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The question that haunts an analytical chemist at the end of an analysis is the reliability of the 
data produced. Based on these values, important decisions may be made on government policy, 
health promotion, consumer protection and product development. There may also be legal issues 
involved if the analysis was conducted to meet some legislative requirements. Analytical accuracy 
is also part of successful performance in a Laboratory Accreditation Scheme. 

Adherence to broad quality control and quality assurance protocols can provide some place of 
mind. 

Quality control refers to a planned system of activities whose purpose is to control the quality of a 
product or service. 

Quality Assurance refers to a planned system of activities whose purpose is to ensure that the 
quality control program is effective. 

Standard Quality Control Activities 

• employment of qualified and experienced analysts 

• use of standard or official methods validated for the test sample 

• use of reagent blanks, spikes, laboratory controls and certified reference samples 

• use of control charts 

• use of replicate analyses 

• adherence to principles of Good Laboratory Practice in regard to: 

• staff training 

• equipment maintenance and calibration 

• staff management and supervision 

• sample management including identification, integrity and control 

• data reporting and audit 

• accreditation by external organisations 

Standard Quality Assurance 

• in-house test sample program 

• external check sample program 

• participation in interlaboratory proficiency studies 
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• regular audits of adherence to principles of Good Laboratory Practice particularly in regard to: 

• instrument calibration and maintenance 

• acceptable recovery rates of spiked and reference samples 

• sample integrity (particularly when testing for labile analytes) 

• data recording and interpretation 

• audits by external organisation 

As laboratory analyses are increasingly used in legal cases or as part of the international trade 
requirements, laboratory audits leading to accreditation are becoming increasingly important. 
Requirements for such accreditations under International Standards Organisation regulations is 
Code 25 for Analytical Laboratories and may be pursued from that organisation or by national 
bodies such as TELARC (now IANZ) in New Zealand and NATA in Australia. Such accreditation 
is time-consuming and costly (perhaps US$20,000 for original accreditation and $5,000 annually 
for audits) and should only be pursued if the above types of quality control and assurance 
procedures are already in place. 

The Institute of Applied Science has been moving toward accreditation for some years now and 
hopes to complete this process within a year. This requires the careful detailing of all procedures 
employed in the labotatory, from instrument calibration and use to staff training, sample handling 
and record keeping to standard operating procedures for all methods used. 

The use of external benchmarks such as reference materials are a key element of a quality 
assurance program. They can provide assurances that the extraction method has fully removed 
the analyte without change and that no bias has been introduced by the method, machinery, or 
analyst in performing the analysis and interpreting the data. 

A reference material is defined by the ISO Guide 43 as "a material or substance one or more 
properties of whi.ch is or are homogeneous and established to be used for the calibration for an 
apparatus, assessment of a measurement method or for assigning values to other materials~. 

A good reference material should have the following qualities: 

• be representative of material being analysed and in the appropriate matrix 

• appropriately prepared with sufficient homogeneity and stability with respect to macro and 
micro nutrient content over time 

• containing desirable amounts of components of interest, with minimal or no contamination 
from other materials or equipment 

• covering a wide range of components and supplying each certified or consensus value with 
its degree of uncertainty 

• reasonably cheap and relatively easy to obtain 

In the last decade great progress has been made in developing reference materials for a wide 
range of analytes in a range of matrices. Considerable time and effort is required to ensure the 
above criteria are met and costs are high at around US$200/50 g. 



3 

Once again, however, devoting resources to check accuracy of one's methods should only be 
done if other more basic measures have already been perfonned successfully. 

Data Reliability - Accuracy versus Precision 

The terms accuracy, precision and reliability are often interchanged by people wanting to 
describe some correct or factual information. Even scientists may use any of these descriptions to 
define the quality of their experiments, data or conclusions. Because sources of error may differ, 
it is important to use the correct terminology to describe the 'quality' of data derived from a set of 
experiments or measurements. 

Accuracy is getting the right result 
Precision is getting the same result 
Reliability is getting the same results right 

Whilst both accuracy and precision are important from the end-users' view, it is perhaps more 
relevant from a 'management' point of view that the analyst or process gives the same result 
every time (within acceptable limits). 

One of the first recollections of analytical practical is a simple acid-base titration. The instructions 
are to undertake the analysis in triplicate. Considerable importance is placed on establishing and 
improving the student's responsibility i.e. get the same result every time. 

It is generally easier to correct or adjust for a systematic bias or error than to correct random 
variations due to operator inexperience or inattention. 

