Theory and Practice of D
Representative Sampling

D Proper sampling is the critical success factor

before analysis and decision making
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Theory and Practice 0
Representative Sampling

Proper sampling the critical success factor before analysis and decision making:
for the company; for the customer; for the scientist; for the technician
in science, technology, industry; in the analytical laboratory
for compliance; for safety; for society
for the seller; for the buyer; for the middleman, for the arbiter

- for stationary lots and for moving lots (PAT process monitoring & control)




Process

Process Control
System (PLC & HMI)

Phase Control /
Process Termination

Data Acquisition

Process Control Feedback

CQA: Moisture %

MVA & Interpretation

Measured Data

Data Storage  Audit Trail &

Security

Reporting

'%

2

Compliance

Measure

PAT Data
Management

Process Control
System




Fiber optics

Fiber optics




\ Sampling tool: spear sampler or PAT sensor
@ Heterogeneity (hidden)

All increments must have the same (non-zero) probability of ending up in the sample




Fiber optics
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”Process sampling — generic overview”

| On-line analysis ‘

E In-line :
I . Ysis \
analysis F

Variographic data analysis can

| D At-line analysis be applied to ALL types of

process sampling situations ...

Off-line analysis



Plant sampling




TOS agenda: complete DUALITY

I"

Identical "sampling issues” with or
without sensor technologies (PAT) ..
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Plant sampling







Fiber optics

Fiber optics
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Stream to be sampled




Theory and Practice of D
Representative Sampling

D Basic principles and unit operations — an overview

Theory of Sampling (TOS)
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"TOS-sampling is not relevant for my:

- type of material ...
- type of samples ...

- type of data




Theory of Sampling (TOS)
— everything in a glance




1. Sampling is never a one-shot operation
2. Sampling is always a multi-stage process:
i) Primary sampling +

ii) Representative Mass-reduction

Princple of Sampling Simplicity (PSl)
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TOS - Axiomatic exposé

Governing Principles (GP) - Sampling Unit Operations (SUQO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

B =~ 0 N =



heory and Practice of
Representative Sampling TOS

> Material heterogeneity — where it all begins ...

and where it may sometimes end as well (fatally)




Let’s get started - HOW to sample?

lSef}é

(in the field? — in the laboratory?)

- WHY (all of the above)?

Cto

TOS










How to ensure
representative prirmary
sampling for all types of
heterogeneous materials?
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Materials are alwways heterogeneous (only a matter of to which degree)
It is necessary to sample all materials as if they were significantly het. !!



But there is a big surprise comming - a feature that
will make sampling very, very much easier, despite
| there being so many very diffrent kinds of materials

Sampllng is not really so much materlal dependent --
‘3 Sampllng is much more up agalnst lot *heterogenelty*
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- HETEROGENEITY - the arch enemy
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Heterogeneity - the unifying characteristic for all types of material
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Sampling Unit Operations: Composite Sampling

“Grab Sampling” - "not thinking”
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Stream to be sampled




Bakeev, K. (Ed.)
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(chapter 3) \
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I.e. for aII kinds of materials being ducted .
|nclud|ng pharmaceutical manufactorlng
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Reactor During API
Production

/ Filter\
l E> End of API Production
E> ' :‘,:l Powder (purity, process
impurities, PSD, solvent
residues, crystal form)

Sample During API Production P h Famace utl Cal
manufacturing - brief

e Reaction products (liquids, crystals)

¢ Suspensions (cell nutrients in biotechnology plants) and cell
nutrients in biotechnology plants.

* Powders (particle size distribution, crystal form, impurities, and
solvent residues).

Incoming raw materials & In-Process mixtures

Packaging material. (formulation) End Pharma

Process

Analysis of Unit
Dose for API &
water conc.

—_—
(Identify, analyze for purity, water
content. narticle size distribution)
Determine API &
water conc, crystal form,
API, excipients & packaging materials PR ol and other critical quality
(h attributes.







15t Sample Set 2" Sample Set
A B

C

D

3" Sample Set 4™ Sample set
H
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5% Sample set




Traditional thief sampling (spear sampling) from within pharmaceutical mixing
blenders (here a tumbling V-blender) recommends using 10 fixed locations
according to a certain order intended to minimize ‘drag down’ of powder from

higher locations.

