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Comparison of PerformanceComparison of Performance
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Quantitative work in HPLC

• Standards Considerations

• Integration events: Explained and demonstrated
• Running sets of samples

– Blanks – Carry over and system peaks

– System Suitability

– Calibration and Quantitation
• Parameters effecting quantitation and validation

• Requirements from chromatographic data systems
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REFERENCE STANDARDS:REFERENCE STANDARDS:

Standard InformationStandard Information Standards in the IndustryStandards in the Industry
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Primary StandardPrimary Standard
Primary Standard

Materials which are accepted without reference to o ther standards.  
If the materials have undergone complete analytical  characterization, their identity 
must be proven (elucidation of chemical structure) and their purity must be sufficiently 
high and stated (>99.0%).  

The characterization of primary standards generally involves the following:
• Elucidation of chemical structure by IR, UV, H-NMR,  C-NMR, MS, CD etc.  
• Purity determination by  HPLC,TLC,GC,GPC,DSC,residu e of ignition, water content etc.
• Assay: Titration,DSC,Chromatography.

It is acceptable that the manufacturing process of primary references standards
differs from the final processing of the drug subst ance.  

Pharmacopeial Standards

Commonly used for certain tests and assayed to achieve accuracy and precision of analytical results required in 
compendia monographs.  Pharmacopeial standards are basically regarded as primary standards.

Working StandardWorking Standard

Working Standards

Materials are designed for daily use in instrumental analysis such 
as routine quality control.

They are characterized by comparison with Primary or 
Pharmacopoeia standards.  Their purity corresponds to a "typical 
batch".

Information Supporting The Integrity of The Information Supporting The Integrity of The 
Reference StandardReference Standard

• Tests to characterize the reference standard are different and more 
extensive than those used to control the new drug substance as to 
Identity, Strength, Quality, and Purity

• Physical description

• Physical constants (RI, pK, BP, MP, etc.)

• Chemical Attributes (Formula, weight)

• Appropriate analytical tests used to ID

• Data establishing purity
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IntegrationIntegration

Measurement of Peak Area Measurement of Peak Area -- IntegrationIntegration

Time

Detector 
Signal

Start

End

Abs x dtArea = �

Measurement of Area:Measurement of Area:
Peak IntegrationPeak Integration

Data Bunching
Peak Start
Peak Apex
Peak End

Peak Detection Peak Detection –– Integration EventsIntegration Events

Peak End

Constructed 
Baseline

Peak Height

Peak Apex

Start of 
chromatogram

Peak Start

Retention Time
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Peak Integration: Data BunchingPeak Integration: Data Bunching

B = (WxS)/15

Data 
points

Bunching

15 = Minimum Number of points to define a peak

B = BUNCHING FACTOR
W=PEAK WIDTH
S = SAMPLING RATE

Measurement of Area:Measurement of Area:
Peak Integration Peak Integration -- Peak StartPeak Start

B1

B2

B3

Slope 1 = 
(B2-B1)/(t2-t1)

Slope 2 = 
(B3-B2)/(t3-t2)

Average 
Slope

Threshold value

Measurement of Area:Measurement of Area:
Peak Integration Peak Integration -- Peak EndPeak End

B1

B2

B3

Slope 1 = 
(B2-B1)/(t2-t1)

Slope 2 = 
(B3-B2)/(t3-t2)

Average 
Slope

Threshold value
(Touchdown)
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Measurement of Area:Measurement of Area:
Peak Integration Peak Integration -- Peak ApexPeak Apex

Slope 1 = 
(B2-B1)/(t2-t1)Slope 2 = 

(B3-B2)/(t3-t2)

Asymmetric factor or  Tailing factor

a b 5 % of Peak Height

h

a b

h

Symmetric Asymmetric

Proper Integration Events are RequiredProper Integration Events are Required
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• Standards Considerations

• Integration events: Explained and demonstrated
• Running sets of samples

–– Blanks Blanks –– Carry over and system peaksCarry over and system peaks

– System Suitability

– Calibration and Quantitation
• Parameters effecting quantitation and validation
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Quantitative Set of Samples- Running Blanks

VIAL SAMPLE NAME INJ VOL No of Inj Function Method Run Time Sample 
Weight

Dilution

1 Blank 20.0 1 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

2 System System 
SuitabilitySuitability

20.0 1 Inject Samples SST  Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

3 Std1 20.0 5 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

4 Std2 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Report LC Calibration Report

Report Standard Comparison

Clear 
Calibration

LC Demo Method Set

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

2 Unk.1 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

3 Unk.2 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

4 Unk.3 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

5 Unk.4 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

6 Unk.5 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

7 Unk.6 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

Calibrate LC Demo Method Set

Sample vs. Blank (Diluent)Sample vs. Blank (Diluent)
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Sample

Unexpected peaks can appear in blanks and in all following injections
In this case they are excluded from the processing of the sample

? ? ? ? ?

