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Total Quality Management
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o Total Quality Management is the organization
wide management of quality.

o Management consists of planning, organizing,
directing, control, and assurance.

o Total quality is called total because it consists
of two qualities :quality of return to satisfy the
needs of the shareholders, and quality of
products.
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Quality Assurance

Defect Prevention
l Proactive Approach l

| Managerial Tool l

I Everyone’s Responsibility |
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Quality Assessment

The goal of laboratory analysis is to provide t
accurate, reliable and timeliness result

» Quality assurance

The overall program that ensures that the final results
reported by the laboratory are correct

» Quality control

A statistical process used to monitor and evaluate analytical,
process that produces patient results




How can Analytical Quality be Controlled?

1. Internal Quality Control (I1QC).

#daily monitoring of quality control sera
2. External Quality Assessment (EQA).

#comparing of performance to other laboratories.




QUALITY CONTROL IN LABORATORY

e WHAT IS QC (Quality Control)?

* QC is a technique that is used to detect & correct errors

before they result in a defective product or service.

® |t refers to the measures that must be included during each

assay run to Verify that the test is Working properly.

* QC must be practical, achievable & atfordable.
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What is QUALITY CONTROL?

QUALITY CONTROL (QC) is a tool / concept for
objectively determining , analyzing and solving
quality problem and for maintaining beiter quality.
QC has main activities :

activities : current quality level

activities = .| the quality level
gstzapl;lisoh ~ Establish

quality

quality control
a process that helps a company
make sure it creates quality rech s/
products and that staff and
management
alike make minimal mistakes




Quality A Suality Comtvol Quality Assurance Vs Quality Control \
uality Assurance uality contro -l
o\an

Provides planned system of review  Provides complete 100% check

and spot-check by senior staff of documents, plans, etc. e ovduict Oanted
One-step review process Detailed process for each
before each submittal submittal with multiple steps
Occurs after QC is complete | Occurs throughout the
2 e A p 5 = — W 5
but before submission life of the project == QAvedlewn == QCowlbw
QA review frequency is per the QC review occurs on all
Quality Management Plan (QMP) projects and submittals
. QUALITY ASSURANCE
Difference
Quality Control Quality Assurance
QUALITY CONTROL
* Product * Process
® Reactive ® Pro-active
¢ Find the defects ¢ Prevent the defects
e Testing ¢ Defining Process
* Inspection * Selection of tools TESTING
* Checkpoint Review e Trainings

k Y
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TERMINOLOGY wlxllhaoll

e PRECISION: This indicates how close test measurements

to each other when the same test is run on the same sample

repeatedly.

® Precision does not imply accuracy

ACCURACY: How close to the true value a measurement

1S.

* The closer to the actual value
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e STANDARD: This is a substance of constant composition of

sufficient purity to be used for comparison purpose.

®* CONTROL:This is a sample i.e. chemically & physically

similar to the unknown specimen.

e STANDARD DEVIATION: This is a statistical expression of

scatter or dispersion of values around a central average value.




/ Lab SOP: Laboratory Standard Operating Procedure Creation Template

Run this checklist every time you need to create a new lab SOP

s

Introduction:

Describe the process you want to document

Identify who is creating the process

State where the process will take place

Record who the process involves

List potential hazards

Note special safety requirements




What is the Difference Between Controls and
Standards (Calibrators)?

©)

Controls Standards (Calibrators)
Used to check calibration of a e Used to calibrate a test system
test system e Manufacturers work very hard to
Manufacturers make pools of make them extremely accurate

serum or plasma

Assay & add analytes to get
“normal” and abnormal controls

Less expensive than standards

Can you use old proficiency
materials as a control if you’re
having problems?

Can you run a patient as a
“control”?

e Expensive
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CALCULATION OF MEAN
ozl bowgiodl Gl

X= K+ X+ X X
N

Where
X — the mean

X, — the first value
X, —» the second value
X, — the third value

Xy — the last value

N —— the number of value




su | [-%P
\/ : Standard Deviation

x| X ™M Q
T I

=
Il

standard deviation ¢kl <l
76 84 69 92 58
sumof  gsaxal 89 73 97 85 77
s w - &
each value in the data set 3 g saaa (A 4ad JS Z(X'X>

mean of all values in the data set  alwadl gl

number of value in the data set pal) 330

v =] < _ Sum
x' n

e (bl andind Al Gunlial) Juadl ga (SD) g bizall Gl a5 e
¢ bal) Ledas sia e bl ac s ol (3568

Lebn 5 il asen JARY JBA (e g bmall i pai¥) ileas Cum 0
o AU ) e JYA (e il g

il Galie 8L e 480 eSS LA (ag 0

/




:oad)l degomod s )limodl BNl ol

G leVeSle A

(Go—ow) | Go—uw | uw
= (1) \=V—-A A
8= (r) [ r=v—a] a
« = f(.) 4 ’=V—V, \"J
=) |\-=v=1]| 1 |
£€=7(rf-) f-=v—o0 o
|- & goxoJl

Ages sampled

18, 19, 23, 25, 30, 30, 35, 36,

39,45, 54, 66, 66, 66, 74

19, 19, 24, 29, 37, 39, 48,
97,69, 70, 72, 75, 82, 83

oudll £ oo
-P&M = =l e ]

o+ 1+V+a+A
) L

N

_
= )gw
— L B il 51 u

(Lg) =~

=0

Standard Deviation
SDmen = 18.98 yrs

Mean
41.7 yrs

91.6 yrs

SDwomen = 23.74 yrs
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Relative Standard Deviation (RSD)
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ERROR!

ERRORS IN CHEMICAL
ANALYSIS
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~ Any measurement involves the interaction

of following three components

—r

Method Analyst




ERRORS:

The word “error” has a very specific meaning in science:
error is simply the difference between an observed result
and the “true,” “actual,” “known,” or “accepted” value.

