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Wastewater Sample

Stability

A practical assessment

Introduction

At the point of analysis, it is essential that a sample is still
representative of the whole from which it was taken. This is an
obvious statement, but one which can often be overlooked.
Regardless of how modern the analytical instrumentation, or how
sophisticated the extraction process, or how experienced the
operator, all of this is irrelevant if the concentration of the target
analyte has changed since the sample was taken.

Analyte concentrations can change with time. Sample degradation
through bacterial activity, volatility, chemical interactions and exposure
to air or light can all cause changes to the composition of a sample.
Consequently, establishing the length of time that an analyte remains
stable, without statistically significant changes in concentration, is
extremely important. It is essential to analyse the sample within the
stability timeframe, or to highlight any samples that have deviated from

this target.
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Deviating samples - accreditor’s viewpoint
Following recent guidance provided by the Laboratory Committee of
the European Co-operations for Accreditation (EA), the United
Kingdom Accreditation Service (UKAS) have provided guidance on
deviating samples. They comment that where samples “may have
exceeded their maximum preservation time, are not cooled or have
inappropriate headspace”, this “may jeopardise the validity of the

reported test result.”

UKAS continue by stating that where laboratories are “not critical about
samples they receive” in this regard, this “is not in the interest of the

laboratories, their customers, or other end users of the test result(s).”

UKAS go on to state that, “as an accreditation body, it will be strengthening
its focus” on this area during assessment visits to laboratories, and in
particular it will be reviewing “the inclusion of disclaimers in, test reports”

where preservation standards have not been met.



UKAS have confirmed, however, that samples analysed outside their
stability period are still accredited under ISO17025, provided any

associated disclaimers are included.

Customer responsibility

Stability time is recognised as the maximum time from when the
sample is taken to the time analysis must be started, such that the
results obtained are consistent with the concentrations at the point of
sampling. This will therefore include any time that the sample is held

by the customer, prior to delivery to the laboratory.

Consequently, customers must provide their laboratory provider with
the details of the sampling date and time in order for stability to be
assessed. Under the new UKAS guidance, practices in taking and
analysing samples will need to change in order to make sure analysis

is started within the stability timeframe.

“stability time is recognised as the
maximum time from when the sample is
taken to the time analysis must be started,
such that the results obtained are
consistent with the concentrations

at the point of sampling”

The ‘start of analysis’ may simply be acidification, digestion, or solvent
extraction, all of which produce a more stable environment for the

target analyte.

It is expected that stability times will vary from laboratory to laboratory,
as stability can be affected by parameters such as bottle size, bottle
material, headspace, storage conditions and the use of chemical
preservatives (where applicable). Some of this will also be reliant on
the customer taking the sample. With so many variables, UKAS have

not specified a protocol for establishing analyte stability times.

“the ‘start of analysis’ may simply
be acidification, digestion, or
solvent extraction”

There are already numerous documents available that provide
suggested analyte stability periods. These include recognised sources
such as ISO5667-part 3:2003; Methods for the Examination of Waters
and Associated Materials (Blue Books); Standard Methods for the

Examination of Water and Wastewater.

Where no documentation can be found, however, or where the
documented storage conditions are not consistent with a laboratory’s
facilities, then it becomes necessary for the laboratory to carry out their
own stability trials. Laboratories may also wish to undertake stability
trials in order to demonstrate that their storage conditions offer

extended stability beyond the documented timescales. This will
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consequently provide their customers with a more manageable
timeframe in which to deliver the samples to the laboratory, without

compromising sample stability.

Stability testing - practical considerations
When designing a stability testing protocol, there are certain practical
considerations that must be taken into account in order for the

assessment to be reliable. These include:

Storage conditions

The test sample matrices

The testing frequency and overall test period

Establishing a starting baseline

Analyte concentration

Number of replicates within the test

Interpretation of the data
These points are discussed in more detail below.

Storage conditions
A stability trial is designed to establish the length of time that samples
can be held under normal storage conditions, without evidence of

significant analyte degradation or change in analyte concentration.

Within this definition, the term ‘normal storage conditions’ means that
the test samples are stored under identical conditions to routine

samples, including bottle type, sample volume, storage temperature,
preservation (where applicable) and head-space, such that as far as
practicable, the test samples are managed under storage conditions

encountered by routine samples within the laboratory.

Test matrices

Ideally, the sample matrix tested should be representative of those
routinely encountered within the laboratory. This will vary between
laboratories. It may be necessary to test more than one matrix in order
to cover the spread of sample types routinely encountered. If this is
found to be the case, UKAS have recommended that a laboratory
quotes the minimum storage time that is established from the testing.

Typical sample matrices may include the following:

‘Intermediate’ matrices ‘Dirty’ matrices

Groundwater Final Effluent Crude Sewage

Surface water Soil Leachate Landfill Leachate

Raw water Farmland run-off Trade Discharge

Sea water Industrial surface water

Test frequency
There is no defined frequency at which testing should take place for
stability assessment, as this will change from analyte to analyte.

Generally, it is expected that the sample will be tested daily. >
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For some analytes, it may be prudent to test more frequently at the
start of the trials (e.g. every six or 12 hours where possible), while

allowing the time between tests to widen as the test progresses.

It may also prove prudent for testing to begin on Monday, so that any lack
of data due to weekends equates to days 6,7,13,14 etc. It is suggested

that a gap no greater than five days be left between test dates.

