UNIT -V

CALIBRATION

The set of operations that establish, under specified conditions, the relationship between values
indicated by an instrument or system for measuring (for example, weight, temperature and pH),
recording, and controlling, or the values represented by a material measure, and the
corresponding known values of a reference standard. Limits for acceptance of the results of
measuring should be established.

Calibration of pH meter

Calibration of pH meter with buffer (pH4.0, 7.0, 10.0) should be done once a month. The buffers
should not get contaminated and should not be used after 3 months. All the buffers should reach
the same temperature before the calibration process.

Use the following steps in the calibration of pH meters:

Step 1: Clean the Electrodes

If working with laboratory equipment and chemicals, it is important to wear proper safety
equipment, such as gloves and safety glasses. After turning on the power to the pH meter, take
the pH meter electrode from its storage solution and rinse with distilled water. Wipe it clean with
a lint-free tissue.

Step 2: Calibrate With the pH 7 Buffer

Submerge the rinsed electrode into the pH 7 buffer solution. Press the calibrate button and wait
for the pH icon to stop flashing. If the pH reads 7, accept; if it does not, edit the entry using the
keypad on the instrument. Rinse the electrode again with distilled water and wipe clean with a
lint-free tissue.

Step 3: Calibrate With the pH 10 Buffer

Now submerge the rinsed electrode into the pH 10 buffer. Press the calibrate button once the pH
icon stops flashing. If the pH reads 10, accept; if it does not, edit the entry using the keypad on
the instrument. Rinse the electrode with distilled water and wipe with a lint-free tissue.

Place the meter in whichever solution is closest to your everyday pH testing supply, either 4.00
or 10.00. Hold the meter in the proper solution until the meter begins to blink, indicating the
calibration process is complete! Buffers with a higher pH (10.00) are best for measuring bases,
whereas buffers with a low pH (4) are best for measuring acidic samples.

Step 4: Measure the pH of Solutions

The pH meter is now ready to measure the pH of other substances. Be sure to submerge the
electrode and rinse with distilled water in between multiple samples.

QUALIFICATION

It is the action of proving and documenting that any premises, systems and equipment are
properly installed, and/or work correctly and lead to the expected results. Qualification is often a
part (the initial stage) of validation, but the individual qualification steps alone do not constitute
process validation.

The term qualification is normally used for equipment, utilities and systems, and validation for
processes. In this sense, qualification is part of validation.

Qualification should be completed before process validation is performed.

Qualification stages



There are four stages of qualification:
— design qualification (DQ)
— installation qualification (IQ)
— operational qualification (OQ)
— performance qualification (PQ)

All SOPs for operation, maintenance and calibration should be prepared during qualification.
Training should be provided to operators and training records should be maintained.

Design qualification
DQ is the documented verification that the proposed design of the facilities, systems and
equipments is suitable for the intended purpose. The following are the key considerations for

DQ:

physical dimension of equipment and accessories

the supplier and user agree that integration of all elements meet the functional
specifications

Health and safety requirements

Installation qualification

IQ is the documented verification that the facilities, systems and equipments as installed
or modified; comply with the approved design and manufacturer’s recommendations. It
should provide documented evidence that the installation was complete and satisfactory.
The purchase specifications, drawings, manuals, spare parts lists, cleaning schedules,
critical equipment features that could affect the process and product, environmental
conditions, adjustment requirements, and vendor details should be verified during
installation qualification. Control and measuring devices should be calibrated.

Operational qualification

Operational qualification should provide documented evidence that utilities, systems or
equipment and all its components operate in accordance with established specifications.
Tests should be designed to demonstrate satisfactory operation over the normal operating
range as well as at the limits of its operating conditions (including worst case conditions).
That is the system performs as intended over all anticipated operating ranges.

Operation controls, alarms, switches, displays and other operational components should
be tested.

Performance qualification

Performance qualification should provide documented evidence that utilities, systems or
equipment and all its components can consistently perform in accordance with the
specifications under routine use or anticipated conditions. Test results should be collected
over a suitable period of time to prove consistency. Qualification should be completed
before process validation is performed.



Qualification of UV-Visible Spectrophotometer

UV-Visible spectroscopy is concerned with ultra violet and visible regions which range from
200-780 nm.

INSTALLATION PROCEDURE:

While the UV instrument was shipped after the precise adjustment and inspection at the factory,
it is recommended to install according to the following procedures so as to provide its optimum
performance and to meet the user’s demands.

INSTALLATION SITE:

* Room temperature during use of 15 to 35°C.

* Out of direct sunlight.

* No strong vibration or continuous weak vibration.

* No strong magnetic fields or electromagnetic fields.