It is a way of expressing accuracy, or how close a
measurement is to the “true” value. Error can be reported
several ways.



ERRORS IN CHEMICAL ANALYSIS

Impossible to eliminate errors.
How reliable are our data?
Data of unknown quality are useless!

«Carry out replicate measurements
*Analyse accurately known standards
Perform statistical tests on data




CLASSIFICATION OF sUad¥) civias
ERRORS
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Types of error

Indeterminate
or random (Gross error
Error

Determinate
error




Ex: spilling liquid before
it can be measured

Or Gross Error

v

Environmental

When the surroundings
cause problems with

o -

When the observer
does not read the
measurement correctly

\ 4

Environmental

When the environment
unpredictably changes which
affects the results of the
experiment

When the experimental
procedure is flawed, thus
creating inaccuracies in the
experiment

Instrumental

When the instrument is flawed
and causes consistent
inaccuracies in readings

Observational

When the observer’s
judgement leads to
random inaccuracies



TYPES OF ERROR IN EXPERIMENTAL
DATA

Three types:

(1) Systematic (determinate) Error
Several possible sources - later. Readings all too high
or too low. Affects accuracy.

(2) Random (indeterminate) Error
Data scattered approx. symmetrically about a mean value.
Affects precision - dealt with statistically (see later).

(3) Gross Errors
Usually obvious - give “outlier” readings.
Detectable by carrying out sufficient replicate
measurements.




Sources of Systematic Error

1. Instrument Error
Need frequent calibration - both for apparatus such as
volumetric flasks, burettes etc., but also for electronic
devices such as spectrometers.

2. Method Error
Due to inadequacies in physical or chemical behaviour
of reagents or reactions (e.g. slow or incomplete reactions)
Example from earlier overhead - nicotinic acid does not
react completely under normal Kjeldahl conditions for
nitrogen determination.

3. Personal Error
e.g. insensitivity to colour changes; tendency to estimate
scale readings to improve precision; preconceived idea of
“true” value.



Types of

Determinant
error

Instrumental
eITors

Methodic errors

Operational
errors

Personal error

10



~ Determinate or systematic er

e Determinate error are those for which source can be
observed or detected.

¢ The error can often be eliminated or taken into
consideration.

e Analytical chemists attempt to use methods and
techniques that have determinate error eliminated as
much as possible.

e A common cause of determinate error is instrumental
or procedural bias.

* For example: a miscalibrated scale or instrument, a
color-blind observer matching colors.

e Another cause is an outright experimental blunder.

J/
5




Determinate Errors: Reasons...

Operator errors: can arise through
«Carelessness
"insufficient training
«disability
Equipment errors: are due to
»substandard volumetric glassware
faulty or worn mechanical components
sincorrect electrical signals
»poor or insufficiently controlled laboratory environment

Method or procedural errors: are caused by
"inadequate method validation
«Improper methods and concentrations that affect measurements.

Determinate errors that lead to a HIGHER value than a true value are said to show a positive bias;

Determinate errors that lead to a lOWer value than a true value are said to negative bias.
' Determinate errors can be proportional to the size of sample taken for analysis.




Weighing of the
hot crucible

Loss of

precipitate during
filtration

Blowing of last drop of

Operat'ona’ in the nozzle of the
errors | precipitate

Improper

recording of the
instrument

Under washing or
over washing of
the ppt.

Ignorance of
temp.

13



Personal error

The error due to physical limitation of the analyst and

some time bias during measurement are called as
Personal error.

Ex.Colourblindnees of the person unable to detect end
point .

14



SYSTEMATIC ERRORS
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Determinate Errors: Example

Cu?* can be determined by titration after reaction with potassium iodide to release iodine,

e, 2Cuz + 4 — 2Cul + I,

However, the reaction is not specific to Cu?*, and any Fe®* present in the sample will react in the same way.

Results for the determination of copper in an alloy containing 20%, but which also contained 0.2% of iron are
shown below, for a range of sample sizes.

21

.;'9'_'

2 o 0 0 o P(:J-i.élli'.u'E?
= 20 bias
5 True value

o

a

[s)

Q

T
0 0.1 0.2 03 0.4 0.5 0.6 0.7
Sample size (g)

Fig. 2. Effect of a proportional emor on the determination of copper by fitration in the
presence of iron.

The same absolute error of +0.2% or relative error of 1% (i.e. a positive bias) occurs regardless of
sample size, due to the presence of the iron.

This type of error may go undetected unless the constituents of the sample and the chemistry of the method
are known.



DETERMINATE ERRORS CAN BE MORE SERIOUS
THAN INDETERMINATE ERROR

- for three reasons.

* (1) There is no sure method for discovering and
identifying them just by looking atf the experimental
dafa.

* (2) Their effects can not be reduced by averaging
repedted measurements.

+ (3) A determinate error has the same size and sign
for each measurement in a set of repeated
measurements,

+ 5o there is no opportunity for positive and negative
errors to offset each other




Systematic errors can be

constant (e.g. error in burette reading -

less important for larger values of reading) or
proportional (e.g. presence of given proportion of
Interfering impurity in sample; equally significant
for all values of measurement)

Minimise instrument errors by careful recalibration and good
maintenance of equipment.

Minimise personal errors by care and self-discipline

Method errors - most difficult. “True” value may not be known.
Three approaches to minimise:
«analysis of certified standards It can be rectified by
use 2 or more independent methods

_ «careful observation and record keeping
«analysis of blanks

*equipment maintenance

training of laboratory personnel



Characteristics

Determinate
error

Indeterminate

Error

Origin

Magnitude
Direction

Reproducibility

Effect

Remedy
(Therapy)

Source can be observed

Large
Unidirectional

Reproducible

Affect the
measurement

Minimization possible,
elimination in some
cases possible

No Source can be observed

Small

No direction

Not Reproducible

No Affect on
measurement

No elimination
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Indeterminate or random error:

The error are for which source can not be
observed or not detected or can be pinpointed

t causes measurements to fluctuate (vary
slightly high and low) around the true value.

