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Ab fdCt 

Today, the Radioimmunoassay becomes one of the best 

techniques for quantitative analysis of very low 

concentration of different substances. RIA is being 

widely used in medical and research laboratories. 

To maintain high specificity and accuracy in RIA and 

other related techniques the Quality Controls must be 

introduced. 

In this dissertation quality control samples for thyroid 

hormones (Triiodothyronine T3 and Thyroxin T4), using 

RIA techniques. 

Ready made Chinese T4, T3 RIA Kits were used. 

IAEA Statistical package were selected. 



Chapter One 
Introduction 
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l - Introduction: 

The 1960s and the 1970s, have witnessed an increasing interest in 

immunoassays techniques. Today, immunoassays enjoy almost 

unprecedented many branches and disciplines of Scientific investigations 

especially in the biologically related subjects. 

There are immunoassays using a variety of detection systems, such as 

radioisotope measurement, tluorescence, agglutination, precipitations and 

enzyme color reaction. 

Radioimmunoassay, (RIA), is a micro analytical technique in which 

radioisotopes are used diagnostic test on specified of biological fluids to 

measure concentrations of substance of interest. The publication of the 

first (RIA) by Berson and Yallow in 1960 was a most significant event. 

Indeed, many brief accounts of the development of immunoassays often 

imply that it was the beginning for immunoassay methods. 

Nonetheless, the publication of Berson and Yallow did arouse 

considerable interest. Particularly amongst that activity pursuing research 

in the filed of endocrinology. The reasons for this interest are worth 

noting as they have a direct bearing on subsequent developments and 

successful adoption of immunoassay methods in general. In brief the 

published RIA method that attracted so much interest appeared to offer 

the following list of potential advantages: 

1. Sensitivity. 

2. Specificity. 

3. Simplicity. 

4. Universal application. 
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The RIA is based on the reaction of a limited concentration of 

antibody with varying concentrations of antigen. The proportion of free 

and bound antigen, which a rises as a consequence of using a limited 

concentration of the specific reagent (the antibody) is measured by using 

a radiolabel led antigen. 

The immunoradiometricassays (IRMA) were currently enjoying 

increasing popularity, and many methods are being developed with a 

view to replace some of the existing radio-immunoassays. 

The method was originally published by Miles and Males in 1968 

and, although the potential attributes of the IRMA wore strikingly 

obvious, it is surprising that more use was not made of the method at the 

time. 

Reagent preparation for the IRMA method in ten technically more 

demanding than reagent preparation for the RIA. However, the assay is 

often easier to perform and the IRMA is frequently more precise and has 

greater sensitivity than the RIA. 

1-1 Data Processing in RIA Techniques: 
Processing of complex data, such as: curve fitting to the dose- response 

coordinates for a number of replicated standards or calibration curve; 

precision profiting; interpolation of unknown values; statistical 

calculation of quality control parameters, is best achieved using on of 

several computer programs. 

The data processing for quantitative immune's assays is considered to 

consist of the following steps: 

1. Calculation of mean response from replicates. 

2. Construction of the calibration curve. 

2 



3. Assessment of quality of fit of the calibration curve. 

4. Determination of unknown concentration from the mean response. 

5. Construction of the precision profile. 

6. Estimation of sensitivity. 

7. Quality control. 

In this dissertation, we talk about the quality assurance of assays in R1A 

and IRMA techniques, and how to prepare the quality control samples of 

Thyroxin (T4), Triiodothyronine (T3). The purpose of quality assurance 

is to minimize the possibility of erroneous results by alerting the 

researcher to potential in accuracies or problems in the measurement of 

hormone levels. It involves the quality control of equipment, reagent, and 

assay procedures. 

Although radio-immunoassay techniques are very sophisticated 

and reliable, it is possible for them to malfunction, and the researcher 

should always question the validity of his/ her results. If an assay given 

incorrect values, wrong conclusions may be drawn, and inappropriate 

management decisions may be made. 
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1-2 Quality Controls: 

1-2-1 Introduction 

1-2-2 Internal Quality Control 

1-2-3 External Quality Control 

1-2-1 Introduction: 

Quality control is the term used to describe the practical steps undertaken 

to ensure that errors in the analytical data are of a magnitude appropriate 

for the use to which the data will be put. This means than the 

(unavoidable) errors made are quantified to enable a decision whether 

they are of an acceptable magnitude and that unacceptable errors are 

discovered, so that corrective action can be taken and erroneous data are 

not released. 

In short, quality control must detected both random and systematic 

errors. In principle, quality control for analytical performance consists of 

two complementary activities: 

1. Internal quality control. 

2. External quality control. 
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1-2-2 Internal Quality Control of the DATA: 

1-2-2-1 Introduction: 

The internal quality control involves the in house procedure for 

continuous monitoring of operations and systematic day-to-day checking 

of the produced data to decide whether these are reliable enough to be 

released. The procedures primarily monitor the (bias) of data with the 

help of control samples and the precision by means of duplicate analysis 

of text samples and / or of control samples. These activities take place at 

batch level (sound- line control). 

1-2-2-2 Rounding and significant figures: 

At this point, before entering into actual treatment of data, it might be 

useful to enter into the data themselves as they are treated and reported. 

Analytical data, either direct readings or results of one or more 

calculation steps associated with most analytical methods, are often 

reported with several numbers after the decimal point. In many cases this 

suggests a higher significance than is warranted by the combination of 

procedure and test materials. 

The significance of the numbers of results is a function of the precision of 

the analytical method. The most practical figures for precision are 

obtained from the own validation of the procedure whereby the - within-

laboratory standard deviation SL (between - batch precision) for control 

samples is the most realistic parameter for routine procedures. For -non-

routine studies, the sr (within - batch precision) might have to be 

determined. 
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1-2-2-3 Control charts: 

This implies that systematic check, e.g., per day or per batch, must show 

that the test results remain reportable and that the methodology is actually 

measuring the analyte or attribute in each sample. An excellent and widely 

used system of such quality control is the application of (Quality) control 

(harts. In analytical laboratories such as soil, plant and water laboratories 

separate control charts can be used for analytical attributes, for instrument 

and for analysts. Although several types of control charts can be applied. 

The present discussion will be restricted to the two most usual types: 

1. Control chart of the Mean for the control of bios; 

2. Control chart of the Rang of Duplicates for the control of precision. 

For the application of quality control charts it is essential that at least 

control samples are available and preferably also (certified) Reference 

Sampler. 

1-2-2-4 Control chart of the Mean (Mean Chart): 

In each of test samples at least one control sample is analyzed and the result 

is plotted on the control chart of the attribute and the control sample 

concerned. This shows the (Assumed) relation with the normal distribution 

of the data around the mean. The interpretation and practical use of control 

charts is base of on a number of rules derived from the probability statistics 

of the normal distribution. 

