EffiChem — Confidence in Quality
Lesni 593, CZ-679 71 Lysice, Czech Republic

o EffiChem T: +420 516 473 304, M: +420 606 714 974

F: +420 516 472 108

www.effichem.com, info@effichem.com

A case validation study:
GC headspace determination of residual
solvents in a drug substance

Document authorization:

Name & Title/Function Action Signature Date

Document distribution list:

Date Version Distribution Subject

A case validation study — GC headspace determination of residual solvents in a drug substance



EffiChem — Confidence in Quality
Lesni 593, CZ-679 71 Lysice, Czech Republic

o EffiChem T: +420 516 473 304, M: +420 606 714 974

F: +420 516 472 108

www.effichem.com, info@effichem.com

Table of Contents

DOCUMENT QULNOTIZATION: .ottt e e ettt e e e e e et e bbb e e s esseesbsaaseeseessnes 1
(DT Yol U] a¥=T 0l llo L1y 1 g o1 U] oY o T 1) TR 1
IO 1 1o Yo [Vt 4 oY TN 3
2. PUrpose Validation ......c..ceeeeiiieeiiieniiieeniiieeeieneiereeseerenncernsneseasessessessnssessnsesssnsessansessnsesnes 3
3. Validation reqUIr@mMENtS ......ccceeiieeeiieenciienereeeiereescerenneeresereasesressessnssessnsessensessansessnsssnes 3
4, Validation reSUILS ...c.cvuieiiiiieiiiiiiiireicrc et reeeectet s reeeeestastasssessestensnssessasssasrassnsssnssansns 4
N Y oY1l 1 ol Y APPSR 4
A R o 1T 1 1 A TP UPPT SRR 5
N B W[ o 1= T- T g YA o) ll = [T ) -] [T USRI 6
A3 ACCUIACY i 7
O U T 01T 1 = o] |1 A RS 9
D RN e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaens 11
4.6. Limit of Detection and Limit of QUantitation ........ccccccoviiiiiii 12
A, 7. RODUSTNESS ..o 14
4.8. System SUItability TSt ..o e e e e e e a e e e e e eeananes 16
LT 000 ol [V Fo Y - TR 20
DocUMENT ChANEE NiSTOIY: ...iiiiiiiie e e e e e e e et e e e e rabe e e e e s beeeeenaneeas 21

A case validation study — GC headspace determination of residual solvents in a drug substance



EffiChem — Confidence in Quality
Lesni 593, CZ-679 71 Lysice, Czech Republic

o EffiChem T: +420 516 473 304, M: +420 606 714 974

F: +420 516 472 108

www.effichem.com, info@effichem.com

1. Introduction

This validation report presents case study results for an Assay determination of residual solvents
Ethanol and Heptane in a drug substance XXX.

2. Purpose of validation

The objective of this validation is to demonstrate that the given GC headspace method is suitable for
the intended purpose, i.e. for the Assay determination of residual Methanol and residual Heptane in
a drug substance of interest.

The validation was executed according to ICH Q2(R1) requirements. The limits for residual Methanol
and residual Heptane were taken from ICH Q3C(R5), Class 3 solvents, limit 5000 ppm, i.e. 0.5%.

3. Validation requirements

The validation protocol defined the following requirements and acceptance criteria:

Validation parameter Requirements and acceptance criteria for Ethanol and Heptane

4.1. Specificity Sufficient separation of Ethanol and Heptane from each other;
no interference with the peaks from the Blank.
Peak resolution > 1.5

4.2. Linearity R>0.99
QC coefficient > 5.0%
4.3. Accuracy 80% < Recovery < 120%
4.4. Repeatability Repeatability < 15%
4.5. Range Range determined based on Linearity, Accuracy and Precision
4.6. Limit of Detection and To be determined based on the calibration line
Limit of Quantitation (Linearity data)
4.7. Robustness Influence of oven temperature, column pressure, incubation

temperature and incubation time are to be evaluated

4.8. System Suitability Test Plate number, Tailing and Peak area repeatability to be determined

A case validation study — GC headspace determination of residual solvents in a drug substance




EffiChem — Confidence in Quality
Lesni 593, CZ-679 71 Lysice, Czech Republic

o EffiChem T: +420 516 473 304, M: +420 606 714 974

F: +420 516 472 108

www.effichem.com, info@effichem.com

4. Validation results

4.1. Specificity

4.1.1. Specificity of Ethanol
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Resolution between Ethanol and impurity from DMSO (blank) is 14.2.