This type of error has no assignable source and cannot
be eliminated, but it can be understood
mathematically



Indeterminate Errors: Reasons

= This type of error arises random fluctuations in measured quantities which always occur even under
closely controlled conditions.

= It has an EQUAL chance of being POSITIVE or NEGATIVE
= It can be REDUCED by careful experimental design and control but never ELIMINATED.
= Environmental factors such as temperature, pressure, & humidity

» Electrical properties such as current, voltage, & resistance are some of the factors producing random
variations described as NOISE.

= These contribute to the overall indeterminate error in any physical or physico-chemical measurement, but no
one specific source can be identified.

Unfiltered

Noise reduced
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STATISTICAL TREATMENT OF
RANDOM ERRORS

There are always a large number of small, random errors
In making any measurement.

These can be small changes in temperature or pressure;
random responses of electronic detectors (“noise”) etc.

Suppose there are 4 small random errors possible.

Assume all are equally likely, and that each causes an error
of £U iIn the reading.

Possible combinations of errors are shown on the next slide:



RANDOM ERROR

Random errors have
different magnitude
during subsequent
measurements of the
same quantity.

For well behaved systems,
random errors in d
measurement cause a

cluster of observed values.

We will assume that
raondom errors are
normally distributed.

This is reasonable for large
sample sizes and truly
random errors

93.5 percent of all observations
fall within £ 1

2.23 percent
2.25 percent

-2 M IL+20
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Frequency Distribution for
Measurements Containing Random Errors
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GAUSSIAN OR
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GROSS ERRORS, OR "OUTLIERS',

* They are errors other than random errors or
systematic errors.

* They are often large and, by definifion,
unpredictable.

« They are typically caused by sudden changes in
the prevailing physical circumstances, by system
faults or by operator errors.
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Gross Errors

* These errors are happened due to fatigue
fa 'teg -le=) and/or carelessness of the

operators. They are sometimes called
human errors.

(can't be calculated or estimated)
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Minimization of
errors

Calibration of
apparatus and
Instruments

Running Blank
determination

Use of
Independent
method of analysis

Running control
determination

Running Parallel
determination

standard addition
method

Internal standard
method

Amplification
method

15



Calibration of
apparatus and
Instruments

e Operational and instrumental Independent
error can be minimized method of + Methodic and operational errors can be
analysis different

Use of ¢ Analysis of same sample by two method of

Running

d d . substance analysed
adaition * Methodic and operational errors will be same for

analysis ,one which will be chosen & results
obtained can be compared.

* Analysis of same sample by two different method by
same analyst, or different .

Runnmg Blank * Methodic and operational Para”el * Methodic error will differ in two cases ,if same analyst
determination errors can be minimized determination * Methodic and personal error will be differ in two

cases if different analyst.

Running of * g;z::s::gd i:.:ll:h an::yriidv;:g its result standard * Sample is analysed alone then sample + standard
control e Deviation of the obtained result from the
true or expected value will be measure method

determination

Internal
standard
method

Amplification
method

of Methodic and operational errors

16

* Fixed amount of reference
material is added to all standard
solutions ,blank and sample .

* Ex. Na is added in the analysis of
soil while determining lithium

* detector singles are amplified to
rectify the improper response of
detector.

* With the knowledge of type of
error analyst can modify existing
method, type of error and
magnitude.

two measurements



e Measures of Error

e Absolute Error
e Absolute error = observed result — “true” value

» . The formula is used this way consistently so that the
meaning of the sign of the error is clear:

e Positive error means the observed result is too large,

* Negative error means the measured result is smaller than

=

true

19



e Relative Error

e Relative error compares the size of an error to the
value of the true measurement. Thus,

e Relative error = absolute error/true value or
e relative error = (observed result — true result)/true value..

N J

e Relative error can be expressed as a decimal,
percentage, parts per thousand, parts per million, etc

./




Absolute & Relative errors:

Absolute Error: is the numerical difference between measured value and the accepted (True) value

Simply subtract the measured value from the accepted answer E A= xM — xT

E, — Measurement error
Xy — Measured value

X - True or accepted value

Relative Error (also, percent error): is the ratio between absolute error and true value

Ex =y = x0)/%;

Er — Relative error
X, — Measured value

X - True or accepted value
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element compound homogeneous heterogeneous

Element

Example: Copper (Cu) Example: Salt (Na,Cl)

www.examplesof.net

Example: Jelly beans



Elements, compounds,
and mixtures

5
2 Mixtures can be separated by physical means.
ot Al okl Llas (S Llladl
i Compounds can only be separated by chemical means.
G Alefll 3 LM Leloos R LS )

2 Elements are pure substances.
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Sedimentation  VWhen mixture Homogenous

is ) Centrifugation
Mixture and

hetaer:ggggﬁgus one cgnstitq?ent
constituent is IS heavy:
eg. sand + ol
water, dirt + e.g. separate cream
muddy _wate from milk
Evaporation Separating
When solid components
present in the of solid-liquid erati
liquid is mixtures When one the Filtration
non-volatile? component

e.g. common salt +

water, Sulphur in dissolves in a

Carbon disulphide solvent?
e.g. common salt +
sand
Distillation Any
homogeneous
or heterogenous When Chromatography
mixture? components are
soluble in
common salt + water solvent?