* Humidity of 45 to 80%.

* No corrosive gases or organic or inorganic gases with absorptivity in the ultraviolet range.

* Small amount of dust.

ACCEPTANCE PROCEDURES:

Appearance No defect
Number of parts No missing parts
ROM check Latest version
Linearity of Absorbance Bent: H).002Abs

(Shock noise: =0.004 Abs)

Noise level Noise width: =0.002Abs
(Shock noise: £0.004 Abs)

Accuracy of wavelength +(0.5nm

Repeatability of wavelength +(0.1nm

PERFORMANCE QUALIFICATION

[1] Wavelength accuracy

It is defined as the deviation of the wavelength reading at an absorption band and emission band
from the wavelength of the band.

Acceptance: + nm in UV range (200-380 nm) and + nm in visible range (380-800 nm). Three
repeated scan of the same peak should be within 0.5 nm.

[2] Stray light



Stray light is defined as the detected light of any wavelength that is out side the band width of
the wavelength selected.

Acceptance: the transmittance of the solution in a lcm cell should be less than 0.01 or the
absorbance value should be greater than 2.

[3] Resolution power

The resolution of the UV-VIS spectrometer is related to its spectral band width. The smaller the
band width the finer the resolution. The SBW depends on the slit width and the dispersive power
of the monochromator.

Acceptance: The ratio of the absorbance at 269 nm and absorbance at 266 nm should be greater
than 1.5.

[4] Noise

Noise is the measurement affects the accuracy at the both end of the absorbance scale. Photon
noise from the light source affects the accuracy of the measurement leads to low absorbance.
Acceptance: The RMS noise should be less than 0.001 AU.

[5] Baseline flatness

The flat baseline test demonstrates that the ability of the instrument to normalise the light
intensity measurement and the spectral output at different wavelength throughout the spectral
range.

Acceptance: The measurement is typically less than 0.01 AU.

[6] Stability

The lamp intensity is a function of the lamp age, temperature fluctuation and wavelength of the
measurement. These changes can lead to errors in the value of the measurements, over an
extended period of time

Acceptance: The deflection is less than 0.002 AU/ hr

[7] Photometric accuracy

Photometric accuracy is determined by comparing the difference between the measured
absorbance of the reference material and the established value.

Acceptance: Six replicate measurements of the 0.006% w/v of the potassium dichromate
solution at 235, 257, 313 and 350 nm should be less than 0.5% RSD.

[8] Linearity

The linear dynamic range of measurement is limited by stray light at high absorbance and by
noise at low absorbance. The accuracy of the quantification of the sample depends on the
precision and linearity of the measurements.

Acceptance: Correlation coefficient r > 0.999.

VALIDATION

Validation is the action of proving and documenting that any process, procedure or
method actually and consistently leads to the expected results. Each critical step of the
manufacturing process must be validated. The word validation simply means “action of proving
effectiveness”. Validation is an essential part of good manufacturing practices (GMP). It is,
therefore, an element of the quality assurance programme associated with a particular product or
process. The basic principles of quality assurance have as their goal the production of products
that are fit for their intended use. These principles are as follows:
* Quality, safety and efficacy must be designed and built into the product.
* Quality cannot be inspected or tested into the product.



* Each critical step of the manufacturing process must be validated. Other steps in the process
must be under control to maximize the probability that the finished product consistently and
predictably meets all quality and design specifications.
Validation of processes and systems is fundamental to achieving these goals. It is by design and
validation that a manufacturer can establish confidence that the manufactured products will
consistently meet their product specifications.
Process validation
Process validation is the establishment of documented evidence which provides a high degree of
assurance that a specific process will consistently result in a product that meets its predetermined
specifications and quality characteristics. Normally process validation should cover at least the
critical steps and parameters (e.g. those that may have an impact on the quality of the product) in
the process of manufacturing a pharmaceutical product.
Process validation should normally begin only once qualification of support systems and
equipment is completed. In some cases process validation may be conducted concurrently with
performance qualification. Process validation should normally be completed prior to the
manufacture of finished product that is intended for sale (prospective validation). Process
validation during routine production may also be acceptable (concurrent validation).
Approaches to validation
There are two basic approaches to validation — one based on evidence obtained through testing
(prospective and concurrent validation), and one based on the analysis of accumulated
(historical) data (retrospective validation). Whenever possible, prospective validation is
preferred. Retrospective validation is no longer encouraged and is, in any case, not applicable to
the manufacturing of sterile products.
Both prospective and concurrent validation may include:
* Extensive product testing, which may involve extensive sample testing (with the estimation of
confidence limits for individual results) and the demonstration of intra- and inter-batch
homogeneity;
« Simulation process trials;
* Challenge/worst case tests, which determine the robustness of the process; and
» Control of process parameters being monitored during normal production runs to obtain
additional information on the reliability of the process.
Validation should be performed:

— for new premises, equipment, utilities and systems, and processes and procedures;

— at periodic intervals; and

— when major changes have been made.

