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Conclusions
Vapours can interfere with TEWL 
measurement. Observed effects on the 
measured flux density include (i) a 
component of flux from dissolved water, (ii) 
a desiccant effect (iii) a response of the 
humidity sensor to non-aqueous vapours 
and (iv) a post-exposure change of 
calibration that could persist for several 
days. An additional effect to be aware of is 
the accumulation of volatile materials within 
the measurement chamber. This was 
particularly apparent in the case of Thymol
and Menthol because of the strong smell. It 
is therefore important when making such 
measurements to ensure that any 
accumulated material can subsequently 
escape from the chamber by evaporation.

For in-vivo measurements, where the 
vapours are less concentrated and exposure 
times are much shorter, the effects on the 
readings are generally minimal. 
Nevertheless, we recommend separate 
testing of any preparation containing volatile 
materials, to aid the interpretation of TEWL 
measurements in its presence. After 
switching off the instrument at the end of a 
measurement session, we also recommend 
leaving the measurement chamber open to 
the atmosphere, to allow any accumulated 
volatile materials to escape.
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Figure 5: Relationship between declared alcohol content 
and the quantity of water evaporated from 0.5µL droplets.

Effect on Calibration

Capacitative humidity sensors used in all 
TEWL instruments discriminate only weakly 
between different vapours through their 
dielectric constants. Vapours are absorbed 
into the dielectric during exposure and 
traces may persist after exposure. In these 
experiments, only Methanol exposure was 
found to cause a persistent change of 
sensor characteristics, where it took about 
24 hours for the high flux density reading at 
the end of the exposure to decay back to 
zero. Flux density calibrations after baseline 
recovery confirmed that the sensor had not 
been damaged by the high Methanol 
concentration, although it took several days 
for the calibration factor to fully recover to its 
pre-exposure value.

In-vivo Results
An in-vivo experiment on a Menthol patch 
was performed to illustrate the 
measurement of water loss in the presence 
of a non-aqueous vapour. The patch was 
applied to the mid-volar forearm and water 
loss from the patch surface was measured 
periodically to monitor its drying out. 
Baseline TEWL of the skin site used was 
14.7gm-2h-1. A typical result is presented in 
Figure 6.

Figure 6: Water loss from a Menthol patch applied to the 
mid-volar forearm. The baseline TEWL of this skin site 
was 14.7gm-2h-1.

Methanol was found to have the biggest 
effect, with a secondary peak ~78 seconds 
after the initial peak. The indicated flux 
density was then found to decrease, 
reaching a minimum of -5.3gm-2h-1

approximately 65 seconds after the 
secondary peak. Thereafter it was found to 
rise quite rapidly, levelling out at ~90gm-2h-1

after about an hour.

Ethanol - Water Mixtures

The above tests may be somewhat 
unrealistic in that the materials were trapped 
in the measurement chamber in undiluted 
form, with little or no water present. Any 
realistic formulation for use on skin would 
contain significant quantities of water and 
this would undoubtedly reduce the solvent 
interference effects on the measurements. 
This was tested with a number of commonly 
available ethanol - water mixtures, as shown 
in Figure 4.

Figure 4: Q-plots for Ethanol-Water mixtures.

In this case, the time-integral of the flux 
density (Q-Plot) is displayed rather than the 
flux density itself, to give a measure of the 
quantity of water released from the 
materials. Presented in this way, it becomes 
immediately apparent that Beck’s Alcohol-
free Lager releases considerably more 
water than Glenfiddich Single Malt Whisky. 
Although an accurate quantitative analysis is 
not possible, given the impurity content of 
these mixtures, it is nevertheless interesting 
to correlate the measured water content with 
the declared alcohol content, as in Figure 5.

Figure 2: Flux density in the presence of low volatility 
materials.

A desiccant effect was observed with 
DMSO, where the indicated flux density was 
found to fall below zero.

High Volatility Materials

The response curves for the three materials 
listed in Table 1 with higher vapour 
pressures than water (Isopropanol, Ethanol 
and Methanol) are presented in Figure 3.

Figure 3: Flux density in the presence of high volatility 
solvents.

Isopropanol was found to have the smallest 
effect of the three. Once the dissolved water 
had evaporated, flux density reading was 
found to reach a minimum of -1.2gm-2h-1

after about 3 minutes, but this was followed 
almost immediately by a slow upward trend, 
which peaked at 0.6gm-2h-1 about one hour 
later. It subsequently reversed again, 
reaching a reading of -0.9gm-2h-1 after about 
two hours, after which it remained steady. 

Ethanol was found to cause a significantly 
larger baseline shift, reaching a steady 
value of -3.9gm-2h-1 once the dissolved 
water had evaporated.

For solvents, a micro-syringe (SGE Type 
GC) was used to dispense a 500nL droplet 
into a closed cap that can be tightly coupled 
to the AquaFlux measurement chamber.

For solids, a small microcrystal of similar 
mass was used. The TEWL instrument was 
then set to record a time-series of flux 
density readings as volatile components in 
the closed cap evaporate or sublimate. 
Standard-grade chemicals as listed in Table 
I were used.

In-vitro Results
In each experiment, the TEWL 
measurement chamber was closed and 
empty during the first few seconds of 
measurement, with the signal settled to zero 
flux density. The empty cap was then 
quickly replaced with one containing the 
material of interest in its base, at the centre. 
The changeover gives rise to a signal peak 
as the measurement chamber is briefly 
exposed to ambient humidity. Thereafter, 
the graphs show the response of the 
instrument to the vapours from the enclosed 
materials.

Low Volatility Materials

The response curves for the six materials 
listed in Table 1 with vapour pressures lower 
than water (Glycerol, Thymol, Transcutol, 
Propylene Glycol, DMSO and Menthol) are 
presented in Figure 2. Glycerol, Thymol, 
Transcutol and Menthol were found not to 
interfere with water vapour flux 
measurement at all. Their only observable 
effect was the release of a small quantity of 
dissolved water (eg 5.8nL for Glycerol and 
13.5nL for Transcutol), as indicated in 
Figure 2.

Introduction
The importance of TEWL measurements in 
cosmetics and pharmaceuticals product 
testing and claims support is well 
recognised. However, some formulations 
applied to the skin may contain volatile 
materials whose vapours may interfere with 
TEWL measurements, leading to false 
readings. The TEWL guidelines [1, 2] do not 
discuss this problem and we therefore 
present results from studies of the effects of 
a number of common vapours on TEWL 
measurements.

Modern TEWL instruments all use the same 
type of electronic sensor for humidity 
measurement. It is in the form of a thin-film 
capacitor, designed to allow vapours in the 
surrounding air to permeate its porous 
dielectric. The absorbed vapour causes the 
capacitance of the sensor to increase in 
proportion to its quantity and dielectric 
constant. Such sensors are specific to water 
vapour only to the extent that water has a 
higher dielectric constant than other 
common vapours. Interference from other 
vapours therefore affects all modern TEWL 
instruments.

This study used a condenser-chamber 
instrument [3, 4] (Biox Systems Ltd, UK) 
whose closed chamber allows the humidity 
sensor to be exposed to high concentrations 
of vapours for prolonged periods of time. 
The condenser temperature is electronically 
stabilised to -7.65ºC and this causes 
vapours with higher freezing or boiling 
temperatures to condense.

Materials and Methods
For in-vitro measurements, we used a 
method that is similar to the droplet method 
for TEWL calibration [4], as illustrated in 
Figure 1.

Figure 1: In-vitro method for assessing the effects of 
non-aqueous vapours on TEWL measurements.


