RWTH
Aachen University, Germany 2007.

Digital Object Identifier: 10.4108/ICST.PERVASIVEHEALTH2009.5957
http:/dx.doi.org/10.4108/ICST.PERVASIVEHEAL TH2009.5957

[13]

[14]

[15]

[16]

[17]

[18]

[19]

R. J. Maughan and S. M. Shirreffs, "Development of individual
hydration strategies for athletes," International Journal of Sport
Nutrition and Exercise Metabolism, vol. 18, pp. 457-72, 2008.

M. Asahina, Y. Yamanaka, Y. Akaogi, S. Kuwabara, Y. Koyama, and
T. Hattori, "Measurements of sweat response and skin vasomotor
reflex for assessment of autonomic dysfunction in patients with
diabetes.," Journal of Diabetes Complications, vol. 22, pp. 278-83,
2008.

K. T. Lau, W. S. Yerzunis, R. L. Shepherd, and D. Diamond,
"Quantitative colorimetric analysis of dye mixtures using an
optical photometer based on LED array," Sensors and Actuators B,
vol. 114, pp. 819-825, 2006.

A. G. R. Whitehouse, "The Dissolved Constituents of Human Sweat,"
Proceedings of the Royal Society of London, vol. 803, pp. 139-154,
1935.

D. Casa, L. E. Armstrong, S. Hillman, S. J. Montain, R. Reiff, B. S. E.
Rich, W. O. Roberts, and J. Stone, "National Athletic Trainers’
Association Position Statement:Fluid Replacement for Athletes,"
Journal of Athletic Training, vol. 35, pp. 212-224, 2000.

R. Paradiso, G. Loriga, and N. Taccini, "A Wearable Health Care
System Based on Knitted Integrated Sensors," /EEE Transactions
on Information Technology in Biomedlicine, vol. 9, pp. 337-344,
2005.

M. Engin, A. Demirel, E. Z. Engin, and M. Fedakar, "Recent
developments and trends in biomedical sensors," Measurement,
vol. 37, pp. 173-188, 2005.