The basic assumption is that when a control result falls within a 

distance of 2S from the mean, the system was under control and the result of 

the batch as a whole can be accepted. A control result beyond the distance of 

2S from the mean (the " Warning Limit") signals that something may be 
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wrong or tends to go wrong, which a control result beyond 3S (the " control 

limit" or " Action Limit") indicates that the system was statistically out of 

control and that the results have to be rejected: the batch has to be repeated 

after sorting out what went wrong and after correcting the system. 

Fig 1: The principle of a Control chart of the mean: 

UCL 

UWL 

Mean 

LWL 

LCL 

I 
5 10 15 20 

Date/Balch 
25 30 

*UCL = Upper Control Limit (or Upper Action Limit). 
*UWL = Upper Warning Limit. 
*LWL = Lower Warning Limit. 
*LCL = Lower Control Limit (or Lower Action Limit). 
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A part from test results of control samples control charts can be used 

for quite a number of other types of data that need to be controlled on a 

regular basis, e.g., blanks, recoveries, standard deviations, instrument 

response. A model for a Mean chart is given. 

1-2-2-5 Mean charts: 

A control chart can be started when a sufficient number of data of an 

attribute of the control sample is available. Since he wants the control 

chart to reflect the actual analytical practice, the data should be collected 

in the same manner. This usually done by analyzing a control sample in 

cash batch.. 

If duplicate determination of the control sample are used in each batch to 

control within-batch precision, the mean of the supplicates cab be used as 

entry. 

After calculating the mean and the standard deviation of the person chart, 

five lines are drawn on the next control chart: one for the Mean, two 

Warning Limits and two action limits (figl.). Each time a result for the 

control sample is obtained in a batch of test samples; this result is recorded 

on the control chart of the attribute concerned. No rules are laid down for the 

size of a "batch" as this usually depends on the methods and equipment 

used. Some laboratories use one control sample in every 20 test samples; 

others use a minimum of 1 in 50. 

The level of the analyte in the control sample should as much as possible 

match the level in the test samples. For this reason it is often necessary to 



have more than one control sample available for an attribute. To cope with 

the (expected) variation of the concentration of the analyte in the test 

samples the use of more than one control sample in a batch must be 

considered. This would indeed increase the reliability of the obtained results 

but at a price: an extra analysis is carried out and the chance of false 

rejection of a butch is increased also. 

Quality control rules have been developed to detest excess bias and 

imprecision as well as shift and drift in the analysis. These rules are used to 

determine whether or not results of a batch are to be accepted. 

I dally; the quality control rules chosen should provide a high rate of error 

detection with a law rate of false rejection. The rules for quality control are 

not uniform: they may vary from laboratory to laboratory and even within 

laboratories from analysis to analysis. The rules for the interpretation of 

quality control charts are not uniform either. 

The most convenient and commonly applied main rules are the following: 

- Warning rule: (it occurring, then data require farther 

inspection): 

• One control result beyond warning limit. 

- Rejection rules: (it occurring, then data are rejected). 

• One control result beyond action limit. 

• Two successive control results beyond same Warning 

Limit. 

• Ten successive control results are on the same side of the 

mean. 

• Whenever results seem unlikely. 
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If any A the four rejection rules are violated the following actions should be 

taken: 

1/ Repeat the analysis, if the next point is satisfactory, continue the 

analysis. 

2/ Investigate the cause of the exceeding. 

3/ Do not use the results of the batch, run, day or period concerned until 

the cause is trailed. 

4/ If no rectification is possible, after elimination of the source of the 

error, repeat the analysis of the batch concerned. 

Commonly, outliers are caused by simple errors such as calculation or 

dilution errors, use or wrong standard solutions or dirty glassware. If there is 

evidence of such a cause, then this outlier can be put on the chart but may 

not be used in calculating the statistical parameters of the control chart. 

Rejection rule 3 may pose a particular problem. If after the 10th successive 

result on one side of the mean it appears that a systematic error has entered 

the process, the acceptance of the previous batches has to be reconsidered. If 

they cannot be corrected they may have to be repeated. 

Rejection rule 4 is a special cause. Unlike the other rules this is a subjective 

rule based on personal judgment of the analyst and the officer charged with 

the final screening of the results before release to the customer. Both general 

and specific knowledge about a sample and the attribute (s) may ring a bell 

when certain test results are through to be unexpectedly or impossibly high 

or low. 
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1-2-2-6 New control sample: 

When a control sample is about to run out, or must be replaced because of 

instability, or for any other reason, a new control sample must be timely 

prepared so that it can be run concurrently with the old control sample for 

some time. This allows making a smooth start without interrupting the 

analytical programme. As indicated previously the more initial data are 

obtained the better, but ideally a complete control chart should be made. 

1-2-2-7 Control chart of the range of duplicates (Range 

chart): 

In each batch of test samples at least one sample is analyzed in duplicate and 

the difference between the results is platted on the control chart of the 

attribute concerned. The basic construction of such a control chart of the 

Range of Duplicates is given in figure below. 

Fig 2: Control Chart of the Range of Duplicates. 
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R = Mean of the Range of Duplicates. 

WL = Warning Limit. 

CL = Lower Limit. 

It shows similarities with the control chart of the Mean in that now a mean 

of differences is calculated with corresponding standard deviation. The 

warning line and control line can be drawn at IS and 3S distance from the 

mean of differences. 

1-2-2-8 Range chart of control sample: 

The simplest way of controlling precision is by running duplicates of a 

control sample in each batch. The advantage is that this can be directly 

connected to the use of single values as applied for the control chart of the 

Mean by simply simultaneously running two sub samples of the same 

control sample. The duplicates should be place of at random position in the 

batch, not adjacent to each other. 

The necessary statistical parameters for the range chart, R and SR. can be 

determined as follows: 
- YR, 

m ( l - l ) 

When R = mean difference between duplicates 

* , i V (,-2) 
i > ix: 

/ fRj = sum of (absolute) differences between duplicates. 

m = number of pairs of duplicates. 

And 
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Where: 

SR = standard deviation of the ranged all pairs of duplicates. 

The interpretation rules of the Range chart are very similar to those of the 

Mean chart: 

2 Warning rule: 

2-2 One control observation beyond warning limit. 

3 Rejection rule: 

3-2 One control observations beyond control bar action) limit. 

3-3 Two Successive control observations beyond warning limit. 

3-4 Ten Successive control observations beyond/?. (Some apply six). 

3-5 The response to violation of the rejection rules is also similar: repeat 

the analysis and investigate the problem it the repeat is not 

satisfactory. 

1-2-2-9 Automatic preparation of control chart: 

Obviously in large laboratories with hundreds of analyses per day, much (if 

not all) of the above discussed control work is usually done automatically by 

computer. This can be programmed by the laboratory personnel but 

commercial programs are available which are usually connected to or 

incorporated in the LIMS (Laboratory Information Management System). 

For small and medium- sized laboratories, the manual use of charts, where 

possible with computerized calculation, is recommended. 
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1-2-2-10 Preparation of a control sample: 

In the previous sections reference was frequently made to the "control 

sample". It was defined as:-

"An in-house reference sample for which one or more property values have 

been established by the user laboratory, possibly in collaboration with other 

laboratories". 