4.1.2. Specificity of Heptane
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Resolution between heptanes and its nearest impurity is 5.4.
Conclusion: Peak resolution for Ethanol and Heptane is > 1.5. There is no interference with the peaks

from the blank. The method is considered sufficiently specific for the Ethanol and Heptane

determination.
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4.2. Linearity

4.2.1. Linearity of Ethanol

EffiChem

your validatinn softwsre

ANALYTICAL METHOD: GCS5436 - Example AP - Residual solvents - GC-HS -
VALIDATION:

Full Validation

Customer LOGO

PARAMETER: Linearity: Correlation and QC Coefficient
VALIDATED PROPERTY: Ethanol
Units: %
DATA:
Level Description “ValPr  Measrt1 Measrt2 Measrt3 Measrt4 WeasrtS Meast6 Measrt7  Meast&  MeasrtS Measrt 10
1 1 0.0572 4232
2 2 0.1053 81.74
3 3 0.2104 160.06
4 4 02675 203.16
5 5 0.3944 3025
[+ [ 0.5303 402.42
7 7 05237 475.41
g ] 08117 621.05
RESULT:
Calculated R Reference R Calculated QC Reference QC  Hypothesis
0.99597 0.95000 0.51 5.00 Accepted

Conclusion: Linearity of the Method was confirmed based on Correlation and QC Coefficient.

Linearity: Comelation and QC Coeefiicient

GLC 5436 - Example AP| - Residual solvents - GCHS - 11272012 -1

E thanol

M easrt

Validated P roperty

Conclusion: All linearity acceptance criteria for Ethanol were met.
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4.2.2. Linearity of Heptane

EfHChElll ANALYTICAL METHOD: GC5436 - Example AP - Residual solvents - GC-HS - Customer LOGO
yrme wal idatiom softvs e VALIDATION:  Full'Validation
PARAMETER: Linearity: Correlation and QC Coefficient
VALIDATED PROPERTY: Heptane
Units: % pAts
DATA:
Level Description ValPr Measrt1 Measrt2 Measrtd Measrt4 MeasrtS Measrté Measrt7  Measrt&  Measrt® Measrt 10
1 1 0.0583 1942.09
2 2z 0.098 3337.42
3 3 0.1957 6820.68
4 4 02728 937452
5 &) 0.3668 12486.91
] L] 0.5406 18138.39
7 7 0.5872 20654.93
] & 0.8068 273475
RESULT:
Calculated R Reference R Calculated QC Reference QC _ Hvpothesis
0.99931 0.99000 1.41 5.00  Accepted

Conclusion: Linearity of the Method was confirmed based on Correlation and QC Coefficient.

Linearity: Comelation and QC Coeficient
GLC 5435 - Example AP| - Residual sohents - GC-HS - 1/27/2012 -1
Heptane

0.45

0.4
Validated Property

Conclusion: All linearity acceptance criteria for Heptane were met.

Conclusion: The given method has been proven to be sufficiently linear for the Ethanol and Heptane
determination.
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4.3. Accuracy

4.3.1. Accuracy of Ethanol

ANALYTICAL METHOD: GC5435 - Exampls APl - Residual solvents - GC-HS -
o Customer LOGO
yrr walidatinn softwsre VALIDATION: Ful Validation
PARAMETER: Accuracy: Limited Concentration Range - Sample Reconstitution Possible
VALIDATED PROPERTY: Ethanal
Units: %
DATA:
Level Description Reference Meast1 Meast2 Meast3 Meast4 MeastS Meast8 Meast7 Meast& MeasrtS Measrt 10
1 Level 10% ICH 0.05 0.0514 0.0508 0.0483 0.043 0.0431 0.0503
2 Level 50% ICH 0.25 0.2528 0.2553 0.2451 0.2451 0.2435 0.2561
3 _evel100% ICH 0.5 0.4871 0.5087 0.4837 0.5033 0.4787 0.4544
4 _evel 150% ICH 0.75 0.7829 0.7837 0.7353 0.7284 0.7387 0.7338
RESULT:
Level Description Reference Measured Recovery Precision n t t-crit Hypothesis
1 Level 10% ICH 0.05 0.04865 99.30 0.00152 & 0.56395 25M Accepted
2 Level 50% ICH 0.25 0.24583 99.93 0.00553 [ 0.07376 25T Accepted
3 Level 100% ICH 05 0.49243 93.50 0.01083 & 1.69163 25M Accepted
4 Level 150% ICH 0.75 0.74718 99.62 0.02139 [ 0.32257 25T Accepted

Conclusion: the Analytical Method provides statistically accurate results.