The fundamental assumption is that these locations (including replication at a few
locations) represent the "most in-homogenous” parts of any blend, for all types of

mixtures, in all types of blenders.

Alas this strong universal assumption is not tenable in the industrial practice.



State-of-the-art approach .....

Camera, WIFI, ...




State-of-the-art approach .....

Camera, WIFI, ...
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Reactor During API
Production

/ Filter\

12

o>

End of API Production
Powder (purity, process
impurities, PSD, solvent
residues, crystal form)

Sample During API Production

e Reaction products (liquids, crystals)

¢ Suspensions (cell nutrients in biotechnology plants) and cell
nutrients in biotechnology plants.

* Powders (particle size distribution, crystal form, impurities, and

solvent residues).

Incoming raw materials &
Packaging material.

N

(Identify, analyze for purity, water
content. narticle size distribution)

API, excipients & packaging materials

In-Process mixtures

(formulation) End Pharma

process Tabletting
machine

water conc.

, Determme API c?z. .
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Radical solution: IF you have to sample from within a

mixer — DO NOT SAMPLE from within a mixer !!



Reactor During API
Production

/ Filter\
E> End of API Production
E> ' :‘,:l Powder (purity, process
impurities, PSD, solvent
residues, crystal form)

Sample During API Production

e Reaction products (liquids, crystals)

¢ Suspensions (cell nutrients in biotechnology plants) and cell
nutrients in biotechnology plants.

.
e p

sd Avoids all ISE 8:CSE -ﬁ| TOS_Compliant
1

Incoming raw from within mixer
Packaging

Takes account of outflow

sampling site

segregation / Tablett ng
Will be an effective NIR machine
PAT implementation m—
Can in principle be
dialled up to 100%
(Identify, analy] inspection (sic)
content, narticl] Can meet all current ,,
FDA demands qa Determine API& |
API, excipients & § SHOULD be future FDA
demands to industry
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TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling Exit grab sampling!
SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N
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t//// Vi The one EXCEPTION from grab sampling

’ ff Wb i
Q@ WeII there are two exceptions ..
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'51‘ Oisters - and white wine from the Loire valley
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Pierre Gy — founder of the Theory of Sampling (TOS)
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Chem. Eng. Paris Sch. Phys. & Chem. (46)
Ph.D. physics. Univ. Nancy (1960)

Ph.D. Math. (stat). Univ. Nancy (1975)

Gold medal (Soc. l’industri Minerale) (63,76)
Lavoisier Medal (Fr. soc. Chemistry) (1995)

.. 9 books, 175 papers, 200 lectures ...

Pierre Gy: founder of TOS R

A brilliant scientist —a monumental ouevre — a gentleman friend to all samplers
| |




From where certaln VIKINGS orlglnated
. who raided Le Normandie 1000 years ago
and later then setteled there:
The famlly Plerre Gy
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First
World Conference
on
Sampling & Blending
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Theory and Practice of |TOS|
Representative Sampling

A minimum understanding of governing principles and sampling unit operations
- for all types of materials (all degrees of heterogeneity:low / intermediate / high

- at all scales (for all lot sizes: small / intermediate / big / extreme)

- unifying principles of representative sampling: field/plant/laboratory
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The THEME of today’s short course: WHAT comes BEFORE analysis?

Theory of Sampling (TOS)

APGC + MS/MS

(single) MS

(universal) MS

LC-MS + APGC + Cl + (tandem) MS

GC-GC

HPLC / HRMS .. (data independent MS/MS)
Tandem lonization

UHPLC / QT [MS/MS libraries]

GC—-TF-MS

N3
',

’\\




Theory of Sampling (TOS)

Measurement Uncertainty (MU)

sample

weighing sample sample  sample separation
dilution filtration  (e.g. chromatography)
repeatability \

\ Injection \“
loss~ \
\ ¥ separation

\

\ detection—H

\e— integration v
\ > concentration

/77 L of analyte
repeatability J O . in sample
a/ / t y V/4
detection—ﬁ"