INJECTION OF PURE SOLVENT:INJECTION OF PURE SOLVENT:
Why would there be peaks?Why would there be peaks?

Injection
“System Peak” ???

Carry over ???

Contamination ???
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System PeaksSystem Peaks

“Legitmate” System Peaks 
Originate from the Mobile Phase Components Going 

Through Re-Equilibration 

CONDITIONS FOR APPEARANCE OF REAL SYSTEM CONDITIONS FOR APPEARANCE OF REAL SYSTEM 
PEAKSPEAKS

• Mobile phase is multi-component (n=>2)

• Mobile phase contains  adsorbable components

• Mobile phase’s components respond to the detector
(high background)

• Sample or sample-diluent is different from the  
mobile phase, enough to create equilibrium perturba tion.

EXAMPLE:
Two additives in the mobile phase

CHROMATOGRAM

Mechanism of System Peaks Formation

Vacancy

Example:  k’(Example:  k’(11) = ) = 11
Step Step 11::

Equilibrium:Equilibrium:
Cs=Cs=11; ; CmCm = = 11

Step Step 22::
Injection of Vacancy:Injection of Vacancy:

Cs=Cs=11; Cm=; Cm=00

Step Step 33::
ReRe--equilibration:equilibration:
Cs=Cs=00..55; ; Cm=Cm=00..55

Example:  k’(Example:  k’(22) = ) = 22
Step Step 11::

Equilibrium:Equilibrium:
Cs=Cs=22; ; CmCm = = 11

Step Step 22::
Injection of Vacancy:Injection of Vacancy:

Cs=Cs=22; Cm=; Cm=00

Step Step 33::
ReRe--equilibration:equilibration:

Cs=Cs=11..3333; ; Cm=Cm=00..6767

k' = 
t R - t 0

t 0

k’ = 
CCssffff
Cm

t0

k’=1 k’=2

Injection of free amino acids into mobile phase containing:Injection of free amino acids into mobile phase containing:
Ac  buffer, CuAc, and Heptsulfonate. Ac  buffer, CuAc, and Heptsulfonate. 

Diluent: WaterDiluent: Water

Levin and Grushka
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Sample Name: Diluent
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Mobile phase: ACN : Phosphate Buffer pH 9.5 1:1
Wavelength:   280 nm

Contaminations Peaks Contaminations Peaks -- NotNot System Peaks!System Peaks!

Phosphate Buffer and Acetonitril Do Not Produce Such System Peaks! Quantitative work in HPLC

• Standards Considerations

• Integration events: Explained and demonstrated
• Running sets of samples

– Blanks – Carry over and system peaks

–– System SuitabilitySystem Suitability

– Calibration and Quantitation
• Parameters effecting quantitation and validation

• Requirements from chromatographic data systems

Quality Control – Testing System Suitability
VIAL SAMPLE NAME INJ VOL No of Inj Function Method Run Ti me Sample 

Weight
Dilution

1 Blank 20.0 1 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

2 System System 
SuitabilitySuitability

20.0 1 Inject Samples SST  Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

3 Std1 20.0 5 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

4 Std2 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Report LC Calibration Report

Report Standard Comparison

Clear 
Calibration

LC Demo Method Set

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

2 Unk.1 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

3 Unk.2 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

4 Unk.3 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

5 Unk.4 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

6 Unk.5 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

7 Unk.6 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

Calibrate LC Demo Method Set

PERFORMANCE CRITERIAPERFORMANCE CRITERIA BY ONE PEAKBY ONE PEAK

RETENTION FACTOR or CAPACITY RATIO

k’ = k' = 
t R - t 0

t 0

Csffff Cm

ASYMMETRY FACTOR

� � ��
� ���	�
�

� ���	� 
�

NUMBER OF THEORETICAL PLATES

�����

�

� ��������
�

�

TAILING  FACTOR

� � ��
�����

��	 �
� ���

Application

A
U

0.000
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0.010

0.015

0.020

Minutes

0.710 0.720 0.730 0.740 0.750 0.760 0.770

Area: 28501
USP Resolution: 4.48
USP Tailing: 1.11
K Prime: 4.02
Retention Time: 0.74