Accuracy: Limited Concentration Range - Sample Reconstitution Possible
GC5436 -Example AP| - Residual solwents - GC-HS - 1/27/2012 -1
E thanol

Conclusion: Accuracy of the Ethanol determination was confirmed using a t-test. The obtained
Recovery met the acceptance criterion 80% < Recovery < 120%.
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4.3.2. Accuracy of Heptane

WAL g AMNALYTICAL METHOD: GCS5435 - Example AP - Residual solvents - GC-HS -
EffiChem e Customer LOGO
A il VALIDATION: - Full Maldation
PARAMETER: Accuracy: Limited Concentratien Range - Sample Reconstitution Possible
VALIDATED PROPERTY: Heptane
Units: %
DATA:
Level Description Reference Measrt1 Measrt2 Measrtd Measrt4 MeasrtS Measrt6 Measrt7  Meast8 Measnt® Measrt 10
1 Level10% ICH 0.05 0.0488 0.043 0.0474 0.0488 0.0508 0.0482
2 Level 50% ICH 0.25 0.2488 0.243 0.2508 0.2478 0.2345 0.24
3 _evel100% ICH 0.5 0.472 0.4908 0.455 0.473 0.5102 0.5009
4  _evel150% ICH 075 0.744 0.7283 0.7586 0.73458 0.7208 074
RESULT:
Level Description Reference Measured Recovery Precizion n t t-crit Hypothesis
1 Level 10% ICH 0.05 0.04385 §7.70 0.00128 i1 223328 2.571 Accepted
2 Level 50% ICH 0.25 0.24413 97 65 0.00617 L] 2.32501 2.571 Accepted
3 Level 100% ICH 0.5 0.43515 97.23 0.0175 L] 1.9384 2.571 Accepted
4 Level 150% ICH 0.75 0.73728 98.30 0.01235 L] 2.52352 2.571 Accepted
Conclusion: the Analytical Method provides statistically accurate results.
Accuracy: Limited Concentration Range - Sample Recenstitution Possible
GC5435 -Example AP| - Residual sohents - GC-HS - 1/27/2012 -1
Heptane
u' ?E-_ ' ' v ' ' ' ' v e

s R e SRR E PR EEETET

i

Measuned

Conclusion: Accuracy of the Heptane determination was confirmed using a t-test. The obtained
Recovery met the acceptance criterion 80% < Recovery < 120%.

Conclusion: The method is sufficiently accurate for the Ethanol and Heptane determination.
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4.4. Repeatability

4.4.1. Repeatability of Ethanol

EfﬁCl‘l{‘H} ANALYTICAL I."IETHDD-: -GCE-436 - Example API - Residual solvents - GC-HS - Customner LOGO
yre walidlatirm software VALIDATION: FullValidation
PARAMETER: Repeatability; Level by Level From Multiple Measurements
VALIDATED PROPERTY: Ethanol
Units: %
DATA:
Level Description WMeasrt1 Meast2 Meast3d Measrtd4 Measnt5 Measrt6 Measrt7  Weasrtd@ MeasrtS Weasrt 10
1 Level 10% ICH 0.0514 0.0508 0.0483 0.048 0.0431 0.0508
2 Level 30% ICH 0.2528 0.2553 0.2451 0.2481 0.2438 0.2561
3 Lewel 100% ICH 0.4871 0.5067 0.4837 0.5033 0.4797 0.4544
4 Lewel 150% ICH 0.7829 0.7637 0.7358 07284 0.7387 0.7336
RESULT:
Level Description Average Repeatability Rel. Repeatability n
1 Lewel 10% ICH 0.04955 0.00152 3.06183 [
2 Level 50% ICH 0.24583 0.00553 2.21528 [
3 Level 100% ICH 0.45248 0.01088 221008 [
4 Level 150% ICH 0.74718 0.02135% 2.868256 L]

Conclusion: Repeatability of the Analytical Method is 0.01234 units, i.e. 2.62 %.