/ /O— integration

calibration purity  rature /
[

lemperature

reference reference reference
solution dilution

IletotaI — Ilesam

pling + MU

analysis




Theory of Sampling (TOS)
— everything in a glance




Sampling

competence The sampling fool

Sampling is actually only dependent upon three things



TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N



® Agrabsample... Fundamental Sampling Error (FSE) [+ GSE]

® Severalincrements ... ... Trying (very well) to deal with (GSE) [+ FSE]

Heterogeneity (hidden) <@ o
99 N

Lot (1-, 2 & 3-D) ®

Fundamental Sampling Principle (FSP):

All increments must have the same (non-zero)
probability of ending up in the sample (non-neg)
















Primary sample

Traditional laboratory domain

Sampling rate
(typical)

—_—

10t - 107

103 — 106 - 10°



This applies to all scales!

N




- the analytical result depends on the sampling procedures used ....

NB NB NB Can this this be an
‘accidental’ situation in geo-
science laboratories only ..... ?

| But WHAT IF the

Whole 12 kg - fully crushed (TOS) [EEHE " 2 KNS P'imary sample
compared to 20 g (grab sampling) K U NENCIEIRE )
- missing mass ratio 1:600 e heterogeneous:




TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N









10 kg
100 kg

1.000 kg (1 ton)

10.000 kg (5 ton)




- trace concentration: below 1%

concentration: 50 -10.000 ppm (1%o)




50 ppm - showcase



100 ppm - showcase



500 ppm - showcase



beware of spoon size

500 ppm - realistic lot distribution



beware of spoon size

1000 ppm - realistic lot distribution



beware of spoon size

5000 ppm — realistic lot distribution



beware of spoon size

|

- trace concentration: below 1%
|

- Substabtial risk for large FSE !

10.000 ppm (1%0) — realistic lot distribution

Experiment exemplum - credits: Suzanne Roy & Lars Beck
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‘ i WHAT did we just learn about grab sampling?
{ For all heterogeneous materlals — at all stages'
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OSampling tool
size

: _ These sampling tool sizes are very
Sampling rate - 1:50 unrealistic w.r.t. real-life situations ...




Petri Spinner Bottle Spinner Spiral Spinner

18 cm? per revolution 15 cm? per revolution 374 cm? per revolution

18 cm? per analysis 28 cm? per analysis 110 cm? per analysis
35 gram per sample 50 gram per sample 600 gram per sample




Theory of Sampling (TOS)
— everything in a glance




- the analytical result depends on the sampling procedures used ....

(10 kernels)
i.%‘-:..ﬁ 'éﬁ‘-'*”'i?..{‘-:.. LT 'aﬁ*f”ii‘-:..ﬁm

'-'E-

i)
.-

N. Lot sampling & subsampling error can be e i =
up to 10-25-50 times higher (dep. heterog.) ”Uﬂ@ﬁ”@m@ﬁ{@

[g Analytical

' (107 maolecules)
%l
(10% paricles)
g < INF

Test L@hn&?




The '
analytlcal Iaborator
y

Primary sampling stage |.. Secondary ... Tertiary stage ... ...

Primary sampling error

Secondary sampling error

Tertiary sampling error

Total analytical error ... f.ex

1% (re/)]:l
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TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N



uipment is employed without a mandatory heterogeneity
aracterisation of the lot material.

Composite sampling is specifically demanding that grab

sampling (extraction of one single increment only) is never
invoked, unless thoroughly tested and accepted by either a
Replication Experiment (RE) or by variographics.




Crushing (comminution) is a sampling unit operation which is
only brought to bear when necessary, i.e. when the top
particle size is contrasting too much with respect to smaller
size ranges in order for sampling to be effective and
representative. Comminution is the technical process in
which the top particle sizes is preferentially crushed first.

A consequence of crushing/comminution is that the majority
of particle sizes tend to become more similar, with the further
advantage that mixing becomes more effective.

ceration, crushing or shredding in the presense of a
ilitating liquid (often used for selective extraction), as
plied to biological materials also lead to reduced general
ticle sizes.
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Mixing is a forced mechanical process designed to reduce
the distributional heterogeneity (DH) of a material system.