This is the material a laboratory needs to prepare for second line (internal) 

control in each batch and the obtained results of which are plotted on control 

charts. The sample should be sufficiently stable and homogeneous for the 

properties concerned. 

Because the quality control systems rely so heavily on these control samples 

their preparation should be done with great care so that the samples meet a 

number of criteria. The main criteria are:-

1/ The sample in homogeneous. 

2/ The material is stable. 

3/ The material has the correct particle size. 

4/ The relevant information on properties and composition of the 

matrix and the concentration of the analyte or attribute 

concerned is available. 
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1-2-2-11 Check on the Mean (Sample bias): 

This is a check to establish if all samples belong to the same population. The 

means of the duplicates are calculated and treated as single values (Xi) for 

the samples 1 to n., calculate X and S of the data set consisting of the 

means of duplicates. 

1-2-2-12 Check on the Range (Sample homogeneity): 

This is a check to establish if all samples are homogenous. The differences R 

between duplicates of each pair are calculated. Then calculate R and ' R of 

the data set using Equation (1) and (2). 
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1-2-3 EXTERNAL QUALITY CONTROL OF DATA 

1-2-3-1 Introduction 
1-2-3-2 Check-analyses by another laboratory 
1-2-3-3 Interlaboratory sample and data exchange programmes. 
1-2-3-4 Trouble-shooting 
1-2-3-5 Organization of interlaboratory test programmes. 
1-2-3-6Quality audit 

1-2-3-1 Introduction: 

The quality control of data discussed above is restricted to internal 
control. The processes should be monitored closely to see if any 
unacceptable deviations occur with respect to the situation in the 
previous period(s) where everything was considered to be under 
control. However, this is often only relative to own data and may lead 
to serious bias of the analytical results. 

There are several ways to avoid or to discover systematic errors: 

1. Use of spikes or pure analytes 

2. Use of independent standards or standard solutions. 

3. Analyzing (certified) reference samples. 
4. Exchange of samples with another laboratory or having some 
own samples analyzed by another laboratory. 

5. Participation in interlaboratory sample exchange programmes 
(round robin tests). 

1-2-3-2 Check-analyses by another laboratory: 

If an error in a procedure is suspected and the uncertainty cannot 
readily be solved, it is not uncommon to have one or more samples 
analyzed by another laboratory for comparison. This is usually a 
related laboratory in the neighborhood ("neighborly help") or one 
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belonging to the same umbrella organization as the laboratory itself. 
Sometimes, reputable laboratories elsewhere need to be consulted. 

An inherent disadvantage of this procedure is that the results of the 
other laboratory may themselves be biased. To eliminate this, the 
check may have to be extended to more laboratories and has then, in 
fact, become a comparative interlaboratory study. 

Three types of data comparison may be distinguished: 

1. A single value of a laboratory is compared with a single value of 
another laboratory. 
2. Replicate values of a laboratory are compared with a single value 
of another. 

3. Replicate values of a laboratory are compared with replicate 
values of another. 

Replicate data - replicate data check 

Statistically, the most reliable comparison for bias is made between 
data resulting from replicate determinations. Now, two different kinds 
of check can be distinguished: 

1. Comparison of replicate results on one sample. 
2. Comparison of replicate results on multiple samples. 

1-2-3-3 Interlaboratory sample and data exchange programmes: 

A laboratory which claims that it produces quality data should 
participate in at least one interlaboratory exchange programme. 
Accredited laboratories have to provide evidence that they are 
successfully participating in such a scheme of good national or 
international repute (these schemes themselves may be accredited). 

Types of interlaboratory programmes 

Various types of programmes are in operation among laboratories 
locally, regionally, nationally and internationally, as well as within 
umbrella organizations. Before joining a scheme the purpose of 
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participation must be clear in order to make a sound choice. The 
following operational types can be distinguished: 

1. Method-performance studies 

1-1 - Collaborative study: establishing the performance 
characteristics of an analytical method. 

1-2 - Comparative study: comparing analytical methods by 
comparing the results they yield. 

2. Laboratory-performance studies: 

2-1 - Proficiency test (one method): comparing the performance of 
laboratories on the basis of the same analytical method. 

2-2- Proficiency test (different methods): comparing the 
performance of laboratories by comparing the results of their own 
methods. 

3. Material-certification studies: 

3-1- Certification study: establishing benchmark values for 
components or properties of a material. 

3-2- Consensus study: establishing characteristic values for 
components or properties of a material, for quality control. 

The most common type in which laboratories participate for quality 
control is Type 2.2, the proficiency test where laboratories receive 
samples to be analyzed according to their normal procedures. Type 
2.1 can run concurrently with Type 2.2 if sufficient participants employ 
the same analytical method. The same applies to Type 3.2 where a 
sample after having been analyzed by a large number of laboratories 
may be used as a "reference" sample. This is valuable material 
particularly for attributes for which no certified reference material 
(CRM) exists. 

Most other study types are usually executed by invitation: the 
organizing body selects a number of laboratories to participate in a 
study, the results of which are made available to the whole laboratory 
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community. For instance Type 1.1 is aimed at validation of a method 
and may form the basis of an official national or international standard 
procedure. Type 3.1 is aimed at the preparation of CRM's. 

3-3- Proficiency control chart: 

When results do not significantly differ from the consensus mean, 
this does not necessarily imply that the analytical process is perfect. 
The observations may systematically lie above or below the mean or 
median. A kind of "proficiency control chart" can be constructed to 
reveal this. When using the relative deviation of the results from the 
median (or mean), i.e. the difference between the observation and 
the median is expressed as a percentage of this median (cf. CV, 
RSD). Plotting this against time and drawing the values of 2 x relative 
MAD in the graph, allows a laboratory to obtain an indication of the 
position of its own values and to see if there is a trend. In fact, the 
same quality control rules as used for the control chart of the mean 
can be applied. 

1-2-3-4 Trouble-shooting: 

Action must be taken when statistically significant deviations are 
scored, or when results are consistently above or below the mean. 
This holds both for the internal control with control charts and for 
external control with round robin tests. The difference is that the 
results of the round robin tests always come with a time-lag: you 
cannot immediately repeat a batch or correct a problem. Clearly, 
corrective action must be taken as soon as problems are spotted, be 
it by internal or external control. Therefore, the ensuing discussion is 
not limited to problems emanating from third-line control only, but 
applies to all cases where problems are encountered. 