Width(base)

height

Width (50%)

A B 10%h
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(CH 3
)

2
HN

+

O- Si
O- Si
OH
O- Si
O- Si
OH

O- Si
OH
O- Si
O- Si
O- Si
OH

O- Si
O- Si

Mobile 
Phase pH < 3

Si - OH

O- Si
O- Si
O -
O- Si
O- Si
O-
O- Si
O -
O- Si
O- Si

O- Si
O -

O-- Si
O- Si

(CH
3
)

2
HN
+

-
Mobile 
Phase pH > 3

Si – O
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MixedMixed--Mode Retention:Mode Retention:
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PERFORMANCE BY TWO PEAKSPERFORMANCE BY TWO PEAKS

t0

tR(1) tR(2)

w1 w2

SELECTIVITY FACTOR 

a ��
�� � � �

�� ���

EXPERIMENTAL RESOLUTION

�����
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SELECTIVITY  vs   EFFICIENCYSELECTIVITY  vs   EFFICIENCY

LOW SELECTIVITY (aaaa)
HIGH EFFICIENCY (N)

HIGH  SELECTIVITY (aaaa)
LOW  EFFICIENCY (N)

Rs = 
tR (2)- t R(1)

1/2(w 1 + w 2)
Same in both 
cases
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SELECTIVITY  vs   EFFICIENCYSELECTIVITY  vs   EFFICIENCY

LOW SELECTIVITY ( aaaa)
HIGH EFFICIENCY (N)

HIGH  SELECTIVITY (aaaa)
LOW  EFFICIENCY (N)

Rs = 
t R (2)- t R(1)

1/2(w 1 + w 2)
same in both cases

Recommendations Parameters:  Recommendations Parameters:  
System SuitabilitySystem Suitability

• Capacity factor 
– k' > 2

• Precision/Injection repeatability

– RSD </= 1%, n >/= 5
• Resolution

– Rs >/= 2 (Major peak and 
closest eluting)

• Tailing factor
– T </= 2

• Theoretical Plates

– In general N > 2000

Quantitative work in HPLC

• Standards Considerations

• Integration events: Explained and demonstrated
• Running sets of samples

– Blanks – Carry over and system peaks

– System Suitability

–– Calibration and QuantitationCalibration and Quantitation
• Parameters effecting quantitation and validation

• Requirements from chromatographic data systems

Quality Control – Test of Precision and Calibration
VIAL SAMPLE NAME INJ VOL No of Inj Function Method Run Time Sample 

Weight
Dilution

1 Blank 20.0 1 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

2 System System 
SuitabilitySuitability

20.0 1 Inject Samples SST  Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

3 Std1 20.0 5 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

4 Std2 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Report LC Calibration Report

Report Standard Comparison

Clear 
Calibration

LC Demo Method Set

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

2 Unk.1 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

3 Unk.2 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

4 Unk.3 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

5 Unk.4 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

6 Unk.5 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

7 Unk.6 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

Calibrate LC Demo Method Set
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AssayAssay
Calibration Plot

A
re

a

0.0

5.0x105

1.0x106

0.0000.0020.0040.0060.0080.0100.0120.0140.0160.0180.020

OR: =  WStd /AStd

Related CompoundsRelated Compounds

MAIN

Working CurveWorking Curve
A  plot of the analytical signal (the instrument or detecto r 

response) as a function  of analyte concentration, using a series  

of standards of known concentration. 

The working curves are then used to determine the concentrat ion of 

an unknown sample or to calibrate the linearity of an analyti cal 

instrument. 

External or Internal

Response 
Std

Amount 
Std

External Standard

Response StdAmount  Std

Response UnkAmount  Unk

Amount  Unk =
Amount  Std

Response Std
Response Unkx

Choice of Standardization: 
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External or Internal

Gas chromatography, bio-studies 
or complex medium and complex 

sample preparation:
internal standard

Simple formulations and sample 
preparation: external standard

Choice of Standardization

Response Std
Response Istd

Amount  Std
Amount  Istd

C
Int. Std. D

Response Unk
Response Istd

Amount  Unk
Amount  Istd

External or Internal

Internal Standard

Choice of Standardization:

(11,000/5,800) x (100/10)
----------------------------------- x 10  =  Amt B = 94.8

12,000/6000

B

C
Int. 
Std.