Ink compoenents




CHEMICAL SEPARATION METHODS

TABLE 30-1

Separation Methods

Method

Basis of Method

Mechanical phase separation
Precipitation and filtration
Distillation
Extraction
Ion exchange

Difference in solubility of compounds formed

Difference in volatility of compounds

Difference in solubility in two immiscible liquids

Difference in interaction of reactants with ion-exchange
resin

Chromatography

Difference in rate of movement of a solute through a
stationary phase

Electrophoresis

Field-flow fractionation

Difference in migration rate of charged species in an
electric field

Difference in interaction with a field or gradient applied
perpendicular to transport direction

© 2004 Thomson - Brooks/Cole




Distribution Coefficient

Definition:
Concentration of component A in stationary phase

Concentration of component A in mobile phase




PARTITION COEFFICIENT

K= concentration in stationary phase
concentration in mobile phase
k = -mass in the stationary phase

mass in the mobile phase




Thin-layer chromatography and column chromatography
and are different types of liquid chromatography.

The mobile (moving) phase is a liquid.

The stationary phase is usually silica or alumina. This
phase is very polar.

The principle of operation is the same!




CHROMATOGRAPHY THEORY REVIEW

Several chromatographic techniques

Even though each method utilizes different techniques
to separate compounds, the principles are the same.

Common to all:

=Stationary phase-

=a solid or a liquid supported on a solid
*Mobile phase-

=A liquid or gas




CHROMATOGRAPHY THEORY REVIEW

As the mobile phases passes through the stationary
phase, it carries the components of the sample
mixture with Iit.

*The components of the sample will be attracted to the
stationary phase, but there will also be a competing
attraction for the mobile phase.

=Each component will have its own characteristic balance
of attraction to the mobile/stationary phase.




DEFINITION OF CHROMATOGRAPHY

Simplified Definition:
Chromatography separates the components of a

mixture by their distinctive attraction tfo the mobile
phase and the stationary phase.

Explanation:

- Compound is placed on stationary phase
* Mobile phase passes through the stationary phase
* Mobile phase solubilizes the components
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STATIONARY PHASE: SILICA (SI0,)




STATIONARY PHASE: ALUMINA

©
O OH OH OH OH

Ad Ad Ad Ad Ad
— No” N7 N N \O/







THIN-LAYER CHROMATOGRAPHY: A
TWO-COMPONENT MIXTURE

solvent front

component B Less polar!

solvent front

component B

component A More polar!
component A



TYPE OF CHROMATOGRAPHY

Chromaogroty |
A
|
Bascd()n the bed Based on the physical Based))n the
L state phases separation
1 1 =
Planar s Liquid l l l
oo chromaography
"”"""“’3”“"’ chromafograply  Afinicy fon-  Gel-filiration
l l chromatography  exchange chromarography
l l chrmnalrography
Paper Thin-layer y
High- Supercritical fluid
chromatography chromatography
performance  chromatography
liquid

Anion -exchange  Cation -exchange

chromatography chromatography  chromatography




CHROMATOGRAPHIC SEPARATION METHODS

Column Chromatography

= Types

= Gas Chromatography

= Liquid Chromatography

= Supercritical Fluid Chromatography

= lon Exchange Chromatography
= Characteristics

= Capable of resolving complex mixtures

= Provides quantitative analytical data

Planar Chromatography

= Types




GAS
CHROMATOGRA




ADVANTAGES OF GAS CHROMATOGRAPHY

* Requires only very small samples with little
preparation

* Good at separating complex mixtures into
components

* Results are rapidly obtained (1 to 100
minutes)

* Very high precision

* Only instrument with the sensitivity to detect
volatil ic mi f low




FRACTIONAL DISTILLATION OF PETROLEUM

© 2004 Thomson - Brooks/Cole



GAS CHROMATOGRAPHY

Filters/Traps Data system
1
L1
1
R —
‘
| J) S
éRegulator; Syringe/Sampler
[
gas system
x| |9 :
x| 2] |2 inlet
= S
D =] column
5|2
detector




Schematic Diagram of Gas Chromatography

Injector Detector

Gas inlets [ it EdJ)r

3 ﬂnnlilﬂer

T Data system
& Print
“I Ht- & )
sHimatic Thermostated
controls @
) oVEnH




GAS CHROMATOGRAPH COMPONENTS

top view
p Flame

Ionization

Injection Port SN
i Detector

)

Column™—




PROCESS FLOW SCHEMATIC

Detector (flame

Sample injection ionization
L detector or FID)
Carrier gas .
5 I Air

(nitrogen or

helium) Hydrogen




COLUMN CHROMATOGRAPHY

A fluid mobile phase, containing the solutes, is passed through a
column packed or coated with a stationary phase

» »
» P

Mobile
phase

Injector Column Detector




THEORY OF OPERATION

Velocity of a compound through the column depends upon affinity for the stationary
phase

Area under curve is
mass _of compound

adsorbed to stationary




CHROMATOGRAPHIC COLUMNS




PACKED COLUMN

Commonly used for gas or liquid chromatography

W TR TN TR LT
TR, : a TR ]

d.=0.1-500 mm
Packing ~5 mm for analytical LC

(stationary phase)
d, =3 —-200 um




OPEN TUBULAR COLUMN FOR GAS CHROMATOGRAPHY

Fused silica tubing

Gaseous M

obile phase> d

d.=0.1-0.5mm
for GC

Stationary phase
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The smaller the packing, the smaller the differences in paths

d, is packing diameter

The more even the packing, the smaller the differences in paths




CHROMATOGRAM OF GASOLINE

Isobutane

n-Butane
Isopentane
n-Pentane
2,3-Dimethylbutane
2-Methylpentane
3-Methylpentane
n-Hexane

. 2,4-Dimethylpentane
10. Benzene

11. 2-Methylhexane
12. 3-Methylhexane
13. 2,2,4-Trimethylpentane
14. n-Heptane

15. 2,5-Dimethylhexane
16. 2,4-Dimethylhexane

©CooNohwWNE
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11 13 17 20 pore




GAS CHROMATOGRAPHY - CHROMATOGRAM

Draw Baseline connecting peak bottoms
Peak Area by the Triangulation Method
Peak Area =h * w,,

Where h = Peak Height from
baseline

w,, = width of peak at
%2 the peak height

Total Adjusted Peak Area (TA)=A +B
Mole Fraction (MF)

A/TA B/TA
Mole Percent = MF x 100

s}
Approximate
Baseline -~ area = hx wys
L Wi

Figure 22.12 Triangulation of a peak.