One of the first actions must be to inspect whether the deviation 
occurs for only one control sample or round-robin sample, or whether 
several samples in one batch/round/period deviate (possibly without 
exceeding the Action Line or scoring asterisks). Earlier reports must 
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be consulted to see if there have been problems previously with that 
specific attribute. If an extreme value is scored only once for a certain 
sample, this may indicate that this one measurement is wrong or that 
there is unexpected matrix interference. It may be necessary to go 
back to the measurements in the archives to check this (audit 
trailing). This will include a re-check of the second-line (batch) 
control: was the result of the control sample correct? If no mistakes 
are found, the sample in question must be reanalyzed and in this 
analysis, for instance, the sample: liquid ratio may be varied. If 
anomalies in an attribute occur in several samples, the entire 
analytical procedure should be scrutinized critically. The following 
should then be inspected: 

1. The results of the first-line check (calibration of equipment, etc. 

2. The results of measurements: these should be checked on the 
basis of the original signals, counts, absorbencies, etc. (and not on 
the basis of the final results of software procedures). 

3. The standard solutions used. This involves checking whether the 
manufacturer's values for standard solutions are correct, or whether 
the salts used are indeed primary standards and have indeed been 
pretreated correctly. These salts can lose or attract water. Standard 
solutions that have been kept for too long or in unsuitable bottles can 
change in concentration, e.g. because the bottle was not stopped 
properly, allowing water to evaporate. 

4. The correctness of the pipettes and other volumetric glassware 
used. It is known that sometimes the volume of the adjustable 
pipettes, commonly used in laboratories, deviates from the 
guaranteed volume. Therefore all such pipettes should be tested 
regularly. 

5. The automatic pipetting of measuring equipment. This deviation 
from the given value may have great consequences for the standard 
series which is prepared by dilution of a standard solution with an 
injector and by standard addition. 

6. In round robin programmes: the digestion and detection techniques 
followed. Information on this can be found in the MIC. 
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Some other sources of error are: 

1. General 

- Filter paper washed in acid can cause secondary reactions when 
soil suspensions prepared with unbuffered salt solutions are being 
filtered. This is particularly likely if the first portion of the filtrate is not 
removed. 

- Old hollow cathode lamps can impair calibration graphs. 

- Voltage fluctuations of electricity mains. 

- Portable telephones can disturb the functioning of sampling 
machines causing them, for example, to skip a sample. 

2. Contaminations: 

- Filter paper that has been taken out of its wrapping can absorb substances, 
particularly ammonia. - NH3 can be produced in denaturalized water by the 
slow breakdown of the resins used. 

- Boron contamination can arise from laundered laboratory coats, 
through the release of per borate from the detergent. 

- The paint from logos on certain new glassware may dissolve in the 
acid used for cleaning (and enter the glassware). 

- The cooling circuit of GF-AAS can become clogged with rust after 
being washed out with tap water under high pressure. 

- Zinc contamination may arise by dandruff from persons using anti-
dandruff shampoo. 

- Grinding can lead to contamination from the grinding apparatus. An 
example of this source of error is given in Table 9-3. Mill A has a cast 
iron casing; in mill B the casing is made of aluminum. 

- Sieves may give off unwanted elements (e.g. brass: copper, zinc). 

21 



- Glassware may be contaminated by inadequate cleaning and 
rinsing. This may particularly occur when glassware is used for 
different analyses. Blank determinations may reveal such problems. 

1-2-3-5 Organization of interlaboratory test programmes: 

Although it is considered beyond the scope of the present 
discussion, for those who contemplate to organize an interlaboratory 
test programme, be it locally or wider, a few general remarks may be 
useful. 

It was mentioned in the Preface that more and more governments 
are requiring accreditation from laboratories that carry out, for 
instance, environmental and ecological analyses for particular studies 
or for the establishment of data bases. This implies that accreditation 
bodies have been set up or are to be set up. Furthermore, it may 
become strategically useful that such accreditation bodies are 
recognized internationally to facilitate cross border acceptance of 
analytical results of an accredited laboratory should the occasion 
arise, e.g. by foreign or international organizations. 

An accreditation body may delegate to a renowned laboratory the 
organization of a regional or national or even international 
interlaboratory test programme as part of a larger external quality 
assurance programme. This could also be executed by a cooperative 
organization of laboratories such as SPALNA. Numerous papers 
describe the organization of interlaboratory tests, e.g. International 
Standard ISO, Hurwitz (1988), Funk et al. (1995), and Houba et al. 
(1996), and the reader is referred to such papers for further 
information. 

Meanwhile, the assistance of such a cooperative organization or 
network need not be limited to round robin tests but can be extended 
to other essential aspects of quality assurance such as: 

- Preparation of control samples 

- Testing of methods 

- Organization of Training Workshops {SPALNA does this, among 
others, for Equipment Maintenance, Analytical Methodology, and for 
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Quality Management and Data Handling, both in the English and 
French language). 

- Making available consultants for trouble shooting and quality audits. 

Particularly for individual laboratories, but also for groups of 
laboratories, there are clearly organizational and budgetary 
advantages to join an existing laboratory network with these aims. If 
still the need for a local or regional network is felt, one laboratory (or 
group of laboratories) interested in improving the quality of their 
output could take the initiative to set up one. Some kind of cross-link 
with an established scheme elsewhere would be beneficial, 
particularly in the initial stage. 

1-2-3-6 Quality audit: 

When the desired quality level of the output of the laboratory is 
reached, it must be maintained and, where necessary, improved. To 
achieve this, the Quality Manual should contain a plan for regular 
checking of all quality assurance measures as they have been 
discussed so far. Such a plan would include a regular reporting to the 
management of the institute or company. 

This is usually done by the head of laboratory and/or, if applicable, 
by the quality assurance officer. 

In addition to such a continuous internal inspection, particularly for 
larger laboratories it is very useful to have the quality system 
reviewed by an independent external auditor. For accreditation this is 
even an inherent part of the process. 

An external audit can assist the organization to recognize 
bottlenecks and flaws. Such shortcomings often result from 
insufficient and inefficient measures and activities which remain 
unnoticed or are ignored. 

An audit can be requested by the laboratory itself or by the 
management of the institute and involves basically the inspection of 
the Quality Manual, i.e. all the protocols, procedures, registration 
forms, logbooks, control charts, and other documents related to the 
laboratory work. Attention is not only given to the contents of the 
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documents, but also to the practical implementation ('say what you 
do, do what you say, and be able to show what you have done'). 
Laboratory staff sometimes sees these audits as a sign of suspicion 
about their performance, and sometimes audits may be (mis)used to 
get things organized or changed under the guise of quality. Yet, the 
auditor should not be seen as a policeman but as someone who was 
asked to help. Therefore, good cooperation with the auditor is 
essential for the effectiveness of the audit. Conversely, the auditor 
should be selected carefully for the same reason. 

In large laboratories it may be advisable to have the audit done by 
more than one person, for instance an organization specialist and an 
analytical expert. 

The audit should result in a report of findings and recommendations 
to improve possible shortcomings. Subsequently, the management 
which will have to decide to what extent the report will remain 
confidential, and if and what actions will have to be taken. 
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Chapter Two 
Material and Method 



2- Material and Method: 

2-1 Preparation of Quality Control Samples for Thyroxin (T4): 

1. Introduction. 
2. Contents of T4 kit. 
3. Principle of T4 quality control samples. 
4. Equipment and Materials required. 
5. Preparation of reagents. 
6. Method of preparation. 