B C
Int. 
Std.

StandardUnknown

10

100

10

6,00012,000
5,80011,000

12,000/6000 100/10

11,000/5800 Amt B/10

Internal StandardInternal Standard Standard AdditionStandard Addition
Due to matrix effects the analytical response for an 
analyte in a complex sample may not be the same as 

for the analyte in a simple standard. 

Signal

Conc.
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Basic ReportBasic Report Untitled 

Project Name:    Dissolution_DefaultReported by User:    System

S A M P L E      I N F O R M A T I O N

Acquired By: System Sample Name: Prednisone_Tab 
Date Acquired: 27/10/1999 14:38:40 Sample Type: Unknown 
Acq. Method Set: Prednisone Mth Set Vial: 16 
Date Processed: 27/03/2001 14:17:26 Injection #: 1 
Processing Method: Prednisone Proc Mth Injection Volume: 20.00 ul

Channel Name: 2487Channel 1 Run Time: 4.0 Minutes
Proc. Chnl. Descr.: Single @ 242 nm Sample Set Name: PrednisoneNoRecircNoRepl 

Auto-Scaled Chromatogram
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Name RT Area Height Amount Units

Prednisone

0.573

1.791

22575

1188824

822

186546 0.024 mg/ml

Peak Results

A measure of the uncertainty due to random 
error in a set of data (also: precision of a set of  
measurements). 

Standard Deviation

s  = standard deviation, 
N  = the number of data points,
 x i= each individual measurement, 
 x bar =  the mean of all measurements.

 The value x i - x bar is called the residual 
for each measurement. 

Summary ReportSummary Report
Sample Set: PrednisoneNoRecircNoRepl

General Information
Sample Set Name PrednisoneNoRecircNoRepl
Sample Set Method PrednisoneNoRecircNoRepl
Sample Set Start Date 27/10/1999 12:36:43
Sample Set Finish Date 27/10/1999 15:37:29
Sample Set Id 2090
Sample Set Altered No

1

2

3

4

SampleName Sample Type Vial Inj #
Run Time
(Minutes)

Injection
Volume

(ul)

Acquistion
Method Set

Sample
Weight

Dilution Label

Prednisone_Tab

Prednisone_Tab

Prednisone_Tab

Prednisone_Tab

Unknown

Unknown

Unknown

Unknown

11

12

14

16

1

1

1

1

4.00

4.00

4.00

4.00

20.00

20.00

20.00

20.00

Prednisone Mth Set

Prednisone Mth Set

Prednisone Mth Set

Prednisone Mth Set

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

AU0203

AU0204

AU0206

AU0208

Name: Prednisone;   Processing Method: Prednisone Proc Mth;   Fit Type: Linear (1st 
Order);   Cal Curve Id: 2973;   A: 0.000000e+000;   B: 4.867524e+007;   C: 

0.000000e+000;   D: 0.000000e+000;   R^2: 1.000000

Amount

Calibration Plot

A
re

a

0.0

5.0x10 5

1.0x10 6

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.020

Quality Control – Test of Accuracy

VIAL SAMPLE NAME INJ VOL No of Inj Function Method Run Ti me Sample 
Weight

Dilution

1 Blank 20.0 1 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

2 System System 
SuitabilitySuitability

20.0 1 Inject Samples SST  Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

3 Std1 20.0 5 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

4 Std2 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Report LC Calibration Report

Report Standard Comparison

Clear 
Calibration

LC Demo Method Set

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

2 Unk.1 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

3 Unk.2 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

4 Unk.3 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

5 Unk.4 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

6 Unk.5 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

7 Unk.6 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

Calibrate LC Demo Method Set
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Test of Accuracy

Response StdAmount  Std

Response UnkAmount  Control

Amount  Control =
Amount  Std

Response Std
Response Unkx

Amount  Control Determined

Amount  Control Prepared
Accuracy: =0.99-1.01

Determination of a Control Standard:Determination of a Control Standard: Quantitative ResultsQuantitative Results