Area Peak B = 19x 122 = 2320 mmz2
Area Peak A = 17x 40 = _680 mm2
Tetal area = 3000 mm?2

3000

9B = 8229, 10 = 77.3%

up = 080, 45—~ pp79, ]
gy Total 100.0%

Compostition
of mixture

B _ 2330 338
Raio ) = g0~ 1

Wi = 17 mm
Baseline y
\L Air peak
A




THE ANATOMY OF A PEAK

The anatomy of a peak « The anatomy of a peak In
chromatographic theory the
peaks are usually assumed
to have (perfect) Gaussian

shapes.

* Measures of resolution and
chromatographic efficiency
usually involve estimates of
the chromatographic peak
width Peak widths can be
estimated in several ways

A closer look at the normal distribution curve

1 1 1 1 1
M-830 p-20 p-0 n M+0  pP+20 p+30



GAUSSIAN CURVE

A probability distribution that plots all of its values in a symmetrical fashion and most
of the results are situated around the probability's mean.
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Figure 1.3  (Continned)
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The anatomy of a peak

A closer look at tl'g_i:"'-pormal distribution curve

The anatomy of a peak
If we draw a triangle where the
sides are tangents of the it

inflection points they will cross 1.000
- - {oN\

the baseline at 40. 0.882 A
=
>
Q
L
Xx 20
3 0.607 Width at inflection point, w; = 2o
= 2.3550
S 0.500 Width at half height, w;, = 2.355¢
[
'g / 3o \
g 0.324
[T

40
0.134 3 Width at “baseline”, w, = 4o
50
0.044 :
T T T T T T ! u-30 u-:2o y-o I u+0 p+:2c u+30
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X Peak height at maximum

1.000
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CHROMATOGRAM

Detector
Responce

* chromatogram (concentration versus elution tume)

* more strongly retained species elutes last




CHROMATOGRAM

Maasuremant of Area - Infagration

owa s s,mu

Detector
Signal

b

Peak Detection
T

Faak Height

Coneirunted
Start of Bacading

ahramatagram
LMB‘I‘I Feall End
: &
—_—

Ftartion Time

Intagration Erors Caused by Talling

Working Curve

oh pict of M analyicl signal (e Wement or dbscior

Teaponzs) 33 3 incion of analyfs conceniation, using 2 seriss
of standards of known concantration.

(118

&
gu;

gl L1 0| 1 1 |
- 5

The warking curves are then usad fo datermine the concaniration of
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Is the variation of amount
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mobile phase exiting
the chromatographic
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volume).
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OPTIMIZATION OF A CHROMATOGRAPHIC
ANALYSIS

O Chromatography are used in qualitative and quantitative analysis.
U The goal of optimization to achieve complete separation of compounds in minimum time.

O In order to achieve this efficiency, the areas under peaks must be determine and it is necessary
to be well separated analytes to be analysed.

O The resolution and elution time are the most important variables to be consider.







SOME KEY EQUATIONS

Retention

Distribution constant or coefficient

k=D
(1],

Retention factor and retention time
_ tr _tM
tM

K

Efficiency and Resolution

Theoretical plates and plate height

2
N :16(t—“j HoL
W

Van Deemter equation
The van Deemter equation relates
efficiency to operating variables

H =E+ A+Cu




Chromatographic resolution

A chromatogram with two
analytes, A and B

Detector signal

Chromatographic resolution

Resolution (separation) between A and B is of course
neccessary for quantification of the compounds

Detector signal




Chromatographic resolution

Resolution (separation) between A and B is of course
neccessary for quantification of the compounds

B

Poor resolution

Detector signal
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Chromatographic resolution

Resolution (separation) between A and B is of course
neccessary for quantification of the compounds

Good resolution

Detector signal
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Chromatographic resolution

Resolution (separation) between A and B is of course
neccessary for quantification of the compounds

b
L

Two factors affect resolution between

i peaks: .

. 1) The distance between the peak maxum
| 2) The average peak width A

Detector signal
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Chromatographic resolution

Resolution (separation) between A and B is of course
neccessary for quantification of the compounds

t: The resolution between two ; B
. peaks, R; is defined as: '
2 (tap) — & At
A, - (tae) — ta) B, =B
Woa) + WoB) W,

Detector signal

T a2 T - T " T T T T T T . T
0 1 2 3 4 5 6 7 8 9 10 min




RETENTION TIME T,

The time elapsed from
the sample
introduction to the
detection of the peak
maximum on the
chromatogram.

The difference between
the retention time
and the hold up time

Detector signal =g

Time =




(3) Relationship of volume and time response:

Ve=txs XF
Vy=ty XF
Where: F = Flow-rate of solvent through the column

(4) Adjust retention times and volumes

Adjusted retention time (t;') = t; — t,,
Adjusted retention Volume (Vg') = Vi - V),
These adjusted parameters are useful in that they better reflect the true retention

of solute one the system (i.e. they correct for the void time contribution to the
solute’ s total elution time).

