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Investigation of Validation Guidelines for Performance Verification
of High Performance Liquid Chromatograph

Won Nam Yun, Beom-Gyu Lee* and Wonjae Lee”

College of Pharmacy, Chosun University, Gwangju 501-709, Korea
*Department of Chemistry, Chosun University, Gwangju 501-709, Korea

Abstract — High performance liquid chromatograph (HPLC) is the most frequently used analytical instrument in analytical
laboratories for pharmaceutical analysis. In order to provide a high level of assurance for reliable data generated from the
HPLC analysis, the performance qualification of the HPLC system is required. For this purpose, the performance of HPLC
system should be regularly monitored by examining the key functions of the typical HPLC system (solvent delivery system,
injector system, column oven, UV-VIS detector system). We have investigated the validation guidelines of the performance
verification of these key modules for HPLC system. And we proposed and evaluated its validation guidelines and the related
verification methods for pharmaceutical analysis that could be practically applied in Korea.
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Table I - Validation items and their tolerance limits by European Directorate for the Quality of Medicines and HealthCare®

Validation items Validation description Tolerance limits
Solvent delivery Flow rate accuracy of volumetric measurement: no column (open end), water (mobile phase), flow
1 . <*5%
system rate; 0.5~3.0 m//min
2 Inmector svstem Reproducibility of injection volume (20 w, 10 injections) using parabene solutions: Lichrospher <1.0%
J h 100 RP8 column, methanol/water=60/40 (V/V), 1 m//min, UV 254 nm (RSD)
3 Column oven Temperature accuracy of column oven at 40°C <+2°C
4 UV-VIS detector Wavelength accuracy: Amax determination using anthracene in water solution, RP18 column, 15% <+971m
system acetonitrile/water (mobile phase), 1 m//min, UV 251 nm, 20 W injection -
Table II - Validation items and their tolerance limits by Maldner”
Validation items Validation description Tolerance limits
1 g}?é\t’:;t delivery Flow rate accuracy of volumetric measurement from the required value <*+5%
. o . <0.5%
2 Injector system  Reproducibility of injection volume (for >10 W) (RSD)
- Wavelength accuracy measurement <*2nm
3 g\s/?enrg detector _ Background noise determined from chromatograms: RP 18 column, methanol (mobile phase),
v 1 ml/min, UV 250 nm <=+0.04 mAU
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Table III — Validation items and their tolerance limits by Parriott?

Validation items Validation description

Tolerance limits

Solvent delivery

Flow rate accuracy of volumetric measurement from the required value: RP

system column, methanol/water=1/1 (V/V) (mobile phase), 1 m//min and 5 m//min

9 Imector svstem Reproducibility of injection volume (10 w, 10 injections) using caffeine in methanol <0.5~1.0%
J Y solution: C18 column, methanol/water=3/7 (V/V), 1 m//min, UV 272 nm (RSD)
. 0,
3 Column oven Temperature accuracy of column heater using Thermocouple (>10°C above room <+9°C
temperature)

4 UV-VIS detector Wavelength accuracy: max and Amin determination using caffeine in methanol <=*5nm

system solution (2 mg/100 m/) (Amax 272 nm, Amin 245 nm)

Table IV — Validation items and their tolerance limits by Hall®

Validation items  Validation description

Tolerance limits

Solvent delivery

Flow rate accuracy of 10 m/ volumetric measurement using 0.005 inch ID tubing: water (mobile

1 system phase), 1 m//min <+1.0%
9 Imector svstem Reproducibility of injection volume (10 w, 6 injections) using anthracene mixture solution: C18 <1.0%
! ¥y column, methanol/water=75/25 (V/V), 1 m//min, UV 260 nm (RSD)

UV-VIS detector - Wavelength accuracy: Amax determination using anthracene solution (251 nm) <=*2nm

system - Baseline noise

Table V - Validation items and their tolerance limits by Herman®

0)

Validation items Validation description

Tolerance limits

Solvent delivery

1 system Flow rate accuracy of volumetric measurement from the required value at several flow rates <*+1%
9 Imector system Reproducibility of injection volume (10~20 ul, 6 injections) using caffeine solution: C18 column, <1.0%
J Yy acetonitrile/water=15/85 (V/V), 2 m//min, UV 272 nm (RSD)
3 Column oven Temperature accuracy of column oven at 40°C and 60°C <+2°C
- Wavelength accuracy: Amax determination using aqueous caffeine solution (Amax: UV 272, <=*2nm
4 Ez-t\enn? detector 205 nm; Amin: UV 244 nm) or KMnO, solution
¥ - Baseline noise determined for 15 min: methanol (mobile phase), 1 m//min, UV 254 nm <+0.01 mAU
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Table VI - Validation items and their tolerance limits for Agilent HPLC'

Validation items Validation description

Tolerance limits

Solvent delivery

Flow rate accuracy of volumetric measurement: water (mobile phase), flow rate 0.5 and 5 mi/

1 <+5.00%
system min

<1.00%

2 Inmector svstem Reproducibility of injection volume (20 w, 6 injections) using standard solution on C18 (area RSD)
) ¥ column; determination of %RSD (peak area/ height) <2.00%

(height RSD)