2-1-1 Introduction: 

Thyroxin (T4) is one of the two hormones secreted by the 
thyroid gland. The molecular weight of its acids form is 777 
in blood, T4 is transported bound principally to thyroxin 
binding globulin (TBG) and secondarily to pre-albumin (TBPA) 
and albumin. While more than 99.9% of T4 is bound to this 
protein, it is the free fraction which is considered to be 
biologically active. 

Total Thyroxin levels in serum or plasma have long been 
recognized as an important indicator for thyroid status. In 
overt hypothyroidism, T4 levels are generally raised. The T4 
assay can be also used as a complement in the screening of 
neonatal hypothyroidism. 

The T4 radioimmunoassay method depend on the 
competition between iodine-125 labeled T4 and T4 contained 
in standards or in specimens to be assayed , for a fixed and 
limited number of T4 antibody binding sites . After the 
incubation, the amount of iodine-125 labeled T4 bound to the 
antibody is inversely related to the amount of T4 present in the 
sample. 

In the antibody suspension of T4 kit, the antibody is covalently 
bound by magnetisable particles. Separation of the antibody 
bond fraction is achieved by magnetic separator and 
decanting the supernatant. By measuring the proportion of 
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iodine-125 labeled T4 bound in the presence of reference 
standards containing various known amount of T4, the 
concentration of T4 present in unknown samples can be 
interpolated. 

2-1-2 Contents of T4 Kit: 

- 1 bottle iodine-125 solution in barbitone buffer with 
bovine serum albumin and ANS (8-anillino-1-
naphtalene sulfonic acid). 

- 1 bottle T4 antibody suspension with antimicrobial 
agent. 

- 6 vials T4 standards, with concentrations are 0, 20, 
40, 80,160,240 ng/ml. 

2-1-3 Principle of preparation T4 quality control samples: 

* Preparation of 3 stocks of T4 control pools in stripped human 
or different animal serum: 

• From T4 antigen with a molecular weight of 888.95, 3 
stocks of different concentration will be prepared. 

• Preparation of quality control pool will be as follows: 

- Weight in gram = Molarity x Volume x M.Weight 

1000 

• Stock 1 

Preparation of stock T4 solution of 0.002 mol/l concentration:-

Weight in gram = 0.002 x 1 ml x 888.95 

1000 

Weight = 0.0018 gram of Thyroxin 
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About 0.0018 gram of Thyroxin is dissolved in one ml stripped 
human serum to get stock 1 with concentration of 0.002 mol/l. 

- stock 2 

- Prepare of (1 ml serum ) of 0.00004 mol/l concentration : 

M1 xV1 = M2xV2 

0.002 XV = 0.00004x1 ml 

V = 0.02 ml = 20 MI 

Twenty LII from stock one was taken and completed to 1 ml 
serum to get 0.00004 mol/l concentration. 

• stock 3 

To prepare 1 ml stock of 0.000001 mo\/\ concentration: 
0.00004 x V = 0.000001 x 1ml 

V = 0.025ml = 25|il 

Twenty five \x\ from stock 2 was competed to 1 ml with stripped 
human serum to get stock 3 with concentration of 0.000001 mol/l. 

2-1-4 Equipment and Material Required. 

- 120 ml stripped Human serum. 

Lot No: 051718 

Store At -20 c 

Non Reactive for HB and HIV (1+2) Ab and HCV Ab. 

- Sodium azide (antimicrobial agent). 
- Distilled water 
- Disposable poly-styrene tubes. 
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- Micropipette with disposable tips (50,200, 500, and 
1000 nl). 

- Vortex mixer. 
- Magnetic separator. 
- Gamma counters suitable for measuring iodine-125. 
- Thyroxin (T4) antigen. 
- Spatula. 
- Rotation shaker. 
- External rod ox. 
- Test tubes racks. 
- Eppendorf container. 
- Gloves. 
- Sensitive balance. 
- Incubator. 
- Refrigerator. 

2-1-5 Preparation of T4 QCs procedure: 

The normal range of thyroxin in human body is from (50-
150 nmol/l) according to normal range applied by SAEC 
RIA laboratory. Samples with T4 concentration lower than 
50 nmole/L are considered hypothyroid, where samples 
greater than 150 nmole/L were considered hyperthyroid. 

1- Preparation of low QCs T4 (QCs A) with concentration of 20 
nmol/l in 40 ml stripped human serum: 

• M1 xV1 =M2x V2 
• 0.000001x 10-gnmol/l x V = 20 nmol/lx 40ml 
• V = 800nl. 

From stock 3, 800 fil was taken and completed to 40 ml with 
stripped human serum. 
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2- Preparation of normal QCs T4 (QCs B) with concentration 
of 100 nmol/l in 40 ml tripped human serum: 

• M1 xV1 = M2x V2 
• 0.000001x 10-gnmol/l x V = 100 nmol/lx 40ml 
• V = 4ml. 

From stock 3, 4 ml was taken and completed to 40 ml with 
stripped human serum. 

3-Preparation of high T4 QCs (QCs C) with concentration of 
200 nmol/l in 40 ml stripped human serum: 

• M1 xV1 =M2x V2 
• 0.000001 x 10-gnmol/l x V = 200 nmol/lx 40ml 
• V = 8ml. 

From stock 3, 8 ml was taken and completed to 40 ml with 
stripped human serum. 

2-2 Preparation of Quality Control Samples for 
Triiodothyronine (T3): 

1. Introduction. 

2. Contents of T3 kit. 

3. Principle of T3 quality control samples. 

4. Equipment and Materials required. 

5. Preparation of reagents. 

2-2-1 Introduction: 

Triiodothyronine (T3) is one of the two hormones secreted 
by the thyroid gland. The main part of the circulating T3 is 
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(T4), however, produced by peripheral deiodination of thyroxin 
(T4). The molecular weight of its acids form is 649. 
In blood, T3 is transported bound principally to thyroxin 
binding globulin (TBG). About 99.5% ofT3 circulates bound to 
protein compared with about 99.95% of T4. 

T3 is known to have more metabolic activity than T4 and it is 
contribute significantly to the maintenance of the thyroid state. 

The T3 radioimmunoassay method depend on the competition 
between iodine-125 labeledT3 and T3 contained in standards 
or in specimens to be assayed , for a fixed and limited number 
of T3 antibody binding sites . After the incubation, the amount 
of iodine-125 labeled T3 bound to the antibody is inversely 
related to the amount of T3T4 present in the sample. 

In the antibody suspension of T3 kit, the antibody is covalently 
bound by magnetisable particles. Separation of the antibody 
bond fraction is achieved by magnetic separator and 
decanting the supernatant. By measuring the proportion of 
iodine-125 labeled T3 bound in the presence of reference 
standards containing various known amount of T3, the 
concentration of T3 present in unknown samples can be 
interpolated. 