Repeatability: Lewel by Level From Multiple M easurements
GCS5436 -Example AP| - Residual sehents - GCHS - 1/27/2012 -1
Ethanol

Devigtion from Average

Conclusion: Repeatability of the Ethanol determination is 2.6%. This result meets the acceptance
criterion for Repeatability < 15%.
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4.4.2. Repeatability of Heptane

EEHC‘:]JQIII ANALYTICAL I."IETHODI: .GCE-436 - Example APl - Residual solvents - GC-HS - Customer LOGO
yraie walidatinn softwere WVALIDATION: FullValidation
PARAMETER: Repeatability: Level by Level From Multiple Measurements
VALIDATED PROPERTY: Heptane
Units: %
DATA:
Level Description Measrt1 MeasrtZ Measrt3 Measrt4 Measrt5 Measrt6 Measrt 7 Measrt& Measrt9 Measrt 10
1 Level 10% ICH 0.0498 0.048 0.0474 0.0489 0.0508 0.0482
Z Level 50% ICH 0.2485 0.243 0.2508 0.2475 0.2345 0.24
3 Lewvel 100% ICH 0.472 0.4508 0.455 0.478 0.5102 0.5009
4 Level 150% ICH 0.744 0.7283 0756 0.73456 0.7208 0.74
RESULT:
Level Description Average Repeatability Rel. Repeatability n
1 Lewvel 10% ICH 0.04385 0.00126 2.58208 6
2 Level 50% ICH 0.24413 0.00817 2.52737 6
3 Level 100% ICH 0.43515 0.0175 3.60007 6
4 Level 150% ICH 0.73728 0.01235 1.6751 6

Conclusion: Repeatability of the Analytical Method is 0.01116 units, i.e. 2.68 %.

Repeatability: Lewel by Level From M ultiple M easurements
GC5436 - Example 4P| - Residual solwents - GCHS - 102712012 -1
Heptane

Devigion from A

Lewel

Conclusion: Repeatability of the Heptane determination is 2.7%. This result meets the acceptance
criterion for Repeatability < 15%.

Conclusion: The method is sufficiently precise for the Ethanol and Heptane determination.

A case validation study — GC headspace determination of residual solvents in a drug substance
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4.5. Range

4.5.1. Ethanol Range

Based on the Linearity, Accuracy and Precision results it can be concluded the method can be safely
used for the Ethanol determination from 0.05% to 0.75%. The target value of 0.5% is well within this
range.

4.5.2. Heptane Range

Based on the Linearity, Accuracy and Precision results it can be concluded the method can be safely
used for the Heptane determination from 0.05% to 0.75%. The target value of 0.5% is well within this
range.
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4.6. Limit of Detection and Limit of Quantitation

4.6.1. Limit of Detection and Limit of Quantitation Ethanol

NS AMNALYTICAL METHOD: GFCE438 - Example AP| - Residual solvents - GC-HS -
EttiChem

VALIDATION:  Full Validaticn Customer LOGO

your velidition softwar:

PARAMETER: Limits: Froem Calibration Line

VALIDATED PROPERTY: Ethancl
Units: 1
DATA:
Level Description Wal Pr Messt 1 Meast 2 Messt 2 Messt 4 Messt5  Meast & Meast 7 Messt & Messt 3 Messrt 10
1 1 0.0572 42.32
2 2 0.1053 81.74
3 3 0.2104 160.08
4 4 0.2678 202.18
5 5 0.2944 2025
= [:] 0.5303 402.42
T T 0.e237 47541
8 8 0.8117 §21.05
RESULT:
Measurement on the Limit of Measurement on the Limit of alidated Property on the Limit of ‘alidated Property on the Limit of
Detection Cuantification Detection Quantification

8.52574 18.11209 0.01124 0.02425

Conclusion: Limit of Detection/Quantification is 8.59574 and 18.11209. Val. Property on the Limit of
Detection/Quantification is 0.01194 and 0.02439.

