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Abstract. This evaluation presents the results obtained in the study of the qualification protocol of the High Per-

formance Liquid Chromatography (HPLC) in the Center of Molecular Immunology. As a criterion for the Con-

formity Assessment Calibration of different measurement channels, it is proposed to obtain a Probability of Cali-

bration Conformance greater than or equal to 95% in concordance with existing regulations for the biopharmaceu-

tical industry. This can be achieved by calculating the measurement capability, an index closely related to the eval-

uation of the uncertainty of the measured parameter and tolerance of process involving this measurement, which 

determines the range of acceptable fit for the measurement channel in accordance with the probability of the de-

sired calibration line. 

 

1 Introduction 

The Center of Molecular Immunology (CIM) is a bio-

technological institution dedicated to the research, de-

velopment, production, and marketing of monoclonal 

antibodies, recombinant proteins and vaccines, in ac-

cordance with the requirements of current Good Manu-

facturing Practices (cGMP) and the standards set by 

national and international regulatory agencies. Its main 

objective is to achieve therapeutic products with high 

levels of safety and effectiveness mainly aimed at pa-

tients suffering from non-transmissible chronic diseases. 

 

In the CIM, performance measurements acquire a 

significant level. In addition to being one of the main 

sources of information about technical parameters, 

characteristics, and efficiencies of technological pro-

cesses, the measurements also certify the quality of 

execution of all activity productions, which defines 

whether the product complies with all the established 

parameters and prevents the output of low quality prod-

ucts to the consumer. 

 

Obtaining a reliable measurement result is only pos-

sible if you take into consideration the elements that 

constitute the technical basis for establishing confidence 

in the measurement. One of these elements is the as-

sessment of uncertainty, a property closely related to the 

concepts of traceability, accuracy, error, and tolerance. 

 

Uncertainty in measurements may lead to ac-

ceptance of certain amount of products out of tolerance 

or rejection of others within the range of tolerance; this 

can result in mistaken acceptance or rejection of prod-

ucts.  

 

This is also true for calibration; for instance, if 

the conformity assessment of the measurement device 

calibration is supported by a measurement with limited 

conformity, the error acquires two nuances: the ac-

ceptance of an inadequate instrument or the dismissal of 

a satisfactory measuring instrument. 

 

New concepts have been introduced, such as Meas-

urement Capability and Conformance Probability [1] 

which are effective tools on determining the conformity 

of the performed calibration. 

 

Within the critical equipment involved in process 

control and quality control in the CIM are the High 
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Web of Conferences 

 

Resolution Liquid Chromatographs, which are common-

ly called HPLC. In accordance with the compliance of 

cGMP and cGLP (current Good Laboratory Practice) 

such equipment regularly undergoes qualification pro-

cesses, where the calibration of all measuring channels 

is required for the evaluation and qualification of the 

operation and subsequently their performance. 

 

The main objective of this report is to examine in 

depth the operational qualification protocol developed 

by the manufacturer of HPLC to evaluate the metrologi-

cal characteristics of this equipment and determine the 

adequacy of the measurement systems used to calibrate 

them. Uncertainty sources are characterized for each 

measurement channel and their results are evaluated. 

 

The measurement capability was calculated from the 

uncertainty values obtained and the acceptance interval 

was defined to achieve a Probability of Calibration 

Conformity greater than or equal to 95%. In necessary 

cases, recommendations will be made to improve opera-

tional protocol qualification or corresponding changes 

will be proposed for the measurement channels of the 

equipment. The study examined three different models 

of HPLC: Model I, Model II, Model III. 

 

2 METHOD AND ANALYSIS 

 

CIM has HPLC equipments of different manufactures in 

their quality control departments and process control 

laboratories, which are used in process control and to 

perform quantitative analysis of the evaluated samples 

of finished products. Figure 1 shows a simplified dia-

gram of a HPCL. 

Figure 1. Diagram of the main components of a High- Perfor-

mance Liquid Chromatograph. 

 

 
 

Table 1 shows the characteristics that the manufacturer 

gives for each model. Only shows  those used in the 

study. 

Table 1. Technical specifications for each model [2]. 

 
 

The proper calibration of the HPLC measurement 

systems is essential to ensure the traceability of meas-

urements performed in this equipment. 