2-2-2 Contents of T3 Kit: 

- 1 bottle iodine-125 solution in barbitone buffer with 
bovine serum albumin and ANS (8-anillino-1-
naphtalene sulfonic acid). 

- 1 bottle T3 antibody suspension with antimicrobial 
agent. 

- 6 vials T3 standards, with concentrations are 0, .5, 1, 
2, 4, 8 ngT3/ml. 

- 1 bottle NSB reagent for the determination of 
nonspecific binding, with antimicrobial agent. 
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2-2-3 Principle of preparation T3 quality control samples: 

Preparation of 3 stocks of T3 control pools in stripped 
human or different animal serum: 

• From T3 antigen with a molecular weight of 777, 3 
stocks of different concentration will be prepared. 

• Preparation of quality control pool will be as follows: 

- Weight in gram = Molarity x Volume x M.Weight 

1000 

• Stock 1 

Preparation of stock T3 solution of 0.002 mol/l concentration:-
W. in gram = 0.002 x 1 ml x 777 

1000 

Weight in gram = 0.00155 gram of Triiodothyronine. 

About 0.00155 gram of Triiodothyronine is dissolved in one ml 
stripped human serum to get stock 1 with concentration of 
0.002 mol/l. 

• Stock 2: 

Prepare of (1 ml serum) of 0.00004 mol/l concentration 

- M1 xV1 =M2xV2 
- 0.002 xV = 0.00004x1 ml 
- V = 0.02 ml = 2'0 jil. 

Twenty |il from stock one was taken and completed to 1 ml serum to 
get 0.00004 mol/l concentration. 
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• Stock 3: 

To prepare 1 ml stock of 0.000001 mol/l concentration: 
0.00004 x V = 0.000001 x 1ml 

V = 0.025 ml = 25 |il 

Twenty five \.i\ from stock 2 was competed to 1 ml with stripped 
human serum to get stock 3 with concentration of 0.000001 mol/l. 

2-2-4 Equipment and Material Required: 

- 120 ml stripped Human serum. 

Lot No: 051718 

Store At -20 c 

Non Reactive for HB and HIV (1 +2) Abs and HCV Abs. 

- Sodium azide (antimicrobial agent). 
- Distilled water 
- Disposable poly-styrene tubes. 
- Micropipette with disposable tips (50,200 500, and 

Hi). 
- Vortex mixer. 
- Magnetic separator. 
- Gamma counters suitable for measuring iodine-125. 
- Triiodothyronine (T3) antigen. 
- Spatula. 
- Rotators shaker. 
- External round ox. 
- Test tubes racks. 
- Eppendorf container. 
- Gloves. 
- Sensitive balance. 

33 



- Incubator. 
- Refrigerator. 

2-2-5 Preparation of reagents procedure. 

The normal range of Triiodothyronine in human body is 
from (0.8- 3 nmol/l) according to normal range applied by 
SAEC RIA laboratory. Samples with T3 concentration lower 
than 0.8 nmole/L are considered hypothyroid, where 
samples greater than 3 nmole/L were considered 
hyperthyroid. 

1- Preparation of low QCs T3 (QCs A) with concentration of 0.4 
nmol/l in 40 ml stripped human serum: 

M1 xV1 =M2xV2 

0.000001x109 x V = 0. 4 x40 ml 

V= 16 M.I 

From stock 3, 16 yi\ was taken and completed to 40 ml with 
stripped human serum. 

2- Preparation of normal T3 QCs (QCs B) with concentration of 
2nmole/l in 40 ml stripped human serum: 

M1 xV1 =M2xV2 

0.000001x10gxV = 2x40ml 

V = 80 \x\ 

From stock 3, 80 jil was taken and completed to 40 ml with 
stripped human serum. 
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3- Preparation of high T3 QCs (QCs C) with concentration of 6 
nmole/l in 40 ml stripped human serum: 

M1 xV1 =M2xV2 

0.000001 x109 xV = 6x40 ml 

V =240 nl 

From stock 3, 240 fJ was taken and completed to 40 ml with 
stripped human serum. 
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Chapter Three 
Results and Discussions 



3-1 Results: 

3-1-1 T4 QCs Results: 

Batch 
No 

1 

2 

3 

Total 
I 

No of 
Samples 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

QCs A 
Results 

(X) 
25 
30 
20 
19 
26 
17 
12 
20 
9 
36 
21 
37 
19 
20 
22 
25 
30 
20 
14 
40 
10 

472 

X2 

625 
900 
400 
361 
676 
289 
144 
400 
81 

1296 

441 
1369 

361 
400 
484 
625 
900 
400 
196 
1600 

100 

12048 

QCs B 
Results 

(X) 
60 
100 
70 
85 
100 
110 
130 
115 
90 
80 
120 
135 
70 
110 
100 
105 
120 
70 
75 
100 
90 

2035 

X2 

3600 
10000 

4900 

7225 

10000 

12100 

16900 

13225 
8100 

6400 

14400 

18225 

4900 

12100 

10000 
11025 

14400 

4900 

5625 

10000 

8100 

206125 

QCs C 
Results 

(X) 
190 
210 
230 
200 
205 
240 
210 
200 
205 
180 
220 
190 
185 
210 
230 
230 
175 
200 
208 
195 
215 

4328 

Xi 

36100 
44100 

5290 

40000 

42025 

57600 

44100 

40000 
42025 

32400 

48400 

36100 

34225 

44100 

52900 
5290 

30625 

40000 

43264 

38025 

46225 

898014 

3-1-2 Parameters used to determine T4 QCs results: 

1- The QCs were designed for RIA technique. 
2- Three pools of quality control samples (Low, Normal and High) 
concentration for T4 and T3 were prepared. 
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3- The prepared QCs were calibrated against Biorad External 
quality control include Randox 1, 2, and 3. 
4- The Randoxs for immunoassay control from Randox 
Laboratories LTD, United Kingdom BT 294 QY 

• Randox -1 REF IA2638 -395 EC. 
• Randox -2 REF IA2639- 397EC. 
• Randox -3 REF IA 2640-400EC. 

5- Seven replicates of each control sample were introduced in each 
assay. 
6- Three assays for T4 and T3 were performed containing the newly 
prepared control samples. 
7- The reagents used were obtained from China: Total thyroxine T4 
Radioimmunoassay Kit (M), IMK-437. For the quantitative 
measurement of T4 in human serum or plasma. 
8- Duplicate of Standards and patient samples were measured. 
9- WHO computer program soft ware for Data analysis was used. 
10- The concentrations of the newly prepared control samples in 
each assay were obtained. 
11- The mean of each quality control pool was calculated using this 
formula: 

The Mean(X) = IX 
n 

- X= The sample concentration. 
- n= the number of samples. 