Running the Running the 
UnknownsUnknowns

Quality Control - Quantification

VIAL SAMPLE NAME INJ VOL No of Inj Function Method Run Ti me Sample 
Weight

Dilution

1 Blank 20.0 1 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

2 System System 
SuitabilitySuitability

20.0 1 Inject Samples SST  Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

3 Std1 20.0 5 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

4 Std2 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Report LC Calibration Report

Report Standard Comparison

Clear 
Calibration

LC Demo Method Set

2 Unk.1 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

3 Unk.2 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

4 Unk.3 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

5 Unk.4 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

6 Unk.5 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

7 Unk.6 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

Calibrate LC Demo Method Set
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Calibration 
Standards at 

the beginning 
only

Standards at the 
Calibration 

beginning and 
end

Calibration 
Standards 
Bracketing

Calibration 
Standards 
Bracketting

Calibration 
Standards 
Bracketting

Calibration 
Standards 
Bracketting

Calibration Procedures

Quantitative work in HPLC

• Standards Considerations

• Integration events: Explained and demonstrated
• Running sets of samples

– Blanks – Carry over and system peaks

– System Suitability

– Calibration and Quantitation
•• Parameters effecting quantitation and validationParameters effecting quantitation and validation

• Requirements from chromatographic data systems

Parameters To Monitor Parameters To Monitor -- ValidationValidation

Precision (Ruggedness)

Accuracy

Limit of detection

Limit of quantitation

Linearity (range)

Selectivity 

Robustness

Example Method Validation Protocol

Parameter 4
Min & Max

Parameter 2
Min & Max

Parameter 3
Min & Max

Robustness

Parameter 1
Min & Max

LOD

Six Blanks
Baseline Noise

Linearity
Day 1-3

Precision
Day 1-3

Level 2: 80%
Bulk& Formul.

Level 3: 100%
Bulk & Formul.

Level 4: 120%
Bulk  & Formul.

Six Reps., 100% 
Bulk Drug

Level 5: 140%
Bulk & Formul.

Level 1: 60%
Bulk  & Formul.

LOQ: 
Precision

Level 3
Bulk  Drug

Level 4
Bulk  Drug

Level 5
Bulk  Drug

LOQ Level 
Bulk  Drug

LOQ

Level  2
Bulk  Drug

Level 1
Bulk  Drug
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Parameters To Monitor Parameters To Monitor -- ValidationValidation

Precision (Ruggedness)

Accuracy

Limit of detection

Limit of quantitation

Linearity (range)

Selectivity 

Robustness

CHARACTERISTICS OF AN ANALYTICAL METHODSCHARACTERISTICS OF AN ANALYTICAL METHODS

Precision: The reproducibility of results. The degree to which an 
experimental result varies from one determination to the 

next. 

Precision is related to random error and Accuracy is related to systematic 
error.

Low accuracy, low precision Low accuracy, high precision

High accuracy, low precision High accuracy, high precision

Illustrating the difference between “accuracy” and “pr ecision”

Example Precision DataExample Precision Data

Injection Response

1 125955

2 125651

3 126052

4 124855

5 126102

6 125899

Average 125752

Standard Deviation 466.93

Relative Standard Deviation 0.37%

Precision Precision -- Acceptance CriteriaAcceptance Criteria

• Less than 2% relative standard deviation is often recommended.
• Less than 5% RSD can be acceptable for minor components.

• Up to 10% RSD may be acceptable near the limit of 
quantitation.
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Overlaid Chromatograms

Good Precision

SampleName 2690_Eau40_60CH3OH_2mm_D Vial 4 Injection 1 
SampleName 2690_Eau40_60CH3OH_2mm_D Vial 4 Injection 2 
SampleName 2690_Eau40_60CH3OH_2mm_D Vial 4 Injection 3 
SampleName 2690_Eau40_60CH3OH_2mm_D Vial 4 Injection 4 
SampleName 2690_Eau40_60CH3OH_2mm_D Vial 4 Injection 5 
SampleName 2690_Eau40_60CH3OH_2mm_D Vial 4 Injection 6 

AU

0.00

0.01

0.02

0.03

0.04

0.05

Minutes

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

Peak1

Peak2
Peak3

Method TransferMethod Transfer-- 3 3 different HPLC Systemsdifferent HPLC Systems

0.000

0.010

0.020

0.030

0.040

0.050

AU

1.0 2.0 3.0 4.0 5.0 6.0 7.0
Minutes

Factors Affecting Precision Factors Affecting Precision 
Area and Retention TimeArea and Retention Time

• Integration parameters

• Injector performance
• Pump performance

Injector Linearity

0
10

20
30

40
50

0

500

1,000

1,500

2,000

Injection Volume mmmmL

R
es

po
ns

e

R2 = 0.9999

Different 
volumes of 
the same 
standard

Methods 
transfer
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Injector Precision Injector Precision 

N=6

Peak 1
Peak 2
Peak 3

5 10 20 50
0

0.1

0.2

0.3

0.4

0.5

Injection Volume

%
 R

S
D

Peak Area

Accuracy: DefinitionAccuracy: Definition

• The closeness of test results obtained by the method to the true 
value.

