The Importance of Analysis and
Appreciation of Error
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Appreciating, Managing and
Understanding Error

E®a< The image on the left shows a police speed camera.

= How accurate is the speed measured and recorded by
B the camera? Also, how accurate is the speedometer of
I the car caught speeding? To allow for both of these
B Unknowns, motorists are rarely prosecuted for speeds not
in excess of 10% of the road limit. Thus, an allowance is
being made for the potential inaccuracy of the data.

All analytical data has a measure of inaccuracy and it up
to the Analytical Scientist to be aware of this and to be
able to express this, if necessary, in quantitative terms.
Measurements produced within a Quality Assured
environment are more likely to be accurate and
reliable than those produced from laboratories
operating outside the principles of quality assurance.
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The Analytical Process

Consists of seven unit processes
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Consider the problem and decide on the objectives
Select procedure to achieve objectives
Sampling

Sample preparation

Separation and/or concentration
Measurement of target analytes
Evaluation of the data, have the objectives been met? 5

Now you can look at these in a
little more detail.




Consider the problem
and decide on the
objectives

» Analyses cost money and should only be carried out for a specific reason

» The Analytical Scientist in conjunction with the client or sample provider,
need to agree the overall objectives for the analysis

» The Analytical Scientist will often be proactive by designing analysis systems
which may help to improve the quality of a product and/or reduce the cost of
production. 6




Select procedure
to achieve objectives

*The Analytical Scientist can use many technologies to provide analytical

Information to achieve the objectives. The choice should focus on:
— expected level(s) of analyte(s)
— precision and accuracy required
— sample matrix and likely interferences
— number of samples to be analysed 7




Sampling

Samp“ng of dried

banana
leaves

« Most important stage in the analytical process and that likely to
produce the highest proportion of the total error in any analysis

« Samples where appropriate should be representative of the bulk from
which they were removed

» Once the sample has been taken, it should retain it’s ‘integrity’ (not alter
It's structure or lose components) until the analysis has been carried eut




Microwave

Sam ple digestion oven

for trace metal

pre parathn analysis

1
m e |
R i j !
- )
_ i ‘

i = = — i . A
|
o

» Most samples requiring analysis need to be transformed physically or
chemically from one form to another
e Sample preparation may involve:
— simple dissolution in aqueous or organic solvents
— treatment with dilute acids and bases
— digestion with hot concentrated acids (oxidation)
— treatment with molten fluxes at temperatures of up to 1400°C




Soxflo

Separation and/or  extraction
concentration

» Most samples for analysis are complex and could contain other components
which might interfere with the final analytical measurement

» Many of the analyte levels that need to be determined are below the levels
of detection of the equipment available - thus concentration is required

» The technologies used to perform both separation and concentration are
frequently the same (solvent extraction, chromatography, eletrophoresis etg)




GC/MS

Measurement of  spectrometer B
target analytes bt

e This is the unit process where measurement is finally made
» The technique used may be based upon either chemical or physical
principles, the most important are based upon the principles of:
— classical analysis (eg: volumetric and gravimetic analysis)
— chromatography (eg; glc, hplc)
— spectroscopy (eg: molecular and atomic techniques)
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Evaluation of data -
have the objectives
been met?

 Application of statistical techniques to maximise reliability of the data

» Quantitative results to be accompanied by estimate of measurement
uncertainty

» Decision as to whether or not the analysis carried out has satisfied the
objectives. If not, then consider what additional tests/analyses need
to be carried out 12




Dried banana leaves
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The analytical process
- error components

Practical stages

Important to realise that error will arise in all of these practical
stages in the process, with maximum error components likely to occur
within the sampling (3) and the sample preparation(4) stages




Sampling - the
lynchpin of the analysis

Of all of the stages in the analysis, the taking of the sample is the most important.
This is because, the sample eventually analysed will be a very small part of the
bulk material to which it is assumed to relate and from which decisions of a commercial

or a technological nature will be made. Samples must therefore be representative.

Definition of a representative sample: A portion of a material taken from a
consignment and selected in such a way that it possesses all of the essential
characteristics of the bulk.
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Sampling continued
-liquids (1)

Errors occur in sampling operations,
due to the inherent heterogeneity of
bulk matrices. Single phase liquids,
following shaking or mixing, are
likely to be homogeneous and thus
a single sample should be sufficient
for analysis. However, where you
have a depth of liquid (eg: a drum or
an ocean even), it is not possible to
assume that the liquid at the top is
of the same consistency as that
down the column of liquid and thus
a single sample is no longer
suitable.




Sampling continued &
- liquids (2)

Liquids flowing in confined boundaries
(eg: pipes, rivers and canals) are subject
to principles of laminar flow and as such
the liquid flows faster in the centre, with
almost zero flow at the edge of the pipe
or the bank of the river/canal.

uddersfield Narrow Canal

Turbulent flow

Liquid flowing in a pipe



Sampling continued
- solids (1)

In terms of potential heterogeneity, the
sampling of solid matrices poses a major
problem. Following extensive grinding and
mixing, solids can still exhibit some
heterogeneity and thus introduce errors
iInto any analysis. Typical examples of
solid sampling situations are:

» pharmaceuticals (tablets & powders)

* minerals

e contaminated land surveys

e agricultural products (e.g:seeds,
grains, leaves)




Sampling continued
- solids (2)



Sampling continued

- statistical sampling

Because of the inherent heterogeneity of solid
matrices, the process of ‘Statistical Sampling’ is
often employed. This is based on the principle
that all particles or portions of the population
(material to be sampled) have an equal
probability of being present in the sample that is
taken. This is best illustrated by considering the
sampling of a potentially contaminated piece of land
where contamination may be concentrated in small
areas of the overall land mass. Given that the cost
of the survey, the number of samples taken and the
potential accuracy of the result are all interrelated, a
compromise is normally adopted whereby the
sampling sites are chosen randomly within some
strict guidelines

l Divided into smaller
imaginary plots

Samples (3¢ taken
from random plots
or randomly from
each plot.

Samples combined
(composited) for
analysis or analysed
separately?



Sampling continued
- contaminated landfill site

Suppose that the site is heavily
polluted but in irregular patches.
If you are not aware of the
location of the patches but there
IS the need to reduce the average
pollution concentration over the
whole site to below 1%, you need
a sampling strategy that shows
by analysis which areas require

treatment and which do not. Target area of land fill site showing
(unrevealed) patches of pollution

23



Contaminated
landfill site (2)

Divide the target area into

a grid of sampling cells and
take 3 random samples from
each grid. From the analyses
you can identify which of the
cells are the most
contaminated and treat them
accordingly.

L and fill target area with 3 random
sampling positionsin each grid area.
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Contaminated
landfill site (3)

By cleaning up only those

grid areas identified as having
the highest pollutant
abundance you can now
calculate whether or not the
target of less than 1% has
been achieved. If it has not,
then further clean up of the
other areas can be carried out
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Target area of land fill site after
treatment of selected arid areas
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Sampling continued
- alr, gases & vapours(1)

Given the difficulties of taking and storing gas
samples, it is recognised that gases etc. are best
analysed in situ by a suitable on-line analyser.
Such analysers are routinely in use to monitor
levels of CO, CO,, SO, and oxides of nitrogen
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Many organic vapours can either be monitored on

line (e.g by using dedicated IR analysers) or they

may be trapped onto suitable substrates (e.g:

activated charcoal or TENAX) for analysis in the

laboratory. Given that it is impossible to tell \

whether or not the samples are homogeneous, \\

time weighted average data is frequently quoted.
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Sampling continued

- alr, gases & vapours(2)