11- The standard deviation (SD) of the mean was determined as 
follows: 

SD=JX2- (SXte/n 
n-1 

1^- The QCs range was determined as follows: 
The Range = the Mean ± 2 Standard Deviation. 
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3-1-3 T4QCsA: 

- EX = 472 
- X~ = 22.5 
-EX2 = 12048 
- (EX) 2=222784 
- n = 21 

f SD= /EX2 - (£X)27n" 
n-1 

SD 2048-222784/21 
20 

72 =8.5 

The 2 Standard Deviation = 2 x 8.5 = 16.97 
The Range = the Mean ± 2 Standard Deviation. 

= 22.5± 16.97 

= (5.5 39.5) 

The concentration of quality control sample A was ranging between 
5.5 and 39.97 nmole/L. 

3-1-4 T4QCsB: 
- EX = 2035 
- X~ = 97 
-EX2 = 206125 
-(EX)2=4141225 
- n = 21 

J' SD= /SX2 - (EX)27r7 
n-1 
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4 SD 06125-4141225/21 
20 

/ 
= J 446.17 =21.1 

The 2 Standard Deviation = 2x21.1 =42 
The Range = the Mean ± 2 Standard Deviation. 

= 97 ±42 

= (55 135) 

The concentration of quality control sample B was ranging between 
55 and 135 nmole /litter. 

3-1-5 T4 QCs C: 
- IX = 4328 
- X~ = 206 
-1X2 = 898014 
-(EX)2=18731584 
- n = 21 

SD =WSX2 - (£X)2/n 
n-1 

SD p/898014-18731584/21 

- / 

20 

301.7 = 17 

The 2 Standard Deviation = 2 x 17 = 34 
The Range = the Mean ± 2 Standard Deviation. 

= 206 ± 34 
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= (171 241) 

The concentration of quality control sample C was ranging between 
171 and 241 nmole/litter. 

3-2-1 T3 QCs Results: 

Batch 
No 

1 

2 

3 

Total 

No of 
Samples 

1 
2 

4 

5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 

20 
21 

QCs A 
Results(x) 

0.1 
0.6 

0.35 
0.42 

0.5 
0.6 

0.48 
0.9 

0.65 

0.45 
0.5 

0.35 
0.4 

0.38 
0.29 
0.4 

0.42 
0.41 
0.48 

0.5 
0.42 

•9.6 

X2 

0.01 
0.36 
0.12 

0.18 
0.25 
0.36 

0.23 
0.81 

'~0L42~ 
0.2 

0.25 
0.12 
0.16 
0.14 
0.08 
0.16 

0.18 
0.17 
0.23 

0.25 
0.18 
4.7 

QCs B 
Results(x) 

2 
2.1 
0.9 
2.3 

2.5 
2.1 

2 

2.1 
2.6 

2.2 
2 

2.4 
1.7 

2 
1.6 
1.9 

2.1 
2 

1.7 

2.1 
2 

42.3 

X2 

4 
4.4 

0.8 

5.29 
6.25 

4.4 
4 

4.4 
6.76 
4.84 

4 

5.76 
2.89 

4 
2.56 
3.61 

4.41 
4 

2.89 

4.41 
4 

87.7 

QCs C 
Results(x) 

6.2 
6 

6.7 
5.8 

7.2 
10.4 
6.9 
7.2 
5.8 

9.2 
6.2 
6.8 

7.3 
4.9 

8 
6.4 

6 

3 
6.2 

6.7 
6 

138.9 

X2 

38.44 
36 

44.89 
33.64 
51.84 

108.16 

47.61 
51.84 
33.64 

84.64 
38.44 
46.24 

53.29 

24.01 
64 

40.96 

36 
9 

38.44 

44.89 
36 

961.97 
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3-2-2 Parameters used to determine T3 QCs results: 
1- The QCs were designed for RIA technique. 
2- Three pools of quality control samples (Low, Normal and High) 
concentration for T4 and T3 were prepared. 
3- The prepared QCS were calibrated against Biorad External 
quality control include Randox 1, 2, and 3. 
4-The Randoxs for immunoassay control from Randox Laboratories 
LTD, United Kingdom BT 294 QY 

• Randox-1 REF IA2638-395 EC. 
• Randox -2 REF IA2639- 397EC. 
• Randox -3 REF IA 2640-400EC. 

5- Seven replicates of each control sample were introduced in each 
assay. 
6- Three assays for T4 and T3 were performed containing the newly 
prepared control samples. 
7- The reagents used were obtained from China: Total 
Triiodothyronine (T3) Radioimmunoassay Kit (M) IMK-438, for 
direct quantitative determination of T3 in human serum. 
8- Duplicate of Standards and patient samples were measured. 
9- WHO computer program soft ware for Data analysis was used. 
10- The concentrations of the newly prepared control samples in 
each assay were obtained. 
11 - The mean of each quality control pool was calculated using this 
formula: 

The Mean(X) = IX 
n 

- X= The sample concentration. 
- n= the number of samples. 

11- The standard deviation (SD) of the mean was determined as 
follows: 

SD= J X2 - (ZXte/n 
V n-1 

12- The QCs range was determined as follows: 
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The Range = the Mean ± 2 Standard Deviation. 

3-2-3-T3 QCs A: 
- IX = 9.6 
- X~ = 0.46 
- 1X2 = 4.6 
-(IX) 2=92.16 
- n = 21 

SD^J £X2 - (lX)2/n 
n-1 

SD= J 4.7-92.16/21 
V 20 

= J 0.03 =0.12 

The 2 Standard Deviation = 2 x 0.12 = 0.24 
The Range = the Mean ± 2 Standard Deviation. 

= 0.46 ± 0.24 

= (0.2 0.7) 

The concentration of quality control sample A was ranging between 
0.2 and 0.7 nmole /litter 

3-2-4 T3 QCs B: 

- ZX = 42.3 
- X~ = 2 
- SX2 = 87.71 
-(EX) 2=1789.4 
- n = 21 
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v^i SD= fex2 - (IXte/n 

4 SD = #87.71 -1789/21 
20 

/ 0.13 =0.36 

The 2 Standard Deviation = 2 x 0.36 = 0.72 
The Range = the Mean ± 2 Standard Deviation. 

= 2 ±0.72 

= (1.3 2.7) 

The concentration of quality control sample B was ranging between 
1.3 and 2.7 nmole/1. 

3-2-5 T3 QCs C: 
- SX = 138.9 
- X~ = 6.6 
-ZX2 = 961.97 
-(EX) 2=19293.21 
- n = 21 

SD /SX2 - (£X)27r7 
V n-1 

t he 1.97-19293.21/21 
20 

The 2 Standard Deviation = 2 x 1.49 = 2.9 
The Range = the Mean ± 2 Standard Deviation. 

= 6.6 ±2.9 

= (3.7 9.5) 
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The concentration of Quality control sample C was ranging between 
3.7 and 9.7 nmol/l. 