– Established across the concentrations range

Example Accuracy DataExample Accuracy Data

Target Concentration Spiked Concentration 
(mg/mL)

Measured 
Concentration 

(mg/mL) Avg N=3

% Recovery

50% 0.50 0.49 98.0

75% 0.75 0.74 98.7

100% 1.00 1.03 103

125% 1.25 1.24 99.2

150% 1.50 1.48 98.7

Average Recovery:  99.52%
Standard Deviation: 1.99
Relative Standard Deviation: 2.00

Documenting Accuracy Documenting Accuracy 
with Control Charts with Control Charts 

Run Number

Custom Report Control Chart for: ACE, Channel: 996  

321879.8

331879.8

341879.8

351879.8

361879.8

371879.8

381879.8

391879.8

401879.8

411879.8

A
re

a

1 2 3 4 5 6 7 8 9 10 11 12

Target

UCL

LCL
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Parameters To Monitor Parameters To Monitor -- ValidationValidation

Precision (Ruggedness)

Accuracy

Limit of detection

Limit of quantitation

Linearity (range)

Selectivity 

Robustness

�� ������ 	��
�� �� ����


�� ������ 	����� �� ����


Limit of Detection:

Limit of Quantitation:

�� ����


�� ������

51.8 52.0 52.2 52.4 52.6 52.8
Minutes

0.000

0.005

0.010

AU

LOQ - RSD < 5-10%

(See Detection Qualification) Detection Limit (DL/LOD): DeterminationDetection Limit (DL/LOD): Determination

• Visual (Non-Instrumental Methods)
• Signal To Noise Ratio (3 or 2:1 Generally Accepted)

• Detection limit may be based on the standard deviation of the 
response and slope:

DL = (3.3)STD/S

STD = standard deviation of the response

S  = slope of the calibration curve

Quantitation Limit (QL/LOQ): Quantitation Limit (QL/LOQ): 
Determination Determination 

• Visual (Non-Instrumental Methods)
• Signal To Noise Ratio (10:1 is Typical)

• Quantitation limit may be based on the standard deviation of 
the response and slope:

QL = (10)STD/S
STD = standard deviation of the response
S    = slope of the calibration curve 

Both DL and QL are  validated by analyzing a suitable number 
of samples.  Method should be documented 

Example LOQ/LOD Data and CalculationsExample LOQ/LOD Data and Calculations

Level 1 Response Level 2 Response Level 3 Response Level 4 Response Level 5 Response

1 2085 4105 6288 8333 10499

2 2106 4235 6103 8287 10305

3 1955 4188 6337 8399 10386

4 2199 4063 6129 8156 10355

5 2077 4005 6254 8247 10462

6 2155 4284 6301 8178 10219

Mean 2096 4147 6235 8267 10371

STDev. 83.13 106.9 96.53 92.54 102.57
Average Standard Deviation: 96.33
Slope of Calibration Curve: 9378
Limit of Detection 0.034 mg/mL
Limit of Quantitation: 0.103 mg/mL
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Parameters To Monitor Parameters To Monitor -- ValidationValidation

Precision (Ruggedness)

Accuracy

Limit of detection

Limit of quantitation

Linearity (range)

Selectivity 

Robustness

0

0.5

1

1.5

2

2.5

3

3.5

0 10 20 30 40 50 60 70 80

% Absorber in Eluent

A
b

so
rb

an
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 (
A

U
)

Linearity and Range: Definition Linearity and Range: Definition 

•• LinearityLinearity
– The Ability of the Method to Elicit Test Results That Are 

Directly Proportional to Concentration Within a Given 
Range

– Expressed as the Variance of the Slope of the Regression 
Line

•• RangeRange
– Interval between upper and lower levels of analyte 

demonstrated by the method

– Precision and Accuracy Expressed in the same units as the 
test results 

Linearity (Calibration) PlotLinearity (Calibration) Plot

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11

Amount

0

1,000,000

2,000,000

3,000,000

4,000,000

5,000,000

R
es

po
ns

e

R-square = 1   # pts = 5   
y = -8.95e+005 + 5.4e+007x

Linearity (Calibration) Plot for TMT, Day  2

Include correlation coefficient, y-intercept, slope, plot itself
Minimum of five concentrations, +/- 20% over specified range