©



CHROMATOGRAM:
RETENTION TIME

Detector signal s

Time =

© 2007 Thomson Higher Education

The time elapsed from the sample introduction to the
detection of the peak maximum on the




RETENTION FACTOR, K

OR CAPACITY
3 k' = lr — 1
e =
e tR—> tO
E 7?
3 —— tr: Retention time
] t,: Non-retention time
g
7

©



RETENTION FACTOR, K
OR-CAPACITY . S

1.9 RESOLUTION FACTOR BETWEEN TWO PEAKS

i W P s 1@re
A {1 ! i e '
: . k\ 1 k1=.:_51 ky=3.07
t " a2 | | ] |2 M
Lo &2 T : i\
.- "R‘ = 1 & A B
3. * : k2=-'—52 Ky =3.92
T > M
I . -+ l :'N
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Figure 1.8 Retention factors and separation factor between two cowiperiods o compound

has its own retention factor. On this higure, the scparation factor is around 1.2 The separation
factor is also_equal to the ratio of the two retention facters. @ alone is not enough o determine
whether the separation is really possible.

When k'a 1s <1.0, separation is poor

When k' 1s >30, separation 1s slow

When k' 15 2-10, separation 1s optimum




SEPARATION FACTOR, &

Separation factor: Ratio of k's of two peaks

The separation factor for two peaks is the ratio of their
retention factors.




SEPARATION FACTOR, (

 The relationship between the elution positions of two peaks is expressed using
this parameter.

O It can also be said that the separation factor expresses the separation
selectivity.

O This is because the size of a indicates whether the two peaks are in closely
neighboring positions or separated positions.




SELECTIVITY FACTOR
(SEPARATION FACTOR)

The separation factor ()

1.9 RESOLUTION FACTOR BETWEEN TWO PEAKS

T is one parameter used
iR in describing how well
bl M two solutes are

II i
0 o) > S
Figure 1.8 Retention factors and separation factor between two cowipeiis, “h compound
has its own retention factor. On this figure, the separation factor is around 1.2 The separation Se pa ra e 0 n a
_equal to the ratio of the two retention factors. a e is not enough o determine
r the separation is really possible. h t h n
K but does not consider the
] effect of column

Retention time




RESOLUTION

~—

ENFRAL ASPECTS OF CHROMATOGRAPHY

T CHAPTER 1 - 6
4 - 1 1
0.02

o)

A simulation of chromatographic peaks using two identical Gaus-
The visual aspects corresponding to the values of R are indicated
— 1.5 the peaks can be considered to be baseline resolved,

Figure 1.9 Resolution Jactor.
sian curves, slowly separating.
on the diagrams. From a value of R
the valley between them being around 2 per cent.
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e

., R=291
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30m
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3 ' R=4.15
f
e 60m :

e

20 min

o 5 10 15
igy:
Figure 1.10  Effect of
instrument illustrating that
h\‘lltjphed by.1.41 or /2 (adapted from a

columun lengtls on the resolution. Chromatograms obtained with a GC
by doubling the length of the capillary column, the resolution is
document of SGE Int. Ltd).

DIFI

., Other expressions derived from the prcccding ones and established with a view

5 o _5.ebla;§iljg one parameter by another or to accommodate simplifications may
“Q{ls\t:):_bg employed to express the resolutio
this way.

n. Therefore expression 1.27 is used in

resolution (R,) between two
peaks is a second
measure of how two
peaks are separated.

tRZ_ tRl

R =
(WpotWyy)/2

For most cases, R, > 1.5 is considered




RESOLUTION, Rg

The resolution indicates the extent
to which two peaks are separated
or, from a different perspective, the
extent to which they overlap.

While the separation factor
indicates only the positional
relationship between two
peaks, and does not indicate
the degree of overlap, the
resolution does, to a certain extent,
indicate the degree of separation.
t, —t

2 Rl




RESOLUTION REQUIRED FOR COMPLETE SEPARATION




RELATIONSHIP BETWEEN RESOLUTION AND OTHER
PARAMETERS

The resolution is a

function of the R = gy ey
separation factor, the |
theoretical plate 2 (W, +W,)

number, and the

retention factor. _ lm [a_lj [ k, J
k

04 *+1

2
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ISO Standards

2

*®

mﬂgeﬂe‘“’
IATG 16949 il
ISO 31000 Automotive Quality il |
Risk management Management ISO 20000 SO 13485

IT service management. Medical Device

ISO/TS 29001:2010

AS 9100D
Petroleum, petrochemical and natural gas industries Aviation, Space, and Defense Organiza

ISO 9000: Quality Management

.. ™
¥ i, )
!
— T 2
S P : !
“ e (\.r < £ |

1ISO15378 and PS9000 ISO 14000 = ' | o
Pharmaceutical Packaging Environmental management ISO 22000 ISO 50001
Materials Food safety management Energy management

AT H
ISO PR/mol/item ID
NS

Date Running title of presentation 2



ISO 9001

ISO 9001 is the world’s most popular and most commonly used standard
for Quality Management System (QMS)

Quality Management System (QMS) is a formalized system that
documents processes, procedures, and responsibilities for achieving quality

polices and objectives.
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ISO 9001 and ISO 14001 in briet

o ISO 9001 and ISO 14001 are among ISO's most well
known standards ever.

o They are implemented by more than a million
organizations in some 175 countries.

o ISO 9001 helps organizations to implement quality
management.

o ISO 14001 helps organizations to implement
environmental management.

%=5Y PR/molitem ID
sl Date
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Quality management

ISO 9001 is for quality management.

o Quality refers to all those features of a product (or service) which are
required by the customer.

o Quality management means what the organization does to

e ensure that its products or services satisfy the customer's quality
requirements and

o comply with any regulations applicable to those products or services.
B2l 350YISO 9001 o
el Lgallay ) (Aaaadl f) el €l e JS (A B3l i o
daalall 33 ) cilillaiag i Lgilend ol Lgilatiie ol (e ST A gl aleii La 33 gl 5 ))0) Jix3
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Quality management (In brief.)

v Quality management also means what the organization
does to

v enhance customer satisfaction, and

v achieve continual improvement of its performance.
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Environmental management

o ISO 14001 is for environmental management. This ' IS0
means what the organization does to: ¥\

o minimize harmful effects on the environment caused by
Its activities,

o to conform to applicable regulatory requirements, and to

e achieve continual improvement of its environmental
performance.