 

Conformity assessment is any activity to determine, 

directly or indirectly, that a process, product, or system 

meets relevant technical standards or requirements. [1] 

 

In this particular case, this study evaluates the con-

formity of the calibration, which will determine whether 

measuring instrument is within appropriate limits for 

use. 

 

The correct definition of the interval of permissible 

values for a calibration (acceptance interval), allows to 

equilibrate the risk of error in taking the decision of 

acceptance or rejection associated with the uncertainty of 

the calibration. In this work is recommended to address 

the problem of conformity assessment of calibration 

using the concepts of Probability Density Function of the 

measurement, Tolerance Interval -on a measuring in-

strument is the maximum permissible error (Emáx)- and 

acceptance interval limits - on a calibration is acceptance 

of it - 

 

Figure 2 shows the relationship between the Toler-

ance Interval [Emáx] and Calibration Acceptance Inter-

val. The resulting value of a measurement during cali-

bration shall be within the Tolerance Interval [-Emáx; 

Emáx]. The measurement will be conform if the value 

being within the Acceptance Interval defined by AL and 

AU. 

 

 

 

 

 

 

 

Figure 2. Tolerance Interval and Calibration Acceptance In-

terval related to the conformity assessment of the calibration. 
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The maximum permissible error is given by the 

manufacturer and the definition of acceptance limits of 

the calibration will depend on the required measurement 

quality. 

 

The result of measuring a magnitude Y that is ex-

pressed as y, is obtained by estimating the measured 

value and the parameter which characterizes the disper-

sion values can be reasonably assigned to that, that is, 

the measurement uncertainty [um]. The Probability 

Density Function of a measurement ηm characterizes 

the possible values that can take it. 

 

The Cm Measurement Capacity is defined in [1] as: 

 

                          Cm = T / 4um                   (1)   
 

                                                       

The interval [y-2um; y+2um] must contain a signifi-

cant portion (≈ 95%) of the distribution of values that 

could reasonably be attributed to Y. 

 

In the calibration of a measurement instrument, a 

specified requirement is often expressed in terms of a 

maximum permissible error E[máx], that is,  the indica-

tion error must be in the interval [-Emáx; Emáx ] Tolerance 

is therefore      T=2 Emáx and Measurement Capability 

would like: 

 

           Cm = 2Emax / 2U  =  Emax / U             (2) 

       

En la calibración de un instrumento de medición un 

requisito usualmente utilizado se expresa como el error 

máximo permisible [Emáx], o sea, que el error de indica-

ción debe encontrarse en el intervalo [-Emáx; Emáx]. Por 

tanto la tolerancia es T=2 Emáx y la capacidad de medi-

ción quedaría como: 

 

This index is closely linked with the term Probabil-

ity of Conformity that characterizes the probability that 

a measurement meets the specified requirements. Con-

formance Probability can be expressed in terms of Tol-

erance Intervals TL y TU  (lower and upper) and the 

particular measurement result expressed as (y, u), which 

in this case would be y ≈ ηm   and  u ≈ um. 

 

From here is defined in [1] a new term ỹ  that char-

acterizes the proximity of the measurement at the toler-

ance limits of it: 

 

                        ỹ = (ηm -TL) / T                        (3) 

      

 

For a measured value ηm in the tolerance interval, ỹ 

is in the range 0 ≤ ỹ ≤ 1. 

 

Finally, all these elements are related by the curve of 

constant 95% conformance probability [1]. This curve 

separates the areas of conformity of non-conformity 

with 95% of confidence. 

 

Figure 3. Curve of constant 95% conformance probability. 

 
 

In the decision to accept or not the measurement 

(calibration) is involved the value of the estimated un-

certainty, that directly affects the value of Cm. It may be 

noted that the lower this value the narrower the interval 

to get a Conformance Probability greater or equal to 

95%. 

2.1 Results 

For good performance, the HPLC has the following     

measurement channels:  

 

− Flow (Pump Solvent Delivery) 

− Absorbance (UV-VIS-Detector) 

− Column Oven Temperature 

− Sample Cooler Temperature (Sampler Cooler) 

− Injection Volume. 

For each model was evaluated the calibration uncer-

tainty according to GUM [3l, following the procedure 

established by the manufacturer. 