Limits: From Calibration Line
GC5428 - Example AP - Residusl s ohents - GC-HS - 1/27/ 2012 - 1
Ethanol

Measrt

A case validation study — GC headspace determination of residual solvents in a drug substance
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4.6.2. Limit of Detection and Limit of Quantitation Heptane

E_"_"Chp ANALYTICAL METHOD: GC5436 - Example AP| - Residual soclvents - GG-HS -
b sl VALIDATION:  Full Valigation Customer LOGO
your vilidetion suftwar: :
PARAMETER: Limits: From Calibration Line
VALIDATED PROPERTY: Heptanes
Units: 1
DATA:
Level Desoription WVal.Pr Measrt 1 Meast 2 Meast 3 Messrt &4 Meast 5 Measrt & fMesst 7 Meast 8 Meast S Meast 10
1 1 00583 124209
2 2 0.088 333742
3 3 0.1957 6820.68
4 4 02728 937452
5 5 0.3888 12486891
= 8 0.53568 18138.39
T T 0.5881 2085483
] g 02088 272476
RESULT:
Messurement on the Limit of Messurement on the Limit of Validated Property on the Limit of Validated Property on the Limit of
Detection Quantification Detection Quantification
B57.70887 1895 80869 0.02384 0.0483

Conclusion: Limit of Detection/Guantification is 857. 70387 and 1685 80669. Val. Property on the Limit of

Detection/Guantification is 0.02364 and 0.0483.

Limits: From Calibration Line

GCE438 - Example API - Residual sohvents - GC-HS - 1/27/2012 -1

Heptane

28,000 ]
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12,000
10,000
g.000 4
€,000 |
000}

2,000

JENPRPE Y  —

i
'
'

4
1
'
'

4
1
'
'

4
1
'
'

4
1
'
'

4
I
'
'

1
'
'
'

1
'
'
'
'

“alideted Property

Conclusion: Limit of Quantitation for both Ethanol and Heptane is below 0.05% which is suitable for

this determination with the target value of 0.5%.

A case validation study — GC headspace determination of residual solvents in a drug substance
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4.7. Robustness
Influence of 4 factors was tested: Factor 1: oven temperature, Factor 2: column pressure, Factor 3:
incubation temperature and Factor 4: incubation time

4.7.1. Robustness of Ethanol

e -
L | AMALYTICAL METHOD: GCE432E - Example API - Residual sclvents - GC-HS -

LfiChem

WVALIDATION: Full Walidation

Customer LOGO

i validarem <oftivare

PARAMETER: Robustness/Ruggedness: Dong's slgarithm

VALIDATED PROPERTY: Ethancl

Units: % Number of Factors: 4

DATA:

Lewvel Desoription Result Factor1 Factor2 Factor2 Factor4 Dummy 1 Dummy 2 Dummy 2
1 1 0.51 1 1 1 -1 1 -1 -1
2 2 0.51 -1 1 1 1 -1 1 -1
3 3 0.511 -1 -1 1 1 1 -1 1
4 4 0.488 1 -1 -1 1 q 1 R
5 ] 0.478 -1 1 1 1 1 1 1
a8 a8 0.502 1 -1 1 1 -1 1 1
7 7 0.5 1 1 1 1 -1 -1 1
] ] 0.48 -1 -1 -1 -1 -1 -1 -1

RESULT:

Factor Factor Effect  Critical Effect  Hypothesis
1 0.00775 0.01017  Accepted
2 0.00175 0.01017  Accepted
3 0.01825 0.01017 Rejected
4 0.012385 0.01017 Reijected

Conclusien: the Analytical Methed is not robust against all Factors tested.

Robustness/Ruggedness : Dong's algorithm
GC5436 - Example AP! - Residual sohents - GC-HS - 1/272012- 1
Ethanal

0.018
0.016
0.014+

0.012+

T

.01 +

0.005 :

4 0.005
5

i 0004

0.002

-0.002
-0.004
00067 -

-0.008

=001

Factor Number
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4.7.2. Robustness of Heptane

ANALYTICAL METHOD: GC5436 - Example APl - Residual salvents - GG-HS -
Custamer LOGO

