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ABSTRACT: Water activity is a key consideration in preserving cosmetics.
As this chapter discusses, there is an important difference
between the amount of water present in a product and
availability of this water for microorganism growth.

All microorganisms need sufficient water and nutrients to grow. The
concept of controlling water activity to prevent this growth is as old
as time, and the practice of using water activity to prevent spoil-

age began with honey. Honey would appear to be the ideal growth
medium for microorganisms—it contains water and sugar—but it is
in fact an excellent example of a self-preservating product because
the sugar ties up the water molecules, making the water unavail-
able for microorganism growth. This is a simple example of the very
important difference between water content and available water, also
known as water activity.

Water activity is written as a_and is defined as the ratio of the
water vapor pressure of the product compared to pure water at the
same temperature, where P is the vapor pressure of the product,

Po is the vapor pressure of pure water, n, is the number of moles of
solute, and n, is the number of moles of water:

a_=P/Po=(n/(n +n,)) Equation 6.1
Pure water has an activity of 1.00 while something considered “bone

dry” is 0.00. It is numerically equivalent to 1/100 of the relative
humidity (RH) generated by the product in a closed system. RH can
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be calculated from the direct measurements of partial vapor pressure
or dew point, or indirect measurements by sensors that are altered
by being exposed to RH. Thus, the relationship between water activ-
ity and the equilibrium relative humidity (ERH) is:

ERH (100%) =a_x 100 Equation 6.2

Although it is possible to calculate water activity, measurements are
significantly more accurate when taken instrumentally. The food
industry has used water activity for many years to determine the
need for preservatives.

Measuring Water Activity

There are several ways to measure water activity, including: vapor
pressure manometry, electric hygrometry, hair hygrometry and dew
point. The Association of Analytical Communities (AOAC) officially
recognizes the dew-point/chilled mirror method.

The approximate water activity needed for growth of various
micro-organisms has been published and these amounts are gener-
ally recognized as the minimums needed for growth (see Table 6.1).
The specific water activity needed for growth of the five common test
organisms is shown in Table 6.2. It should be noted that some molds
can grow with water activities as low as 0.7; therefore, it is a good
rule of thumb that water activity be kept below 0.7.

Robert Friedel published one of the earliest papers on the use of
water activity to determine the requirements for preserving topical
products.' This work showed how water activity could be measured
using a dew-point/chilled mirror instrument to obtain accurate and
reproducible results®. Among the examples given were creams, gels,
anhydrous lip balms and ointments.

Water activity has become a valuable tool to determine the
potential for growth in raw materials. Since microbiological speci-
fications are required by the European Union for all cosmetic
ingredients, assuring whether the water activity of a product is below

2Aqua Lab CX-2 is a device from Decagon Devices; A2101 is available from Rontronic
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Table 6.1. The approximate a needed for growth of various
microorganisms

Bacteria 0.94-0.99
Yeast >0.7
Mold >0.6

Table 6.2. The specific a, needed for growth of the five
common test organisms

Aspergillus niger 0.77
Staphyloccous aureus 0.86
Escherichia coli 0.95
Pseudomonas aeruginosa 0.97
Candida albicans 0.87

0.7 determines the need for micro-testing of ingredients. Equally of
value is determining the activity of the finished formulation before
adding preservatives. If it is found that only mold or yeast can grow
in the product, there is no need to add preservatives that are active
only against bacteria.

There are certain ingredients that have been shown to lower
water activity—salts, such as Dead Sea salts; glycols and polyols,
such as glycerin, propylene glycol and polyethylene glycol; a series
of commercial mixtures’that, at 15-20%, may make a product
self-preserving—however, there appears to be no linear relation-
ship between specific levels of these ingredients and water activity.
Models have been published to predict the effects of adding water-
binding ingredients to lower water activity, but due to the complex
nature of cosmetic formulations, these models do not predict the
outcome accurately. Measurement by instrumentation is the best
way to achieve accurate results.

® The Osmicide line is a product of Croda Inc.
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Attempts have also been made using high amounts of glycols to
lower activity so that no additional chemical preservative is needed;
however, the esthetics of the resulting products were unacceptable.

Measuring water activity is especially useful for formulations
that are atypical, such as: w/o emulsions, low-water content prod-
ucts, anhydrous products such as lipsticks and powders, and water
extracts where the addition of high levels of glycols, even as extract-
ing solvents, can be used to lower the water activity below 0.7 to
avoid the need for additional preservatives. Some typical water
activities of various personal care products are shown in Table 6.3.

Table 6.3. Typical water activities of various personal care
products?®

Shampoos 0.97
Conditioners 0.96
Liquid soap 0.91
Hand cream 0.86
Hand lotion 0.98

It is critical to understand that water activity is not cidal, meaning
it does not kill microbes; it only prevents growth. Therefore, it can
only be applied to products that are already free of contamination.
As water activity can only be determined by measurement, hazard
analysis critical control point (HACCP) is an important concept
applicable to both raw materials and finished formulations.

HACCP

The concept of HACCP was originally developed for the space
industry to assist in producing food for astronauts. The purpose
was to provide a high degree of quality and microbiologically safe
foods. Hazard analysis identifies critical control points (CCP) and
relates to contamination. HAACP is currently mandatory in the
food industry; the US Food and Drug Administration (FDA) is also
encouraging its use for the drug industry. It is very useful for the
production of cosmetics.