It is always advantageous to mix the results of a sampling or
a sub-sampling process before further processing (sub-
sampling or a next stage mass reduction).

Blending is mixing under stoichiometric constraints, i.e. the
final mixing product, a blend, must satisfy compositional
constraints e.g. tea, tobacco, cement, pharmaceutical drugs.

Mixing / blending can be applied to both polyphase dry
systems (aggregates) and to slurries (solid — liquid systems).
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product
flow

Representative Mass Reduction (RMR) is the key sampling
unit operation connecting all sampling stages. Often the
terms mass reduction and sub-sampling are used inter alia.
There are very many sub-sampling procedures and types of
equipment offered on the market, but far from all deliver
representative solutions.

For stationary lots, the benchmark study by Petersen et al.
(2004) showed conslusively that only the riffle-splitting
principle lead to Representative Mass Reduction (RMR).
Riffle splitters have different physical manifestations; both
stationary and roraty solutions exist.

For dynamic lots, lots in movement, the Vezin sampleris by
far the most effective, fully representative RMR equipment in
existence. The Vezin sampler is also superior regarding
slurries a.o.
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TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N



Sampling Unit Operations: Composite Sampling

“Grab Sampling” - “not thinking”




_ Single grab sampling variance

I — Composite sampling variance




Theory of Sampling (TOS)
— everything in a glance




TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling
SUQO: Comminution

SUQO: Mixing / Blending
10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N



y
REALLY difficult materials ... Que faire_’?




Theory of Sampling (TOS)
— everything in a glance




Sampling Unit Operations: Mixing / Blending
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Sampling Uni ation: Comminution

izedl>d2>d3>d4>d5

o
~

var(FSE) = C> d3 1 -1]
M M
S L

Log Variance (FSE)
o
o1

Log Sample Mass [g]




TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N



Sampling Unit Operations: Mixing / Blending

Mixing — intuitively clear. However, forceful mixing is a
much less effective process than commonly known ...




Mixing - It is manifestly not enough just “to mix” and then hope all is OK

Mixing — It is always necessary to conduct a baseline validation of the
mixing/blending operation in use, e.g. A Replication Experiment (RE).
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Theory of Sampling (TOS)
— everything in a glance




Sampling Unit Operation: Mixing / Blending

Reduces contributions to sampling variation from the
Grouping and Segregation Error (GSE)

s?(GSE)=C( - vy - s*(FSE)
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Four practical Sampling Unit Operations (SUO)

U

Composite Sampling

Particle Size Reduction (comminution)

Mixing / blending

Representative Mass Reduction (- sample preparation)

Theory & Practise of Sampling (TOS) Used as active steps in

the sampling process
(often used several

Four Sampling Unit Operations (SUO) times, In combination)

Practical procedures ... ...



O The empowering role of universal principles & SUQ’s




Governing principles (GP) & Sampling Unit Operations (SUQO)

FSP: Fundamental Se Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicityampling Principle

SSI: Sampling Scal (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUQO: Composite Sampling

SUQO: Comminution

SUO: Mixing / Blending

10. SUO: Representative Mass Reduction (sub-sampling/splitting)

B s, L0 D

All GP’s & SUQ's are not involved in all sampling tasks.
The analysis & the sampling objective determines which

GP’s and SUOQO’s to use. The Theory of Sampling (TOS)
to the fore ... DS 3077: First horisontal standard (2013)




s Ds ~ Dansk standard DS 3077

2. udgave
2013-08-26

Reprasentativ provetagning —
Horisontal standard

Representative sampling — Horizontal standard

T

k Standard — Eftertryk uden tilladelse forbudt



http://www.ds.dk/

Repraesentativ provetagning —
Horisontal standard

entative sampling — Horizontal standard

Horizontal — Representative Sampling

DS-3077

This standard outlines a practical, iterative, self-controlling approach with minimal complexity,
based on th The generic sampling process described and all elements
involved are sufficient and necessary for the stated objective, with the consequence that no
exceptions can be allowed in order to be able to document the intended sampling representativity.
It is necessary to consider the full pathway from primary sampling to analytical results in order to
be able to guarantee a reliable and valid analytical outcome. This standard, including normative
references, annexes (and further, optional references) constitute a complete and sufficient
competence basis for this purpose. The present approach will ensure appropriate levels of
accuracy and precision for both primary sampling as well as for all sub-sampling procedures and
mass-reduction systems at the subsequent laboratory stages before analysis.