UL CRA It | VALIDATION: - Full Vslidation

PARAMETER: Robustness/Ruggedness: Dong's slgorithm

VALIDATED PROPERTY: Heptans

Units: Y Numbsr of Factors: 4
DATA:
Level Description Result Factor 1 Facter2 Factor 3 Factor 4 Dummy 1 Dummy 2 Dummy 3
0.514 1 1 1 -1 1 -1 -1
2 2 0.511 -1 1 1 1 -1 1 -1
3 3 0.612 -1 -1 L L L -1
4 4 0.502 1 -1 -1 1 1 1 -1
] ] 0.488 -1 1 - -
i} i} 0.509 1 -1 1 -1 -1
T 7 0.5 1 1 -1 P 1 _q
] ] 0.487 -1 -1 -1 -1 -1 -1 -1
RESULT:
Factor Factor Effect Critical Effect  Hypothesis
0.00850 0.00G58 Accepted
2 00050 0.00358 Accepted
3 0.01780 0.00558 Rejected
4 0.00700 0.00E58 Aecepted

Conclusion: the Analytical Method is not robust against all Factors tested.

Robustness/Fuggedness: Dongs algoritm
GCE435 - Example AF| - Residusl sdents - GC-HE - 1ITZ01Z- 1
Heptans

0.016

0.014

0.012]
0.01

0.008]
0.008
% 0.004

10.002-]

-0.002 ]

-0.0:04

R

0. 005}

-0.008

.01

U.
R | R

Factor Mumber

Conclusion: Influence of Factor number 3, incubation temperature, on both Ethanol and Heptane,
and Factor number 4, incubation time, on Ethanol are significant. It is therefore necessary to
maintain those factors close to their nominal levels.

A case validation study — GC headspace determination of residual solvents in a drug substance
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4.8. System Suitability Test

4.8.1. Plate Number of Ethanol

EfﬁCheln ANALYTICAL METHOD: GC5435 - Example API - Residual solvents - GC-HS - Customer LOGO
e val idatiom softvsre VALIDATION: HPLC_FDA
PARAMETER: Theoretical Plate Number - FDA
VALIDATED PROPERTY: Ethanol
Units: min. min.
DATA: Ret. Time: Peak
Level Description Width at
1 Injection 1 335 0.138
2 Iniection 2 383 0.195
3 Iniection 3 336 0.197
4 Iniection 4 385 0.196
5 Injection 5 3184 0.197
RESULT:
Level Description Theoretical Plate Number
1 Injection 1 5049
2 Injection 2 8172
3 Injection 3 5143
4 Iniection 4 8173
5 Injection 5 8079
Conclusion: Theoretical Plate Number is 6,123. This meets the Requirement N > 2000.
4.8.2. Plate Number of Heptane
EEEC]I&I‘D ANALYTICAL METHOD:  GC5435 - Example AP| - Residual solvents - GC-HS - Customer LOGO
yrme validation software VALIDATION:  HPLC_FDA
PARAMETER: Theoretical Plate Number - FDA
VALIDATED PROPERTY: Heptane
Units: min. mir.
DATA: Ret. Time Peak
Level Description Width at
1 Iniection 1 13.51 0.154
2 Injection 2 13.54 0.159
3 Injection 3 13.55 0.182
4 Iniection 4 13.55 0.154
5 Injection 5 13.53 0.159
RESULT:
Level Description Theoretical Plate Mumber
1 Injection 1 123137
2 Injection 2 116028
3 Injection 3 11193€
4 Injection 4 123867
5 Injection 5 115857
Conclusion: Theoretical Plate Number is 118,165, This meets the Requirement N > 2000,

Conclusion: Plate number for Ethanol and Heptane meets the acceptance criterion > 2000.
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4.8.3. Tailing Factor of Ethanol

yrme validatinm softvs re

EEﬁChE‘lD ANALYTICAL METHOD: (GC5436 - Example APl - Residual solvents - GC-HS - Customer LOGO
yrme valiclatiom softwsre VALIDATION: HPLC_FDA
PARAMETER: Tailing Factor - FDA
VALIDATED PROPERTY: Ethanol
Units: min. min.
DATA: Peak Difference
Level Description Width at Max.-Start
1 Injection 1 0.383 0.207
2 Injection 2 0.415 0.208
3 Injection 3 0.394 0.204
4 Iniection & 0403 0.205
5 Injection 5 0.399 0.205
RESULT:
Level Description Tailing
1 Injection 1 1.03842
2 Injection 2 1.01582
3 Injection 3 1.04545
4 Iniection & 0.99686
5 Injection 5 0.97205
Conclusion: Tailing is 1.01334, which meets the Requirement for Tailing max. < 2.
4.8.3. Tailing Factor of Heptane
AMNALYTICAL METHOD: (GCS5438 - Example API - Residual sohrents - GC-HS -
Customer LOGOQ