Example for HPLC Method PrecisionExample for HPLC Method Precision

Day %RSD-Time
HCT

%RSD-Time
TMT

%RSD-Area
HCT

%RSD-Area
TMT

1 0.00 0.00 0.05 0.06
2 0.05 0.00 0.16 0.07
3 0.00 0.00 0.18 0.05

Intermediate Precision:  
N = 18 (6 inj./day, 3 days) at 100%

Compound %RSD-Time %RSD-Area

HCT 0.21 3.24

TMT 0.56 3.97

Repeatability:  N = 6 at 100%
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Parameters To Monitor Parameters To Monitor -- ValidationValidation

Peak Purity Analysis

Minutes

2.20 2.40 2.60 2.80 3.00

200.00

250.00

300.00

nm

0.00

0.20

0.40

A
U

Maximum
Impurity

Spectra at apex and 
inflection points are 
displayed

Spectrum at maximum 
impurity is different

Photodiode Array Technology

Spectral Analyses

Library Matching
Compound identification
Coelution detection

Peak Purity Analysis
Peak purity/peak homogeneity

Coelution detection

Precision (Ruggedness)

Accuracy

Limit of detection

Limit of quantitation

Linearity (range)

Selectivity 

Robustness

Specificity: Definition Specificity: Definition 

•• Specificity (Selectivity)Specificity (Selectivity)
– The ability to measure accurately and specifically the analyte in 

the presence of components that may be expected to be present 
in the matrix

– The degree of interference 
• Active Ingredients

• Excipients

• Impurities
• Degradation Products

• Placebo Ingredients

Specificity: Determination Specificity: Determination 

•• Qualitative Identification TestsQualitative Identification Tests
– Demonstrate ability to select between compounds of closely 

related structure
•• AssayAssay

– Demonstrate that the results are unaffected by spiked impurities 
or excipients 

•• ImpuritiesImpurities

– Spike the drug product/substance with impurities and 
demonstrate appropriate accuracy and precision

PDA and MS TogetherPDA and MS Together

+

PDA and MS together can 
provide complimentary useful 

information.

Hopefully can operate from the 
Same Software Platform.
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Stability Indicating Method Stability Indicating Method 
Forced Degradation Studies Mass SpectrometerUV/VIS

Parameters To Monitor Parameters To Monitor -- ValidationValidation

Precision (Ruggedness)

Accuracy

Limit of detection

Limit of quantitation

Linearity (range)

Selectivity 

Robustness

10
20

30
40

50
60

70
80

90
100

mM NaH2PO4 pH 5.5

0

1

2

3

4

K
'

5N-2,4,6T

4A-6C-1,3B

HCT

TMT

K' vs Buffer Concentration

Robustness: Definition Robustness: Definition 

• Robustness
– Measure of The Capacity to Remain Unaffected by Small 

(Deliberate) Variations in Method Parameters
– Indication of Reliability During Normal Use

Robustness: Determination Robustness: Determination 

• Consider during development of method
• Shows reliability of method with respect to deliberate changes

• If measurements are susceptible to variations in analytical 
procedures, these conditions should be controlled and a 
precautionary statement included.

• Establish System Suitability parameters to ensure the validity of the 
method
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Robustness of the chromatographic Robustness of the chromatographic 
method method 

Parameters Varied :

Solvent strength in the mobile phase,
Temperature, 
Flow rate, 
pH of the mobile phase, 
Ionic strength in the mobile phase, 
Sample diluent, 
Injection volume, 
Wavelength of detection. 

The parameter measured:
Response (area/amount)
Retention time, 
Selectivity and/or resolution.  

NonNon--Robust MethodRobust Method
pH=4.9 pH=4.5

pH=4.7

Minor Changes in Minor Changes in 
pH Effect RspH Effect Rs

Method Change VersusMethod Change Versus
Adjustment ProposalsAdjustment Proposals

•Aqueous Buffer pH

•Analytes without ionizable groups:  +/- 1 unit

•Analytes with basic or acidic groups and the buffer  pH = 
pKa +/- 2 units:  +/- 0.2 unit

•Analytes with basic or acidic groups and the buffer  pH < 
or > pKa +/- 2 units:  +/- 1 unit

•���Column Dimensions

•Length: +/- 70%

•Inner Diameter:  +/- 25%, maintaining a constant lin ear 
velocity

•Flow Rate:  up to 50%
Reference standards must be used to show that the 
chromatography is improved by pH adjustment.

