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Does sodium lauryl sulfate concentration vary with

time?
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When performing skin irritation tests with sodium lauryl sulfate (SLS), the quality of the test
solution is of major importance for the reproducibility and comparability of the results. The influ-
ence of 4 different storage parameters (concentration, duration, temperature, material of the stor-
age vials) on the stability of aqueous SLS solutions was investigated under non-sterile conditions.
SLS solutions at 5 different concentrations (0.001%, 0.01%, 0.1%, 0.5%, 1%) were analysed by
mobile phase ion chromatography. Analyses were performed after a storage time of 3 h, 1 week,
and 4 weeks. Storage was carried out at different temperatures: —18°C, 6°C, and 23°C. The storage
containers were of 2 different materials (glass and polypropylene). After a storage of 1 week, no
decrease in SLS concentration was observed, regardless of the chosen conditions. After 4 weeks at
6°C and 23°C, the SLS concentration was found to be significantly decreased for the 2 lowest
concentrations (0.001% and 0.01%). At higher concentrations and lower temperatures, no decrease
in SLS concentration had occurred. In parallel to the loss of SLS, contamination with bacteria
was found in the solutions, especially at the 2 lowest concentrations. Bacterial growth was not
observed at higher concentrations. The possibility of biodegradation of SLS has to be taken into

account, especially when dealing with low concentrations of SLS.
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Results of skin irritation tests with sodium lauryl
sulfate (SLS) are not only influenced by intra- or
interindividual variability, but also by parameters
like the size and the type of the test chambers or
the SLS concentration (1-5). In recent years, excel-
lent guidelines on SLS exposure tests have been
published, with the ultimate goal of a uniform and
standardised approach to SLS testing in man (6).
These guidelines mention the danger of different
results at various laboratories due to inter-instru-
mental variability (6). Regarding the quality of the
SLS, the chemistry and purity of SLS have been a
subject of interest in the past (7). These obser-
vations raise the question as to whether there are
other parameters, besides the above-mentioned,
that could influence the results of SLS irritation
tests. There are no studies, however, which analyze
the impact of storage conditions on the quality of
SLS solutions. The SLS concentration may be in-
fluenced by time, temperature and the material of
the vial. These parameters were investigated and
addressed in the present study.

Materials and Methods

LAB Grade SLS (Merck, purity >99%) was used
for the studies.

The parameters SLS concentration, duration of
storage, storage temperature, and material of the
storage container were varied. The solutions were
prepared with deionized water under non-sterile
conditions and at 5 concentrations: 0.001%,
0.01%, 0.1%, 0.5% and 1%. On the day of analysis,
the solutions had been stored for 3 h, 1 week, and
4 weeks. The storage temperatures were —18°C,
6°C, and room temperature (23°C). Storage con-
tainers of 2 different materials were used: glass
autosampler vials (Macherey & Nagel) with a vol-
ume of 1.5 ml and polypropylene (PP) reaction
vessels (Eppendorf Safe-Lock), also with a volume
of 1.5 ml. Both types of container were supplied
with leakproof lids.

The analysis method was mobile phase ion
chromatography (MPIC). This method combines
the advantages of reversed-phase ion-pair chrom-
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atography and conductivity detection. The method
is well suited for quantitative analysis of many
kinds of ionic surfactants like SLS. Quantification
of the surfactant was carried out by integration of
the SLS peak areas. A Dionex DX500 chromato-
graphy apparatus with a Dionex GP40 gradient
pump and a Dionex CD20 conductivity detector
with on-line conductivity suppression was used for
this purpose. The chromatography column was a
Dionex NSI, the guard column was a Dionex
NGI1, and the suppressor was a Dionex ASRS-II.
The eluent mixture consisted of a 0.01 M potas-
sium hydroxide solution and acetonitrile in a ratio
of about 1:1. The flow rate was 1 ml/min and the
injection volume was 50 ul. Analysis of all samples
was performed on the same day. Samples that were
stored in PP vials had to be transferred into glass
autosampler vials immediately before the analysis
of the sample. The freshly-prepared samples had
an average storage time of 3 h when analysis was
performed. They served as control standards and
were analysed after every 6th sample in order to
control the reproducibility of the results. In total,
each of the fresh samples was analysed 6 X. A total
of 225 samples were analysed. For the experiments,
1 stock solution with a volume of 100 ml had been
prepared for each of the concentrations and at 3
different points of time. From these stock solu-
tions, 1.5 ml were transferred into the storage con-
tainers. Each sample was generated in triplicate.
For analysis, the mean values of each of the 3
samples were generated. The size of the storage
containers was not varied. In a previous pilot
study, we had found that this parameter did not
influence SLS stability. During the storage, the test
solutions had been light protected. For analysis,
solutions with concentrations >0.1% were diluted
in a 1:10 ratio for reasons of analytical exactness.
The water used for the preparations was fully de-
ionized.

In addition, randomly chosen samples of each

Table 1. Reduction in concentration of a 0.001% SLS solution
after storage in glass vials

Temp. 3h 1 week 4 weeks
—18°C 0.001% 0.000998%  0.000962%
6°C 0.001% 0.000996%  0.000199%
23°C 0.001% 0.000996% 0

Table 2. Reduction in concentration of a 0.01% SLS solution
after storage in glass vials

Temp. 3h 1 week 4 weeks
—18°C 0.01% 0.01006% 0.00999%
6°C 0.01% 0.01004% 0.01004%
23°C 0.01% 0.00996% 0.00713%
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Fig. 1. Reduction in concentration of a 0.001% SLS solution
after storage in glass vials.

concentration and at each temperature were ana-
lyzed regarding their contamination with bacteria
after storage.