.. »\ .~.~' T e G\ ‘ . ... R T ‘ ...\.A z, j 53 . ‘.é ‘J‘ . - °
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Generic standards

ISO 9001 and ISO 14001 are generic standards.

Generic means that the same standards can be applied: 4le julxa
o to any organization, large or small, whatever its product or service,
o In any sector of activity, and

o Wwhether it is a business enterprise, a public administration, or a
government department.

Aale e AISO 14001 51ISO 9001 o
¢ 5 ypaa \L_H\SOJ.\.\S WJALSYJ#M\WLSML)SAJM‘@_\M e o
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Generic standards (cont.)

Generic also signifies that
o NO matter what the organization's scope of activity

o If It wants to establish a quality management
system, ISO 9001 gives the essential features

o or If It wants to establish an environmental
management system, ISO 14001 gives the
essential features.

2% PR/molitem ID . . .
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Management systems

o Management system means what the organization does
to manage its processes, or activities in order that

o Its products or services meet the organization’s
objectives, such as

o satisfying the customer's quality requirements,
e complying to regulations, or

e Mmeeting environmental objectives

%% PR/molitem ID : : :
ISO s Running title of presentation 10




Management systems

o To be really efficient and effective, the organization can manage its
way of doing things by systemizing it.

o Nothing important is left out.

o Everyone is clear about who is responsible for doing what, when,
how, why and where.

o Management system standards provide the organization with an
International, state-of-the-art model to follow.

L@.uhud)aw;hu‘ibew$uﬁtglﬁghojé\w‘yﬂu&cmMMJMMUJSauﬁ °
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Management systems (cont.)

o Large organizations, or ones with complicated
processes, could not function well without
management systems.

o Companies in such fields as aerospace,
automobiles, defence, or health care devices
have been operating management systems for
years.

o The ISO 9001 and ISO 14001 management
system standards now make these successful
practices available for all organizations.

AT H
B';t/ém/'tem ID Running title of presentation 12



Processes, not products

o Both ISO 9001 and ISO 14001 concern the way an organization
goes about its work.

Document ()
Management Security &
System Eontot

w

@

F ||
w <
"

o They are not product standards.

o They are not service standards. ) B

Annotations

o They are process standards. el

o They can be used by product manufacturers and service
providers.

Leles Aadiial) gy (bl il A8y ,hlLSO 14001 5ISO 9001 (re JS Gl o
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Processes, not products (cont.)

o Processes affect final products or services.

o 1SO 9001 gives the requirements for what the organization must do to
manage processes affecting quality of its products and services.

o IS0 14001 gives the requirements for what the organization must do
to manage processes affecting the impact of its activities on the

environment.
Al claadl) o cilamidl e cilleall S5 o
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Certification and registration

o Certification Is known in some countries as
registration.

o It means that an mdependent external body
has audited an organization's management
system and verified that it conforms to the
requirements specified in the standard (1ISO 9001
or ISO 14001).

o ISO does not carry out certification and does
not issue or approve certificates,

BRt/m ofitem ID Running title of presentation 15



Accreditation

o Accreditation is like certification of the certification body.

o It means the formal approval by a specialized body - an accreditation body -
that a certification body is competent to carry out ISO 9001:2008 or ISO
14001:2004 certification in specified business sectors.

o Certificates issued by accredited certification bodies - and known as
accredited certificates - may be perceived on the market as having
increased credibility.

o 1SO does not carry out or approve accreditations.
il laa) Al Balgd Jia g alalisY) o
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Certification not a reguirement

o Certification is not arequirement of ISO 9001
or ISO 14001.

o The organization can implement and benefit from
an ISO 9001 or ISO 14001 system without having
It certified.

o The organization can implement them for the
Internal benefits without spending money on a
certification programme.
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Certification IS a business decision

o Certification is a decision to be taken for business reasons:
o Ifitis a contractual, regulatory, or market requirement,
o Ifit meets customer preferences

o Itis part of a risk management program , or

o If it will motivate staff by setting a clear goal.
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ISO does not certify.

o IS0 does not carry out ISO 9001 or ISO 14001 certification.
o IS0 does not issue certificates.
o |ISO does not accredit, approve or control the certification bodies.

o |ISO develops standards and guides to encourage good practice in
accreditation and certification.

1ISO 14001. 5ISO 9001 e 2SO s Y o
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The I1SO 9000 family

o IS0 9001 is the standard that gives the requirements for a quality
management system.

o 1S5S0 9001:2008 is the latest, improved version.

o Itisthe only standard in the ISO 9000 family that can be used for
certification.

o There are 16 other standards in the family that can help an
organization on specific aspects such as performance improvement,
auditing, training...

1ISO 9001: 2008 3352l 51 plai cililliia Jaey 3} jLaall 581SO 9001 o
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A common British Standard

employed by UK industries in 1979

BS 5750 standard was adopted

The first amendment for
certification purpose
(Quality assurance via preventive action)

The second amendment which
combined 150 9001, 9002, 9003
standards into one single standard

The latest version which is not
an upgrade but has come out
with few wvaluable clarifications

PR/mol/item ID
Date

1SO 9001:1987 |

&

[ ISO 9000:1987 }

v

' 1SO 9002:1987

ISO 9003:1987

ISO 9001:1994

o

[ ISO 9000:1994 }

[ 1SO 9001:2000 ]

l

[ ISO 9001:2008 ]

1SO 9002:1994

-

ISO 9003:1994

Model for quality assurance in
design, development, production,
installation and servicing
{includes creation of products)

Model for quality assurance in
production, installation, and servicing (does
not include creation of new products)
Model for quality assurance
in final inspection and test

Mo change from previous version

No change from previous version

Model for quality assurance
in final inspection and test
(includes preventive action)
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Quallty assurance In
final inspection and

The requirements
for compliance with
the standard. This Is
what organizations

long-term success of

quallty management. existing production

Called Vocabulary
and Fundamentals.