An important analogy (for some ..)

1. V:-D=p,

2. V:B=0

3. VxE=-aB
ot

4. VxH=@+J
ot

Maxwell's Equations describe the world of
electromagnetics. The four equations describe

how electric and magnetic fields propagate,
interact, and how they are influenced by objects



https://www.google.dk/imgres?imgurl=http://www.maxwells-equations.com/maxwells-equations.gif&imgrefurl=http://www.maxwells-equations.com/&h=278&w=282&tbnid=nowSyT_66CpalM:&vet=1&tbnh=160&tbnw=162&docid=5dtsh2UepUlICM&usg=__BSp6COVplv7G-3cF-Mz5KAvC-Lw=&sa=X&ved=0ahUKEwiCoJrW8d_SAhXLuhoKHQcGCSkQ9QEIIDAA
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj-qvO_8t_SAhXCNxQKHc9TC4kQjRwIBw&url=http://www.maxwells-equations.com/&psig=AFQjCNHztod8AxE2dVFJE7IApS1obVF0Jw&ust=1489921031080325
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The Seientilic
Association Dedicated
to Aalytical
Excellence

World’s first attempt to
bring the Theory of
Sampling (TOS) and
foods/feed safety
assessment together!

Transatlantic Special Section taskforce, Oct.

2014, Windsor, CO:
Nancy Thiex, Kim H. Esbensen, Charles A. Ramsey, Claas
Wagner, Claudia Paoletti.


http://ingentaconnect.com/content/aoac/jaoac

O The role of statistics — in sampling and analysis




A (most) surprising and critical distinction

Because the sampler is free to choose between alternative
sampling procedures, - equipment and - conditions ....

- based, or not based, on a competent understading and
accept of the adverse role of heterogeneity when
interacting with a specific sampling process ....

- the analytical result will depend on these choices!

All analytical result will depend on the specific sampling procedure(s)
used to deliver the analytical aliquot!
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TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N



Lot Dimensionality (definition via practical increments)




LDT: Lot Dimensionality Transformation




Primary sampling
Primary sampling




“Very easy”
T,

N~
Q‘~

=

“impossible” - -

Fundamental Sampling Principle (FSP):

All increments must have the same (non-zero) probability of ending up in the sample



ol EXAMPLE: lot dim. transformation (LDT)

~ TN
. -

\
(

'
\

Off-loading - or .

transportation ... =)

from 3-D lots

- TOS-correct
- sampling site: 1-D



TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N
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TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N



Theory of Sampling (TOS)

Measurement Uncertainty (MU)

sample

weighing sample sample  sample separation
dilution filtration  (e.g. chromatography)
repeatability \

\ Injection \“
loss~ \
\ ¥ separation

\

\ detection—H

\e— integration v
\ > concentration

/77 L of analyte
repeatability J O . in sample
a/ / t y V/4
detection—ﬁ"

/ /O— integration

calibration purity  rature /
[

lemperature

reference reference reference
solution dilution

IletotaI — Ilesam

pling + MU

analysis




) Sampling of stationary lots vs. moving lots (process sampling) (9

O Illustration of the origin of Incorrect Sampling Errors (ICS) -
and their effects ..... (unnecessary, but fatal bias)



Fiber optics

Fiber optics
















TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N
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The Replication Experiment, RE(r)

!
HOW TO? - What you can do one time:

Iy

ok /.u‘“j
{ 1 £ v
R : : . . | r g AT g
Replication Experiments need only to |5 __
| be carried out for each principal type \ _—\ “,
of material as sampled by a specific = |\ _ gy
. | ,,_-r;—-:@: 3 ;\L: ’_—'#
sampling procedure ... NBNB NB NB e ====""T"————

ey



PS

SS
Relative Sampling Variability (RSV):

CV.epy = [ STD / Xy, ] X 100

TS

avr.

Relative Sampling Variability (RSV), aka

relative Coefficient of Variation, C.V.

