
Theory and Practice of 
Representative Sampling ( TOS) 

... of materials and processes (lots) of very different nature ...

... of lots of very different composition and size ...

... of lots of very different grain size distribution characteristiscs ...

... of materials lots from all over science, technology, industry  and society...
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òUsikkerheder i forureningsundersßgelser ïhvad skal 
der til for at vi er sikre nok ?ò

Hvorfor er det relevant at diskutere data usikkerhed?

Ą Før vi gør dette, er det kritisk vigtigt at forstå at der 
er to slags usikkerhed : 

Ą Måleusikkerhed 

Ą Prøvetagningsusikkerhed

Ą Men det er næsten altid kun måleusikkerheden der 
optræder på dagsordenen ... KRITISKT PROBLEM !! 

Total Sampling Error = TSE

Total Analytical Error = TAE



Everything in a nutshell ...

Total Sampling Error = TSE

Total Analytical Error = TAE

In the real world:  Uncertainty = TSE + TAE Always!!!
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Sampling rate

(typical)

103ï106

101ï102

101ï102

Traditional laboratory domain

Primary sample

Secondary sample

Tertiary sample / aliquot

103ï106 - 109



{ŀƳǇƭƛƴƎ Χ most common understandings 

Sampling - priorities:

1. Sampling method , -plan

2. Equipment , containers, 
ID - tags, logbook, time

3. Economics , ergonomics,
effectivity, logistics ... 

4. Often very detailed plans
covering òeverythingò ++ 

Sample size? 
(mass/volume)



{ŀƳǇƭƛƴƎ Χ but ǘƘŜǊŜ ŀǊŜ ƻŦǘŜƴ άǇǊƻōƭŜƳǎέ

Sampling - problems:

1. Materials (lots) can be of very
diffenrent composition and 
constitution e.g. solids, liquids 
aggregates, mixtures, slurries 

2. Materials can be of extremely
different grainsize distributions

3. Lots can be a extremely
different size and accessibility
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There is one thing missing, so far!!

Representativity !! 

Sneak -preview of coming TOS attractions:

Sample size is not the driver for representativity !!!!!!



{ŀƳǇƭƛƴƎ Χ ƛƳǇŜǊŀǘƛǾŜ ǇǊƛƻǊƛǘȅ
Sampling priorities (TOS):

1. Representativity ... ... 

2. Procedure, sampling 
plan (2 -D), equipment , 
containers, ID - tags, 
logbook ....

3. Economics, ergonomics,
effectivity, logistics ... 

4. And what ever else have 
you ... ...



Theory of Sampling (TOS) 
ïeverything in a glanceDO NOT WORRY !!!



The most often heard question ... ... ...



Unfortunately ....

º This wishful thinking is WRONG ...

º 1. The WRONG question ... (TOS will tell you why !)

º 2. At the WRONG place (the lot) ... 

º 3. At the WRONG time ...

2. & 3. should have been resolved long before

sampling commences ... 

4. But: TOS will of course give you an answer!

- a very surprising answer ; - ) ; - ) ; - )



The right priority ... acc. to TOS

1. Primary samples must be REPRESENTATIVE 

- this is non - negotionable ! 

2. TOS is the only framework that stipulates procedures and 
design of equipment and sampling processes that guarantees
representativity (accuracy and precision)

3. When representativity is achieved Ą optimal sample mass!

4. Representativity is the driver for proper sampling !!!!!!!!! 

5. Representativity is the driver for fixing sample mass !!!!!



SAMPLING vs. HETEROGENEITY

It is ALL about how to control the negative 

effects of heterogeneity on the sampling process