Validation should be done over a period of time, e.g. at least three consecutive batches (full
production scale) should be validated, to demonstrate consistency.

Types of Validation/ Process Validation

[1] Prospective validation

Validation carried out during the development stage on the basis of a risk analysis of the
production process, which is broken down into individual steps; these are then evaluated on the
basis of past experience to determine whether they may lead to critical situations.

This validation includes those considerations that should be made before an entirely new product
is introduced by a firm or where there is a change in the manufacturing process which may affect



the product characterizations such as uniformity and identity. In fact validation of a process by
this approach often leads to transfer of manufacturing process from development phase to
production.
[2] Retrospective validation
It innvolves the evaluation of past experience of production on the condition that composition,
procedures, and equipment remain unchanged.
Retrospective validation is based on a review of historical manufacturing and testing data, and
the analysis of accumulated results from past production to assess the consistency of a process. It
is assumed that the composition, procedures and equipment remained unchanged.
During retrospective validation results of in-process and final control tests are evaluated. A total
of 10-25 batches (or more), manufactured over a period of 12 months, is used for reviewing the
results, to provide a statistically significant picture. Quality control charts could be used when
performing retrospective validation. As retrospective validation is not considered to be a quality
assurance measure it should not be applied to new processes or products.
Steps during retrospective validation includes
e Choosing a critical quality parameter (e.g. assay value, unit dose uniformity, disintegration
time and dissolution).
e Extracting the analytical results from each batch (the results of a batch are grouped as
subgroups).
e Pooling the results from the batches.
e (alculating the grand average (process average) and control limits (upper and lower
control limits).
e Plotting the results on graphs or charts.
[3] Concurrent validation
Validation carried out during routine production of products intended for sale. It should involve
close and intensive monitoring of the steps and critical points for at least first three production
scale batches. The in-process control results are used to provide some of the evidence required
for validation but these are no substitute for validation. Validation in the production unit mainly
comprises of the determination and evaluation of the process parameters of the facilities applied
for the scale-up to final batch size. The control of all critical process parameters, the results of
the in-process controls, final controls and stability tests should prove the suitability of the
important individual steps of a procedure.
If the protocol established for a prospective validation states that three batches will be
manufactured and tested, the data generated may not provide evidence needed to establish
confidence that the quality functions was performed adequately. Indeed the resulting product
may meet its release specifications but the validation may not be tight enough for good statistical
treatment. The validation committee may withhold its approval until additional validation testing
i.e., concurrent testing for a given number of batches is completed to establish the needed
confidence. Thus, the final validation report will include data from the prospective and
concurrent phases of the program in order to demonstrate that the process will do what it
purports to do. The concurrent validation backs up the prospective validation data.
[4] Revalidation
Repeated validation of an approved process (or a part thereof) is done to ensure continued
compliance with established requirements. Whenever there are changes in packaging,
formulation, equipment or process which could impact product on product effectiveness or
product characteristics, there should be a QA system in place which requires revalidation.



Furthermore, when a change is made in raw material supplier, the manufacturer should consider
subtle, potentially adverse differences in the raw material characteristics. A determination of
adverse difference in raw materials indicates a need to revalidate the process. One way of
detecting the kind of changes that should initiate revalidation is the use of tests and methods of
analysis which are capable of measuring characteristics which may vary.
The following points should also be considered:

— the occurrence of any changes in the master formula, methods, starting material

manufacturer, equipment and/or instruments;

— equipment calibrations and preventive maintenance carried out;

— standard operating procedures (SOPs); and

— cleaning and hygiene programme.

Validation Master Plan (VMP)
The VMP is a high-level document that establishes an umbrella validation plan for the entire
project and summarizes the manufacturer’s overall philosophy and approach, to be used for
establishing performance adequacy. It provides information on the manufacturer’s validation
work programme and defines details of and timescales for the validation work to be performed,
including a statement of the responsibilities of those implementing the plan. The validation
master plan (VMP) should reflect the key elements of the validation programme. It should be
concise and clear and contain at least the following:

— a validation policy

— organizational structure of validation activities

— summary of facilities, systems, equipment and processes validated and to be validated

— documentation format (e.g. protocol and report format)

— planning and scheduling

— change control

— references to existing documents.