Results
SLS concentrations

The concentrations of the solutions with a storage
time of 3 h (fresh samples) were set at 100%.

The standard deviations of the analysis results
of the 6 control standards varied between 1.79%
for the solution with an SLS concentration of 1%,
and 0.27% for the solution with an SLS concen-
tration of 0.1%. Due to these results, changes of
SLS concentrations after storage of more than 2%
were regarded as significant.

The solutions with SLS concentrations of 0.1%,
0.5%, and 1% did not show any changes in their
SLS content.

Changes of the SLS concentration were seen
with 0.001% and 0.01% under certain conditions
and duration of storage. After 1 week, no signifi-
cant decrease in SLS concentration had occurred
regardless of the storage conditions. After 4 weeks
of storage, the lowest concentration (0.001%)
showed a significant decrease in SLS concen-
tration. When stored at —18°C, the reduction of
the concentration after 4 weeks was 3.8%. At 6°C
the reduction of the initial SLS concentration was
80% after 4 weeks. When stored at room tempera-
ture the SLS was no longer detectable after 4
weeks. The results are shown in detail in Table 1
and Fig. 1. The SLS concentration was not influ-
enced by the material of the vials. Due to this fact,
only the results of storage in the glass vials are
shown in detail. For the SLS solutions with con-
centrations of 0.01%, significant changes were
found after a 4-week storage at room temperature.
The relative decrease in SLS concentration was
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Fig. 2. Reduction in concentration of a 0.01% SLS solution
after storage in glass vials.

28.7%. The results are shown in detail in Table 2
and Fig. 2.

Bacterial culture

During the 1st week, bacterial growth was found
to be significantly suppressed in the SLS solutions
with concentrations above 0.01%. In solutions with
SLS concentrations below 0.1%, various kinds of
bacteria were found even after only 1 day. These
were Pseudomonas pickettii, gram-negative rods,
and aerobic sporiparous microbes. After 4 weeks,
contamination with bacteria could also be found
in the 0.1% SLS solution.

Discussion

Due to its high irritant potential, SLS is often em-
ployed as a model substance for skin irritation
tests. In recent years, it has been shown that, be-
sides individual differences, many experimental
parameters like amount of test solution per mm?
of skin (4), temperature of SLS solution (8), purity
of SLS (7), and water hardness of the solution (9)
have to be considered, when performing skin irri-
tation tests with SLS. Larger amounts of test solu-
tion per mm? of skin (4) and treatment at higher
concentrations (2) caused stronger reactions, and
the skin response to SLS of high purity was much
stronger than the response to SLS of lower purity
(7). Additionally, the influence of water hardness
on the mildness of a synthetic detergent was dem-
onstrated (9), showing that the detergent was mild-
er when diluted with deionized water.

In this study, we have examined the influence of
a variety of storage conditions on the quality of
SLS solutions. We found that the concentration of
SLS solution, the duration of storage and the tem-
perature of storage all had an impact on the sta-

bility of SLS. In contrast, the material of the stor-
age container did not seem to have any influence.

The results have shown that there were time-de-
pendent changes in SLS concentration under cer-
tain conditions. With increasing storage time and
temperature an increasing reduction of SLS con-
centration was seen. This reduction was especially
observed at very low SLS concentrations (0.001%
and 0.01%) and not at concentrations above
0.01%. To our knowledge, 0.01% is the lowest con-
centration used in SLS irritation tests (4).

At very low SLS concentrations (0.001% and
0.01%), growth of bacterial populations was ob-
served in the solutions. SLS is known to posses
high biodegradability (10), hence, biodegradation
of SLS could be the reason for the decrease in SLS
concentration with time. In a primary degradation
step, it is converted to sulfate and lauryl alcohol,
which means a loss of surface-active properties
and, thereby, a loss of detectability by means of
MPIC. In the ultimate degradation step, bio-
material, carbon dioxide, and water are produced
(10). The hypothesis that biodegradation is of
major importance for the decrease in SLS concen-
tration is underlined by the fact that decrease is
slowed down at 6°C and does not take place at
—18°C. Decrease in SLS concentration and the ob-
served microbiological growth seem only to occur
at low concentrations, suggesting an antimicrobial
effect of SLS at higher concentrations, probably
due to its known high protein binding and dena-
turing abilities (11). Adsorption to the container
walls as a cause for the disappearance of the SLS is
not reasonable. In this case, a state of equilibrium
would be expected to be reached much more quick-
ly than in one week.

Besides the above-mentioned storage par-
ameters, concentration, duration, temperature,
and material of the storage vials, there could also
be other influences on SLS stability during storage.
One might be the effect of light. In this study, the
samples were light-protected and the influence of
light was not examined. Therefore exposure to
light could still be an additional factor leading to
SLS decomposition.

Our results show that the storage of SLS solu-
tions, especially at very low concentrations, should
be at low temperature and, preferably, in sterile vi-
als. If very high preciseness of concentration is re-
quired, solutions should always be prepared on the
day of the experiment.
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