Replication Experiment: RSV[%] characterises
all sampling + analysis operations — for all types
of equipment and all types of materials !!!






Resolution of endless confusion:

Replication from which stage?




Replication — always
from the primary
sampling stage!

The only way to incorporate all multi-
stage sampling, handling & prep. errors

These are accmulated every
time a new sample is analysed

Replicate analysis of the aliquot only
tests the anal. Method, over & over ..

“It’s Deja vu - - -
over and over - -
again” (Y. Berra)




RSV threshold(s)

RSV:20%






http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.industrialmarinepower.com/-3-166-bulk-freight-rates-to-increase-.html&ei=C6FxVZqdDunmywONloBQ&bvm=bv.95039771,d.bGQ&psig=AFQjCNHZt3Gvv6HU4ZlmLhflRSySq5-eQg&ust=1433596456420298

Lot CV, CV,

1 10,18 116,85
2 7,77 44,5
3 6,85 40,8
4 6,52 51,59

uncertainty CV, .... should not be u%
as a measure of the total measurement

uncertainty CV,.

What would be the consequence(s)?

Who is responsible?




IMEIROGRIERIET B Duplicate Samples (g/1)

| [T [ L&A
_ LAY
f lliAlm-‘

3: Correct acceptance

Original

4. Correct rejectance

AH'-----

E‘====== Optimisation criterion:

Min. (1+2) / (3+4) [%0]

Duplicate

Duplicate ”precision ellipse”
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Accurate Precise

Inaccurate, Precise

biased

Replication Experiment, RE(10)
delineatingideal characteristics:
unbiased analytical process

Replication Experiment, RE(10)

delineatingrealistic characteristics:

constant analytical bias

(c) KHE Consulting




Accurate Inaccurate,

Imprecise

Imprecise

(c) KHE Consulting




Accurate Precise Inaccurate, Imprecise
biased
3 X Replication Experiment, RE(10) 3 X Replication Experiment, RE(10)
delineating unrealistic expectations: delineatingrealistic characteristics:
constant, vanishingsampling bias inconstant sampling bias

(c) KHE Consulting




TOS - Axiomatic exposé

Governing principles (GP) — Sampling unit operations (SUO)

FSP: Fundamental Sampling Principle

SSI: Sampling Scale Invariance

PSC: Sampling Correctness (bias-free sampling)

PSS: Sampling Simplicity (primary sampling + mass-reduction)
LDT: Lot Dimensionality Transformation

LHC: Lot Heterogeneity Characterization (0-D, 1-D)
SUO: Composite Sampling

SUQO: Comminution

SUQO: Mixing / Blending

10. SUO: Representative Mass Reduction (Sub-sampling)

RO = 0 N
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- DS 3077 (9 page free preview)* &
http://webshop.ds.dk/product/M278012/standard.aspx

~ http://www.impublications.com/tos-forum

-~ http://www.spectroscopyeurope.com/articles/sampling
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O ...a HUGE business opportunity ...

Can be discussed later
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Note:
Elimination
of (all)
Incorrect
Sampling
Errors (ISE)

TOS’
Preventive
Paradigm
(TPP)

Principle of
Sampling
Correctness
(PSC)

Causes: sampling variation

FSE GSE
IEE IPE
IWE TAE

(trends)

IDE
(cyclicity)

Bias Test(s)
Round Robin test(s)
“Correction factors”

“Effects estimation”




—

Problems to be

Top riori Solved after

problems Performing a
Feasibility study

Problems that

Low priority are not worth
problems too much
attention
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A hidden elephant in the room ...

O - a fundamental difference of critical importance:

O a sampling cell ... ... is sampling and doing the analysis
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The multivariate data matrix: embedded errors in all cells




Variable 3 Multi-element

;/ anomaly
Single-element @]

anomaly 1

Cluster of
multi-element
anomalies

\ Variable 2

Variable 1
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A bilnear data model (PCA, PLS, SIMCA)




Training set Training set

Training set Training set
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E Clearly it gets more and more realistic to

validate such disparate data structures !