05003-p.3



Web of Conferences 

 

 

From the calculated uncertainty in the calibration of 

each measurement channel of the HPLC, it proceeded to 

calculate the measurement capability and define the 

acceptance interval for the conformity assessment of the 

calibration.  The values obtained for each model studied 

are shown in Tables 2, 3 and 4. 

 

Tolerance intervals are those established by the 

manufacturer's protocol qualification. 

 

The expanded uncertainty –Uexp- is calculated for a 

confidence level of 95% (k = 2), from the evaluation of 

the combined uncertainty of each measurement channel. 

It should be noted that the main contribution to the un-

certainty of the calibration is provided by the measure-

ment channels of the HPLC. 

 

Table 2. Measurement capability and calibration acceptance 

intervals of model i for a conformance probability  greater 

than or equal to 95%. 

 
* Acceptance intervals are given in % of the Tolerance 

Intervals. 

 

Table 3. Measurement capability and calibration acceptance 

intervals of model ii for a conformance probability  greater 

than or equal to 95%. 

 
* Acceptance intervals are given in % of the tolerance 

intervals. 
 

 

Table 4.  Measurement capability and calibration acceptance 

intervals of model iii for a conformance probability  greater 

than or equal to 95%. 

 
* Acceptance intervals are given in % of the tolerance 

intervals. 

2.2 Discussion 

From the calculations obtained can be made the follow-

ing observations: 

 

− The assessment of the calibration uncertainty of 

the flow channel was performed by the type A in 

model I and by the type B in the rest of them. In 

each case similar results were obtained, despite the 

repeatability given by the manufacturer for the 

model I is greater than in other models. This in-

duces to increasing the number of observations 

and evaluating uncertainty type A reduces its val-

ue, but doing it the cost of the calibration increas-

es. Regardless of the precision data from models II 

and III are lower than the model I, the contribution 

to the uncertainty is of the same order because on-

ly one observation was made. Measurement capa-

bility obtained for the flow channel warn the need 

to make modifications, either by increasing the 

number of observations to improve the assessment 

of  uncertainty by repeatability or  improving the 

accuracy of  measurement channel of a HPLC. 

 

−  Calibration of absorbance channel is made on 

extreme values of the linearity test of the absorb-

ance of qualification protocol. The linearity data 

given by the manufacturer is critical in the meas-

urement capability values  obtained. 

 

−  Calibration of the temperature measurement chan-

nels of the oven and sampler cooler is acceptable, 

although in the case of temperature channel of the 

oven the acceptance interval is slightly smaller due 

to the influence of the measurement temperature 

accuracy of HPLC. Also, this is demonstrated by 

observing the increase in measurement capability 

in the temperature channel of the oven of model II, 

as it has a better accuracy. 

 

− The acceptance interval obtained for a 

Conformance Probability of  95% in the injection 

05003-p.4



   

volumen for models I and II is minimal. In this 

case, the low measurement capability is directly 

associated with  the measurement channel 

accuracy, but more than anything with the 

measurement procedure; that indicates to take only 

one observation. If this procedure  change, for 

example, increasing the number of observations,  

it would improve the assessment of uncertainty, in 

addition, increase the measurement capability to 

achieve a wider  acceptance interval. Certainly, 

this leads to an increase in calibration time and 

expenses 

 

3 Conclusions 

 
It was studied in depth the protocol operation qualifica-

tion of HPLC, it was assessed the calibration uncertain-

ty of each measurement channel and determined the 

interval to achieve a conformance probability of the 

calibration greater than or equal to 95%. 

 

It was found that in all cases the main contribution 

to the calibration uncertainty is given by the metrologi-

cal characteristics of the measuring channels of the 

HPLC, which directly affects the measurement capabil-

ity obtained for each measurement channel in each 

model studied. 

 

From the results we propose the following recom-

mendations: 

 

− Valuate the number of observations to be made in 

the calibration of flow measurement channels and 

injection volume to improve the uncertainty as-

sessments that provide the accuracy and repeatabil-

ity of these. There must be a cost-benefit analysis 

for the possible increase in the number of observa-

tions. 
 

− Achieve very precise adjustment of the tempera-

ture measurement channels, particularly the oven 

temperature to ensure measurement locate within 

the acceptance intervals. 
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