3-3 Discussion: 

Based on the normal Physiological range for the T4 and T3 as it's 
calculated and published by the literature we succeeded to obtain 
three pools of QCs as follow: 

• 3-3-1 ForT4QCs: 
1. T4 QCs A (5.5 to 39.5). 
2. T4 QCs B (55 to 135). 
3. T4QCsC(171 to 241). 
• 3-3-2 For T3 QCs: 
1-T3 QCs A (0.2 to 0.7). 
2-T3QCsB(1.3to2.7). 
3-T3QCsC(3.7to9.5) 

Our free hormone serum was prepared from human serum to avoid 
matrix effects which are recommended by Ray Edwards, in contrary 
to G. Gordon Steel who preferred using animal free serum to avoid 
biological Hazards, but using animal serum may lead to different 
matrix effect and may affect the quality and accuracy of the assay. 

The basic construction of the control chart of the mean shows the 
relation with the normal distribution of the data around the mean. The 
interpretation and practical use of control charts is based on a 
number of rules derived from the probability statistics of the normal 
distribution. When a control values falls within a distance of one STD 
the range of QCs pool is narrow and a lot of results will be out of 
acceptable value. The basic assumption is that when a control and 
the results falls within a distance of two STD from the mean, the 
system was under control and the results of the patch as a whole can 
be accepted. 

A control results beyond the distance of two STD from the mean(the 
warning limit), signal that something may be wrong or tends to go 
wrong, while a control results beyond three STD(action limit) 
indicates that the system was statistically out of control and that the 
results have to be rejected. 
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The physiological normal range of Thyroxine in human body is 
ranging between 50 and 150 nmol/liter and Triiodothyronine ranging 
between 0.8 and 3nmol/liter,according to Sudan Atomic Energy 
Commission (SAEC) RIA laboratory, using RIA method for T3 and T4 
assays our QCs was designed to be applied in RIA technique. For 
other method these values should be recalibrated. 

3-4 Recommendations: 

1- Using quality control to ensure that errors in the analytical data are 
only accepted in a certain range. 
2- Using minimum three QCs pools in each batch with different 
concentration (low, normal, high). 
3- The same pools of QCs should be used in a minimum of 20 assays 
for assay reproducibility. 
4-Every individual lab should calculate it is own normal range and 
QCs values. 
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Chapter Four 

The References 
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- Joint FOA/ IAEA Programme - Animal Production and 
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*- Quality Control of DATA in 
Radioimmunoassay Techniques. 
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4-2 PRTOCOL 1 

IIRreparation of liquid control material for use in IQCI3 

Equipment and reagents 

1- specimens that have been tested by the methods for which the pool is to be used 
and stored under suitable conditions, and the results of the analyses 

2- Tests for infective hazards (hepatitis B and C, HIV etc), or the results of such 
tests. 

3- Filtration apparatus (filtration down to 0.2 microns ) 
4- Tubes with tightly fitting caps for storage 

Method 

1- Identify enough samples of the test material (eg serum, 
plasma) to provide sufficient volume for control samples for 
at least 50 assays. Screen the samples for infective hazards. If 
the virological tests are sufficiently sensitive it may be 
possible to screen sub-pools (eg. Up to three mixed 
specimens). Discard infected samples by the locally agreed 
procedure. 

2- Group samples according to analyte concentration so as to 
give a set of pools of different concentrations, preferably at 
levels representing cut-offs or other decision criteria. If 
necessary, store frozen temporarily. 

3- Pool each group of samples and mix gently. Stand at 4 C° 
overnight. In some serum or plasma pools, a protein 
precipitate may develop. This can be removed by Alteration. 

4- Check the analyte concentration of each pool by assaying an 
aliquot. (If necessary the concentration can be increased by 
addition of a calculated amount of purified analyte in a very 
small volume.) 

5- Dispense suitable aliquots (minimum volume 0.5 ml) into 
tubes for storage, (use of smaller volumes may risk erors due 
to sample evaporationwhile frozen). Store at -30C° 

***This protocol is of Dr. J Seth. It will appear in his chapter, entitled 
quality assurance, in immunoassay: a practical approach, ed J Gosling, 
Oxford university press; 1999. 
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4-3 PROTQCQL2 
Preparation of control chart 
Equipment 

1. Graph paper, ruler, pencil, eraser 

Method 
1. Prepare the chart as shown in figure below, with 'Run 

number' along the x axis and the IQC result as the 
"Deviation from mean (%)" on the y axis. Scale the y 
axis in units of relative error (hopefully from -25% to 
+25%). [Scaling in concentration units is best avoided 
as, in most immunoassays, the standard deviation 
increases markedly with concentration.] Where there 
resluts for more than one QC are being considered , it 
is convenient to have these on a single sheet of paper 
above a common x axis. 

2. Mark on the chart the identity of the IQC specimen, and 
its mean and between-run CV (as previously estimated 
using protocol 2). 

3. Draw horiztal lines at +1 CV, ±2 C, and +3 CV around 
the zero line.[IN the example chart, for an immunassay 
with a between-run CV of 7%, the lines are draw at 
±7%, ±14%, and ±21%.] 

4. Plot IQC specimen results on the chart at time of each 
assay run. It is helpful in reviewing assay performance 
to note on the chart all changes in reagents and 
standards with the run number. 

***This protocol is of Dr. J Seth. It will appear in his chapter, 
entitled quality assurance, in immunoassay: a practical 
approach, ed J Gosling, Oxford university press; 1999 
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4-4 PROTOCOL 3: 
preparation of liquid control material for use in EQG 
[Essentially the same protocol J.J 
Equipment and reagents 

1- Normal serum of sufficient volume for preparation of the 
pools required. 

2- Specimens of sufficiently high analyte concentration to 
permit their dilution to prepare pools of approprite 
concentration. The specimens should have been tested by a 
reliable method for the particular analyte and stored under 
suitble conditions, and the result of the anslysis should be 
avilable. 

5- Tests for infective hazards (hepatitis B and C, HIV etc), or 
the results of such test. 

4- Filtration apparatus ( filtration appratus ( filtration down to 
0.2 microns if on comercial filters). 

5- Tubes with tightly fitting caps for storage . 
Method 

1- Determine how many specimens are required for the EQA 
programme. 

2- Group samples according to analtye concentration so as to 
give a set of pools of different concentrations, preferably at 
levels representing cut-offs or other decision criteria. If 
necessary, store frozen temporarily. 

3- Pool each group of sample and mix gently. Stand at 4°C 
overnight. In some serum of plasma pools, a protein 
precipitate may develop. This can be moved by filtration. 

4- Check the analyte concentration of each pool by assaying an 
aliquot. [ If necessary, the concentration can be increased by 
addition of a calculated amounts of purified analyte in a very 
small volume.] 

5- Dispense suitable aliquots (minimum volume 0.5 ml) into 
tubes for storage. Use of smaller volumes may risk error due 
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to sample evaporation while frozen. Store at -30 °C if 
possible. 

6- Occasional preparation of recovery specimens containing 
known amounts of the relevant International Reference 
Preparation is desirable. 

***This protocol is of Dr. J Seth. It will appear in his chapter, entitled 
quality assurance, in immunoassay: a practical approach, ed J Gosling, 
Oxford university press; 1999. 
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