Quantitative work in HPLC

• Standards Considerations

• Integration events: Explained and demonstrated
• Running sets of samples

– Blanks – Carry over and system peaks

– System Suitability

– Calibration and Quantitation
• Parameters effecting quantitation and validation

•• Requirements from chromatographic data systemsRequirements from chromatographic data systems
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Requirements from Chromatographic Data Requirements from Chromatographic Data 
System (CDS)System (CDS)

1. Login.
2. Instrument Method.
3. Sequence/Run Samples.
4. Process Data.
5. Review/Preview.
6. Result/Sign-Off.

1.

2.
3.

4.

6.
5.

Basic Sequence in HPLCBasic Sequence in HPLC

Create a Sequence or a Sample Set/ListCreate a Sequence or a Sample Set/List Create MethodsCreate Methods

• Method Set
– Instrumental parameters

– Processing parameters

– Reporting
– Exporting
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Instrumental Parameters Instrumental Parameters ––Collect Collect 
Chromatographic DataChromatographic Data

• Method Set
– Instrumental parameters

– Processing parameters

– Reporting
– Exporting

Process the Data to Process the Data to 
Create ResultsCreate Results

Processing MethodProcessing Method

• Method Set
– Instrumental parameters

– Processing parameters

– Reporting
– Exporting

Processing MethodProcessing Method

• Method Set
– Instrumental parameters

– Processing parameters

– Reporting
– Exporting
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Process the Data to Process the Data to 
Create ResultsCreate Results

Batch ProcessBatch Process

• Sample Set + Processing Method = Results Set

Print Out ResultsPrint Out Results Report MethodReport Method

• Method Set
– Instrumental parameters

– Processing parameters

– Reporting
– Exporting
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Basic ReportBasic Report Untitled 

Project Name:    Dissolution_DefaultReported by User:    System

S A M P L E      I N F O R M A T I O N

Acquired By: System Sample Name: Prednisone_Tab 
Date Acquired: 27/10/1999 14:38:40 Sample Type: Unknown 
Acq. Method Set: Prednisone Mth Set Vial: 16 
Date Processed: 27/03/2001 14:17:26 Injection #: 1 
Processing Method: Prednisone Proc Mth Injection Volume: 20.00 ul

Channel Name: 2487Channel 1 Run Time: 4.0 Minutes
Proc. Chnl. Descr.: Single @ 242 nm Sample Set Name: PrednisoneNoRecircNoRepl 

Auto-Scaled Chromatogram
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Name RT Area Height Amount Units

Prednisone

0.573

1.791

22575

1188824

822

186546 0.024 mg/ml

Peak Results

Summary ReportSummary Report
Sample Set: PrednisoneNoRecircNoRepl

General Information
Sample Set Name PrednisoneNoRecircNoRepl
Sample Set Method PrednisoneNoRecircNoRepl
Sample Set Start Date 27/10/1999 12:36:43
Sample Set Finish Date 27/10/1999 15:37:29
Sample Set Id 2090
Sample Set Altered No

1

2

3

4

SampleName Sample Type Vial Inj #
Run Time
(Minutes)

Injection
Volume

(ul)

Acquistion
Method Set

Sample
Weight

Dilution Label

Prednisone_Tab

Prednisone_Tab

Prednisone_Tab

Prednisone_Tab

Unknown

Unknown

Unknown

Unknown

11

12

14

16

1

1

1

1

4.00

4.00

4.00

4.00

20.00

20.00

20.00

20.00

Prednisone Mth Set

Prednisone Mth Set

Prednisone Mth Set

Prednisone Mth Set

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

AU0203

AU0204

AU0206

AU0208

Calibration Plot

Name: Prednisone;   Processing Method: Prednisone Proc Mth;   Fit Type: Linear (1st 
Order);   Cal Curve Id: 2973;   A: 0.000000e+000;   B: 4.867524e+007;   C: 

0.000000e+000;   D: 0.000000e+000;   R^2: 1.000000

A
re

a

0.0

5.0x10 5

1.0x10 6

Amount
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.020

Quantitative ResultsQuantitative Results
Reports to Connect Reports to Connect 

Data to DecisionsData to Decisions
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The Automated ProcessThe Automated Process
Chromatography to CalculationsChromatography to Calculations

The Automated ProcessThe Automated Process
Chromatography to CalculationsChromatography to Calculations