. . . . 80°C< +3°C

3 Column oven Temperature accuracy (determined 6 times) of column oven at 40°C and 80°C 40°C < +9°C
- Wavelength accuracy: Amax and Amin determination using caffeine in methanol solution, <=*+2nm

UV-VIS detector
system

1 m//min, UV 272 nm

254 nm

- Baseline noise determined from chromatograms: water (mobile phase), 1 mi//min,

(Amax 205, 272 nm,
Amin 245 nm)
<+0.05 mAU

uv

Table VII - Validation items and their tolerance limits for Waters HPLC'®

Validation items Validation description

Tolerance limits

Solvent delivery
system

Flow rate accuracy of 10 m/ volumetric measurement: methanol (mobile phase), 1 m//min

<*+1.5~3%

- Accuracy of injection volume (50 w; 6 injections, 12 w/; 16 injections) using standard

For 50 W (6 injections)

sample on C18 column; determination of %RSD (peak area) <*2.0%
. For 12 w (16 injections)
2 Injector system <+83%
- Reproducibility of injection volume (5 w, 10 injections) using standard sample on C18 <1.0%
column; determination of %RSD (peak area) (RSD)
3 Column oven Temperature accuracy of column oven at rt-60°C <=+2°C
- Wavelength accuracy: Amax determination using erbium perchlorate or pyrene in <+2nm
4 UV-VIS detector methanol solution, 1 m//min, UV 333 nm
system - Baseline noise determined from chromatograms: water (mobile phase), 1 m//min, UV <=+0.05 mAU

254 nm

Table VIII - Validation items and their tolerance limits for Shimadzu HPLC”

Validation items Validation description

Tolerance limits

Solvent delivery

Flow rate accuracy of 5 m/ volumetric measurement using tubing (4 mx0.1 mm

1 system ID): water (mobile phase), 1 m//min <x2~5%
. Accuracy of injection volume (50 w/; 10 injections) using water sample on _

2 Injector system restrictor tubing column (4 mx0.1 mm ID) <xd~5%

3 Column oven Temperature accuracy of column oven at 40°C and 50°C <+2°C

- Wavelength accuracy: Amax determination using Hg lamp (254 nm, 436 nm) or
caffeine in methanol solution (272 nm), 1 m//min, UV 272 nm
- Baseline noise determined from chromatograms: methanol (mobile phase),

UV-VIS detector
system
1 m//min, UV 250 nm

For use of Hg lamp (<=1 nm)
or caffeine solution
(<=*2nm)
<+0.02 mAU
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Table IX - Proposed validation guidelines of HPLC and their tolerance limits

Validation items Validation methods

Tolerance limits

Solvent delivery

Flow rate accuracy of 5 m/ volumetric measurement (more than 3 times): water (mobile phase),

1 system 1 m//min <*5%
9 Imector svstem Reproducibility of injection volume (10 W/, 10 injections) using caffeine in methanol solution: C18 <1.0%
J Y column, methanol/water=3/7 (V/V), 1 m//min, UV 272 nm (RSD)
3 Column oven Temperature accuracy of column oven at 50°C <=+2°C
UVVIS d - Wavelength accuracy: Amax determination using caffeine in methanol solution (272 nm), 1 ml/ <*Znm
4 . etector min, UV 272 nm
system ’ <=+0.05 mAU

- Baseline noise determined from chromatograms: methanol (mobile phase), 1 m//min, UV 250 nm
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Table X - Validation results of A instrument performed by proposed validation guidelines

Validation items Results

Tolerance limits Validation results

Average; 5min 1.1 sec

1 Solvent delivery system Flow rate; 0.996 m//min <*5% Pass
Flow rate accuracy; -0.4%
2 Injector system Injection volume (10 w/) precision; 0.84% (RSD) (<R18%(7)0 Pass
3 Column oven Observed temperature; 49.2°C <+2°C Pass
- Wavelength accuracy of caffeine solution; Amax 273 nm observed 272+2 nm
4 UV-VIS detector system _ Baseline noise; max. -0.026 mAU <+0.05 mAU Pass
Table XI - Validation results of B instrument performed by proposed validation guidelines

Validation items Results

Tolerance limits Validation results

Average; 4 min 59.8 sec

1 Solvent delivery system Flow rate; 1.001 m//min <*5% Pass
Flow rate accuracy; +0.1%

2 Injector system Injection volume (10 w) precision; 0.63% (RSD) (<RlS(I))(7)0 Pass

3 Column oven Observed temperature; 50.9°C <+2°C Pass
- Wavelength accuracy of caffeine solution; Amax 274 nm observed 272+2 nm

4 UV-VIS detector system Baseline noise; max. -0.014 mAU <+0.05 mAU Pass

Table XII - Validation results of C instrument performed by proposed validation guidelines

Validation items Results

Tolerance limits Validation results

Average; 5 min 4.0 sec

1 Solvent delivery system Flow rate; 0.987 m//min <*5% Pass
Flow rate accuracy; -1.3%

2 Injector system Injection volume (10 w/) precision; 0.91% (RSD) (<RIS(]);7; Pass

3 Column oven Observed temperature; 48.4°C <=+2°C Pass
- Wavelength accuracy of caffeine solution; Amax 273 nm observed 272+2 nm

4 UV-VIS detector system Baseline noise; max. -0.023 mAU <+0.05 mAU Pass
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