General Principles of Analytical Method Validation
Types of Analytical Procedures to be validated

The validation of analytical procedures is directed to the four most common types of
analytical procedures:

- Identification tests;

- Quantitative tests for impurities' content;

- Limit tests for the control of impurities;

- Quantitative tests of the active moiety in samples of drug substance or drug product or other selected

component(s) in the drug product.
Typical validation characteristics which should be considered for analytical methods are listed below:

— specificity
— linearity

— range

— accuracy



— precision

— detection limit
— quantitation limit
— robustness.

Revalidation may be necessary in the following circumstances:
- changes in the synthesis of the drug substance;
- changes in the composition of the finished product;
- changes in the analytical procedure

[1] Accuracy is the degree of agreement of test results with the true value, or the closeness of
the results obtained by the procedure to the true value. It is normally established on samples
of the material to be examined that have been prepared to quantitative accuracy. Accuracy
should be established across the specified range of the analytical procedure.

Note: it is acceptable to use a “spiked” placebo where a known quantity or concentration
of a reference material is used.

[2] Precision is the degree of agreement among individual results. The complete procedure
should be applied repeatedly to separate, identical samples drawn from the same
homogeneous batch of material. It should be measured by the scatter of individual results
from the mean (good grouping) and expressed as the relative standard deviation (RSD).

e Repeatability should be assessed using a minimum of nine determinations
covering the specified range for the procedure e.g. three concentrations/ three
replicates each, or a minimum of six determinations at 100% of the test
concentration.

o [ntermediate precision expresses within-laboratory variations (usually on
different days, different analysts and different equipment). If reproducibility is
assessed, a measure of intermediate precision is not required.

® Reproducibility expresses precision between laboratories.

[3] Robustness (or ruggedness) is the ability of the procedure to provide analytical results of
acceptable accuracy and precision under a variety of conditions. The results from separate
samples are influenced by changes in the operational or environmental conditions.
Robustness should be considered during the development phase, and should show the
reliability of an analysis when deliberate variations are made in method parameters.

The robustness of an analytical procedure is a measure of its capacity to remain unaffected
by small, but deliberate variations in method parameters and provides an indication of its
reliability during normal usage.

Factors that can have an effect on robustness when performing chromatographic analysis
include:

— stability of test and standard samples and solutions;

— reagents (e.g. different suppliers);

— different columns (e.g. different lots and/or suppliers);

— extraction time;

— variations of pH of a mobile phase;

— variations in mobile phase composition;

— temperature; and

— flow rate.



[4] Linearity indicates the ability to produce results that are directly proportional to the
concentration of the analyte in samples. A series of samples should be prepared in which the
analyte concentrations span the claimed range of the procedure. If there is a linear
relationship, test results should be evaluated by appropriate statistical methods. A minimum
of five concentrations should be used.

[5] Range is an expression of the lowest and highest levels of analyte that have been
demonstrated to be determinable for the product. The specified range is normally derived
from linearity studies.

The following minimum specified ranges should be considered:
For the assay of a drug substance or a finished (drug) product: normally from 80 to
120 percent of the test concentration;

- For content uniformity, covering a minimum of 70 to 130 percent of the test concentration

- For dissolution testing: +/-20 % over the specified range; e.g., if the specifications for
a controlled released product cover a region from 20%, after 1 hour, up to 90%, after
24 hours, the validated range would be 0-110% of the label claim.

[6] Specificity (selectivity) is the ability to measure unequivocally the desired analyte in the
presence of components such as excipients and impurities that may also be expected to be
present. An investigation of specificity should be conducted during the validation of
identification tests, the determination of impurities and assay.

[7] Detection limit (DL) (limit of detection) is the smallest quantity of an analyte that can be
detected, and not necessarily determined, in a quantitative fashion. The approach may be
based on the Standard Deviation of the Response and the Slope

DL—3J
Y

where o = the standard deviation of the response, S = the slope of the calibration curve

The slope S may be estimated from the calibration curve of the analyte. The estimate of
o may be carried out in a variety of ways, for example:
1. Based on the Standard Deviation of the Blank
Measurement of the magnitude of analytical background response is performed by analyzing
an appropriate number of blank samples and calculating the standard deviation of these
responses.
2. Based on the Calibration Curve
A specific calibration curve should be studied using samples containing an analyte in the
range of DL. The residual standard deviation of a regression line or the standard deviation of
y-intercepts of regression lines may be used as the standard deviation.

[8] Quantitation limit (QL) (limit of quantitation) is the lowest concentration of an analyte in

a sample that may be determined with acceptable accuracy and precision. The approach may

be based on standard deviation of the response and the slope.
100
o=
where o = the standard deviation of the response, S = the slope of the calibration curve
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