25th anniversary of
150 9000. Focus on
PDCA at all levels of
organization—systems

Revision focuses on Rewrite recognizes

quality assurance,

1S 9000 series of
standards released

sustained success."
stakeholder needs.

Guidelines for
selection and use
of standards

1SO 9000-1

Standards used
for certification

ISO 9001 ISO 9002

Guidelines
to
standards

ISO 9004 1SO 9004-2 [SO 9000-3

PR/mol/item ID
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ISO 9000 doucments

Hierarchy of QMS documents

Policy

Strategic Level 1

Level 2

Tactical /£

Level 3

Level 4

Quality Documentation Structure

Goals & Objectives A series of policy statements for each area of
ISO 9001 standard

Rules

Poli Policies describe all the rules set by the company to
olicies be respected by all

A set of interrelated activities transforming
What? When? requirements to a product/service

Specified ways to carry out a process
(responsibilities & actions).
Procedures are higher level documents
Instructions are very specific for tasks

Procedures & Instructions

Support documents to procedures

. Templates, Forms, Checklists. .. and instructions. When filled

o become records.

L

]

= Provides evidence of data,

Records activities and conformance to
QMS requirements
N PR/molitem ID Documentation Pyramid
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Hazards

 Design Control
*Document Control
*Purchasing
*Equipment

» Corrective Action
*Training
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What
Equipment &
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=)

Frocess

HOW:
Meathods &
Documentaticn

Wha
Peaple &
Competance

=)

Results;
Objectives &
Targets

Sample of Process Diagram (Turtle Diagram)
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The ISO 14000 family

o IS0 14001 is the standard that gives the requirements for an environmental
management system.

o IS0 14001:2004 is the latest, improved version,

o Itisthe only standard in the ISO 14000 family that can be used for
certification.

o The ISO 14000 family includes 21 other standards that can help an
organization specific aspects such as auditing, environmental labelling, life
cycle analysis...
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1ISO 14000

ISO 14000 Environmental Management System

Understanding
the
Crganizati
and Its Co

E OItiorns
of Interasted
Partias

gemeant

L2
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Documented
InTorrmation
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Planning and
Control
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Preparednass
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CHECK

Performance
Evaluation

Monitoring,
Measurement,

Analysis and
Evaluation

Internal Audit

Management
Reawview
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ISO 14001:2015 Environmental Management Systems - Requirements with guidance for use

Environmental Management Systems - Guidelines for using |50 14001 to address
ISO 14002-1:2019

environmental aspects and conditions within an envirenmental topic area - Part 1: General

ISO 14004:2016 Environmental Management Systems - General guidelines on implementation
Environmental Management Systems - Guidelines for a flexible approach to phased
SO 14005:2019
mplementation
1SO 14006:2020 Environmental Management Systems - Guidelines for incorporating ecodesign

(Wa]

Environmental Management Systems - Guidelines for incorporating material circulation in

150 14009:2020

design and development
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The ISO 9001 Survey.

Worldwide total of
ISO 9001:2000 certificates
December 2003 to December 2007
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Annual growth of
ISO 9001:2000 certificates
December 2003 to December 2007
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Top 10 countries for
ISO 9001:2000 certificates

————————
_ Italy : 115359
_ Japan:73176
_ Spain : 65112

- India : 46 091

- Germany : 45195

- USA:36192

- United Kingdom : 35517
. France : 22981

- Netherlands : 18922
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The ISO Survey (cont.)

o The worldwide total of certificates to 1SO
9001:2001 at the end of 2007 was 951 486.

o Thiswas increase of 6 % over 2006 when the
total was 896 929 certificates.

o Certificates had been issued in 175 countries
compared to 170 the previous yeatr.
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The ISO 14001 Survey. (cont.)

Worldwide total of Annual growth of Top 10 countries for
ISO 14001:2004 certificates ISO 14001:2004 certificates ISO 14001:2004 certificates
December 2005 to December 2007 December 2005 to December 2007
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The ISO Survey (cont.)

o The worldwide total of ISO 14001 certificates at
the end of 2007 was 154 572.

o Thiswas an increase of 21 % over 2006 when
the total was 128 211.

o Certificates had been issued in 148 countries
compared to 140 the year before.
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Benefits of ISO 9001 and ISO 14001.

o International, expert consensus on state-of-the-art practices for quality
and environmental management.

o Common language for dealing with customers and suppliers worldwide
in B2B

(s AT As 58 ) pladl Le S 58 aui s el ) daie (e 3 je B2B Gsw) o

o Increase efficiency and effectiveness.
o Model for continual improvement.
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Benefits of ISO 9001 and ISO 14001 (cont.)

o Model for satisfying customers and other stakeholders.
o Build quality into products and services from design onwards.

o Address environmental concerns of customers and public, and comply
with government regulations.

o Integrate with global economy.
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Benefits of ISO 9001 and ISO 14001 (cont.)

o Sustainable business
o Unifying base for industry sectors
o Qualify suppliers for global supply chains
o Technical support for regulations
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Benefits of ISO 9001 and ISO 14001 (cont.)

o Transfer of good practice to developing countries
o Tools for new economic players
o Regional integration

o Facilitate rise of services
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