But this is exactly what X-validation connotdo =
» —there is only ONE data set, training set! i

i



Test set validation

Cross-validation -

m

- Lev. corr. validation
-__ -

= Ww %

Model complexity: #



Test set validation

”Terra Incognito” — only captured
by test set validation ..
Segmented cross-validation

Lev. corr. validation

Model complexity: a




Predicted

"Prediction precision is not all that .

good. But more samples will make . .
the prediction more precise” . .-
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Predicted

It will not! More samples will
simply reflect the same underlying
heterogeneity ....
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Principles of Proper Validation: use and abuse
of re-sampling for validation

Kim H. Esbensen®* and Paul Geladi® The final word !!!

Validation in chemometrics is presented using the exemplar context of multivariate calibration/prediction. A
phenomenological analysis of common validation practices in data analysis and chemometrics leads to formulation
of a set of generic Principles of Proper Validation (PPV), which is based on a set of characterizing distinctions:
(i) Validation cannot be understood by focusing on the methods of validation only; validation must be based on full
knowledge of the underlying definitions, objectives, methods, effects and consequences—which are all outlined and
discussed here. (ii) Analysis of proper validation objectives implies that there is one valid paradigm only: test set
validation. (iii) Contrary to much contemporary chemometric practices {and validation myths), cross-validation is
shown to be unjustified in the form of monolithic application of a one-for-all procedure (segmented cross-validation)
on all data sets. Within its own design and scope, cross-validation is in reality a sub-optimal simulation of test set
validation, crippled by a critical sampling variance omission, as it manifestly is based on one data set only (training
data set). Other re-sampling validation methods are shown to suffer from the same deficiencies. The PPV are universal
and can be applied to all situations in which the assessment of performance is desired: prediction-, classification-, time
series forecasting-, modeling validation. The key element of PPV is the Theory of Sampling (TOS), which allow insight
into all variance generating factors, especially the so-called incorrect sampling errors, which, if not properly
eliminated, are responsible for a fatal inconstant sampling bias, for which no statistical correction is possible. In
the light of TOS it is shown how a second data set (test set, validation set) is critically necessary for the indusion of the
sampling errors incurred in all ‘future’ situations in which the validated model must perform. Logically, therefore, all
one data set re-sampling approaches for validation, especially cross-validation and leverage-corrected validation,
should be terminated, or at the wvery least used only with full scientific understanding and disclosure of their
detrimental variance omissions and consequences. Regarding PLS-regression, an emphatic call is made for stringent
commitment to test set validation based on graphical inspection of pertinent t-u plots for optimal understanding of
the X-Y interrelationships and for validation guidance, QSAR/QSAP forms a partial exemption from the present test
set imperative with no generalization potential. Copyright @ 2010 John Wiley & Sons, Ltd.

Keywords: Principles of Proper Validation (PPV); future performance assessment; test set validation; cross-validation;
re-sampling; predictive regression; Theory of Sampling (TOS)
|







Lot Heterogeneity Characterization (LHC)

» Why? It makes no sense to design a sampling procedure
without knowing the lot heterogeneity quantitatively

» A replication experiment will reveal TSE as well as
the sampling steps generating the largest variation

» 10 (40,60) samples provides all the necessary information:
» Complete empirical sampling error estimation —

VARIOGRAPHIC ANALYSIS (1-D case)




SUO: Variography (variographics)
1-dimensional heterogeneity characterization
1 D Iots processes long stationary piles, ordered series etc.

B

‘ —
o




Sampling Principles: LHC (3-D vs. 1-D cases)
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|

8 increments
1 unit pair
(spaced by 14 min)
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From raw data to variogram

Outliers significantly afect the variogram.
ALL outliers should be removed - sequentially

ﬁqﬁyﬁcal Concentration vs. Increment Number alytical C ; ' Analytical Concentration vs. Increment Number
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Experimental variogram Experimental variogram

000
0 24 6 8 10121416 18202224 2628 3032 34 36384042 44 0,000
P 000 24 6 8 1012141618 2022242628 30 32 34 36 38 40 42 44 0246 B8B1012141618202224262830323436383404244

Lag ) Lagj




Sampling Principles: LHT (1-D case)

Analytical Concentration vs. Increment Number

“nugget effect”
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Decreasing Total Sampling Errors (1-

D lots)
Sampling error plots
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