It should also be noted that each daily test means returning to the
sample in the ‘as-received’ state and beginning the analysis from
fresh, including all extraction or pre-treatment processes. It is not

reanalysis of a previous extract.

Starting baseline

In order to decide if a significant change in analyte concentration has
occurred, it is first necessary to establish the concentration of the
target analyte at time zero (Day 0 or T=0). This can prove difficult, as
there is always some delay between when a sample is taken and when
the analysis begins. It would not be appropriate for a T=0
measurement to be made on a sample that is already several days
old. Where practicable, the T=0 measurement should be started as

soon after the sample is taken as possible.

Sample spiking

In order for any sample degradation to be monitored, the target analyte
must be at a reasonable concentration. Meaningful data cannot be
gathered if the target analyte is close to the method’s limit of detection.
A suggested guideline is that the target analyte concentration should
be at least 10% of the method’s calibrated range. Where the sample
matrix does not naturally contain this concentration, then spiking may

be necessary.

Spiking should be undertaken with chemicals of a suitable purity and
appropriate formulation e.g. creatinine rather than ammonium salts
for total nitrogen samples analysed in accordance with the Urban
Waste Water Directive. When spiking a sample, the first analysis (T=0)
is measured from the time the spike is added, as this is the first point
at which the target analyte interacts with the sample matrix and

degradation potentially begins.

Number of replicates

When deciding if an analyte concentration has changed, it is advisable
that a mean concentration is determined through multiple
measurements. An average concentration can be established once

any outliers within the data set are removed.

As a general rule of thumb, at each time period a minimum of six
replicates is recommended. Where possible, 11 or more replicates
should be considered, as this provides in excess of ten degrees of

freedom for statistical interpretation of the data.
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It should be noted that once the stability of an analyte has been
established, this stability time is applicable, irrespective of the
analytical method used, provided the prevailing storage conditions
are identical. For example, if experimentation shows that zinc within
a 1 litre glass bottle at 50 C is stable for 21 days, this is true whether
the zinc is then analysed by ICP-MS, ICP-OES or AAS. Individual
stability assessments against each analytical method are therefore

not necessary.

Interpretation of data - two examples

The data that is generated by the protocol needs interpreting in order
to identify whether a significant change in analyte concentration has
occurred. In its simplest form, this may just be a maximum percentage
change in analyte concentration, e.g. the analyte is outside stability
once the concentration difference between T=0 and T=X is greater
than 5%.

“when deciding if an analyte concentration
has changed, it is advisable that a mean
concentration is determined through
multiple measurements”

Other statistical tests exist that allow the comparison of mean

concentrations values, such as a t-test.

The example below shows 11 replicates for an analyte at Day 0, then

11 further replicates at Day X and again at Day V.

A simple assessment shows the calculation of the percentage change
from Day 0. At Day X the change is just 0.79%, which may be
considered acceptable. By Day Y, the change in mean concentration
from T=0is 11.33%, and is now unacceptable. The sample is shown
to be stable up to Day X, but there is no data to support stability
beyond this.

A more complex examination shows the critical t-value for the degrees
of freedom. The derived t-value from the Day X and Day Y data sets
are presented. In this example, for Day X the derived t-value of 1.779 is
less than the target value of 2.228, indicating there is no statistically
significant difference between the Day 0 data and the Day X data at
the 95% confidence level. At Day Y, where the derived t-value is 18.247,

the situation is reversed and a significant change is indicated.

It is for each laboratory to decide how they wish to interpret their data.
The two examples above are examples only. Different critical t-values

will be obtained if different numbers of replicates are used, due to the
change in degrees of freedom. Likewise, while some laboratories use
critical t-values based at the 95% confidence levels, other laboratories
may wish to use alternatives such as those at the 90% or 99%

confidence levels.



1

309.6 302.5 337.6
2 305.2 SIIS16) 334.2
3 305.2 311.8 342.9
4 307.8 315.7 338.8
5 308.9 310.4 340.5
6 303.7 309.4 333.6
7 306.7 3126 350.9
8 307.3 309.7 341.1
9 310.6 306.3 348.0
10 3105 306.4 346.1
11 303.4 308.3 347.9
n 1 1 1
Mean 307.17 309.61 341.97
Standard Deviation 2.56755 3.73652 5.77922
% change from Day 0 0.79% 11.33%
Pooled Standard Deviation, S 3.21 4.47
Mean difference, D 243 34.79
SE (Diff) 1.367 1.907
t Statistic 1.779 18.247
Degrees of Freedom 10 10
Critical t value (.05) 2.228 2.228
Sample Stable? Yes No

All of these factors will affect the outcome of the test. Similarly, if a
simple maximum percentage change is chosen as the indicator, then
the value chosen will affect the outcome of the interpretation. Overall,
the laboratory must choose their own ‘critical’ values in order to assess

whether a sample has remained within stability or not.

When considering a stability testing protocol, there are a number of
factors that must be taken into account. Although it sounds
counterintuitive, it might be advisable to start by deciding what criteria
you are going to assess your data against. Once this has been
established, factors such as number of replicates, frequency of testing
and matrix types may become more obvious, as these are often dictated
by the mathematical processing at the end. Regardless of which route
an individual laboratory decides to take, any efforts to establish stability
times is commendable, showing that the laboratory understands and
appreciates not just the analytical aspects of their work, but the wider

implications of the service they are offering. B
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wastewater stability times for the analysis we routinely undertake. Further
guidance, presentations and details of stability times are available on the
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