VALIDATION: HPLC_FDA

PARAMETER: Tailing Factor - FDA

VALIDATED PROPERTY: Heptane
Units: min. min.
DATA: Peak Difference
Level Description Width at Max.-Start
1 Iniection 1 0.313 0.151
z Iniection 2 0.318 0.157
3 Iniection 3 0.322 0.154
4 Iniection 4 0.317 0.155
5 Iniection 5 0.313 0.161
RESULT:
Level Description Tailing
1 Iniection 1 1.03842
2 Iniection 2 1.01582
3 Injection 3 1.04545
4 Injection £ 0.99686
5 Injection 5 0.97205

Conclusion: Tailing is 1.01334, which meets the Requirement for Tailing max. < 2.

Conclusion: Tailing factor for Ethanol and Heptanes meets the acceptance criterion < 2.
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4.8.5. Repeatability of injection (Peak Area) of Ethanol

i i ANALYTICAL METHOD: (GCS5435 - Example APl - Residual sehvents - GC-HS -
EHJL:hElﬂ Customer LOGO
yrnre vl idlation softvsre VALIDATION: HPLC_FDA
PARAMETER: FRepeatability of Injection - FDuA
VALIDATED PROPERTY: Ethanal
Units: pA*s
DATA:
Level Description Measrt1 Measrt2 MWeasrt3 Measrt4  MeastS  Measrt&  Measrt7  Measrt@  Meast® Measrt 10
1 S3T - peak Area 351.2 349.7 348.3 351.4 353.2
RESULT:
Lewvel Description Average Repeatability Rel. Repeatabilty n
1 55T - peak Area 350.95 1.55016 0.44169 5
Conclusion: Repeatability of Injection is 1.558016 units, i.e. 0.44 %. This meets the Requirement max. 1 %.
Repeatability ofinjection - FD A
GC5435 -Example AP| - Residual sohents - GCHS - 11272012 -1
Eth
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4.8.6. Repeatability of injection (Peak Area) of Heptane

yrnie valiclatine softvsre

i ! ANALYTICAL METHOD: GC5438 - Example AP| - Residual solvents - GC-HS -
EffiChem
VALIDATION: HPLC_FDA

PARAMETER: Repeatability of Injection - FDA

VALIDATED PROPERTY: Heptane

Customer LOGO

Units: pAts
DATA:
Level Description Measrt1 Meast2 Measrt3 Measrt4 Measrt5 Measrt8 Measrt7 Meast8 Measrt® Measrt 10
1 55T - peak Area 17342.87 1738664 1722676 172877 17209
RESULT:
Level Description Average Repeatability Rel Repeatability n
1 55T - peak Area 17286.5094 60.23064 0.40054 5

Conclusion: Repeatability of Injection is 69.23964 units, i.e. 0.40 %. This meets the Requirement max. 1 %.

Repeatability ofinjection - FDA
GC5438 - Example API - Residual solvents - GC-HS - 1/27/2012 -1

Devigtion from Average

Conclusion: Repeatability of injection for Ethanol and Heptane is < 1.0%.
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5. Conclusions

Evaluation of the validation parameters is summarized in the table below.

Validation parameter

Requirements for Ethanol and Heptane

Specificity Sufficient separation of Ethanol and Heptane from each other;
no interference with the peaks from the Blank.
Peak resolution > 1.5
Linearity R>0.99
QC coefficient > 5.0%
Accuracy t-test criteria met. 80% < Recovery < 120%

Repeatability

Repeatability < 15%

Range

Method Range established from 0.05% to 0.75%

Limit of Detection and
Limit of Quantitation

Limit of Detection and limit of Quantitation were determined. For both
solvents Limit of Quantitation is < 0.05%

Robustness

The tested changes in oven temperature and column pressure have no
effect on Ethanol and Heptane results. On the other hand, the incubation
temperature and time can have a significant effect. They must be well
controlled to prevent biased results.

System suitability testing

The determined plate number, tailing factor and repeatability of
injection met the Pharmacopoeia requirements.

Conclusion: Based on the above presented results the method is considered to be
suitable for the intended purpose and fully validated.
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