Too many analysts participate in proficiency and other collaborative studies when they do not 
have adequate experience in the methodology or with the matrix under test. This was particularly 
evident in a recent proficiency study on the composition of prepared food samples undertaken in 
Indonesia. For every determination, several laboratories reported unacceptable within-laboratory 
precision suggesting poor analytical skills or unfamiliarity with the methodology. 

It is important for analysts and laboratories to take steps to improve operator precision before 
focusing on data accuracy. It is therefore more relevant for laboratory managers to employ 
suitable control samples to establish and maintain acceptable levels of precision than to allocate 
valuable resources on certified reference materials or proficiency studies. 

There are many off-the-shelf food products which are suitable as laboratory control samples 
provided that they are appropriately packed, have acceptable within-batch homogeneity and are 
stable over time. 

This kind of useful reference material is called an in-house standards. These are usually store
bought packaged products available cheaply in large quantity and batch processed. These 
materials can be used for initial precision testing and also test homogeneity. Once homogeneity 
has been established individual samples can be stored and analysed periodically to determine 
stability. If stable, these materials can serve as a control in some aspects of quality assurance. 

The following materials have been used for precision measurements for food nutrient analysis in 
our laboratory. 

' 



Material 

Tang (powdered orange drink) 
Wheat Genn 

Spam 

Fish Oil 
Milo Powder 
Wheat Flour 
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Analyte 

Vitamin C 
Thiamin 
Riboflavin 
Niacin 
Fatty Acids 
Cholesterol 
Fatty Acids 
Fatty Acids 
Individual Sugars 
Moisture 
Protein 
Ash 
Starch 
Thiamin 
Niacin 
Total Dietary Fibre 
Minerals 

Each material is initially analysed ten times to ensure that acceptable precision is achieved. This 
coefficient of variation (standard deviation divided by analytical value) should generally be less 
than 10%. It is then recommended that this in-house standard be analysed regularly when batch 
analysis is being perfonned. Values are then plotted on a control chart (Figure 1) in which the 
data is plotted as a time series versus the original mean value. If the method is working the value 
should fluctuate around the mean within ±2 standard deviations. If a regular linear movement 
away from the median is noted, especially when the value is more than 3 standard deviations in 
error, it is likely that there is a problem with the analytical method and all possible sources of 
problems should be checked. 

Developing a new analysis or introducing quality assurance into existing analyses can seem like 
a daunting task. It certainly seems so but a gradual systematic approach will achieve the desired 
results. 

1. Choose an appropriate method 

This is a key first step. There are often several methods for a given analyte and a number 
of factors including purpose of analysis, sample matrix, analyst expertise and available 
machinery can affect what method should be chosen. In this and other matters it is useful 
to establish a relationship with an established expert laboratory which can give advice. 

It should be noted that the most "modern" method may not be the most appropriate one 
especially in a developing country laboratory. In developed countries high labour costs 
often dictate the use of expensive machinery which minimises analyst time whereas in a 
developing country the cost of such machinery may be prohibitive. Analytical advances 
also aim toward increased accuracy and sensitivity which may not be necessary for the 
analysis needed. 

These factors all need to be understood for the various methods. Unfortunately such 
understanding is usually not included in method manuals and other explanatory literature 
is needed. As in all science matters, a careful literature review at the start must be 
perfonned and will usually prevent many later headaches. 
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2. Conduct precision testing of the method 

A material that could possibly be used as an eventually in-house reference material 
should be analysed at least ten times by more than one analyst, if possible. An ability 
to achieve reproducible results is a necessary first step to consider a method 
acceptable. It is useful to have more than one analyst involved in these analyses to 
ensure that operator bias is not likely to be a problem. 

3. Perform recovery studies 

Most analytical methods require some sort of extraction procedure and often a 
separation or clean-up step. It is necessary to ensure that the method extracts all of 
the analyte from matrix and there is no loss of the analyte during later steps. 

Typically the analyte is added to the sample at a level similar to that in the sample. An 
analytical value of the spiked sample less the sample value should give the amount of 
added analyte within ±10%. 

4. Check accuracy of method 

With precision and analyte integrity established, it should now be established if the 
method gives the "right" answer. This involves the analysis of a sample with a known 
answer (preferable unknown to the actual analyst). This can be a value on a product box 
in the nutrient panel or a standard reference material or left-over sample previously used 
in a scheme to check laboratory performance for which a large number of laboratory 
values are used to calculate the correct value. Such samples are available from a wide 
variety of sources. 

5. Establish a regular quality assurance program 

Once a method is established to be working in a given laboratory, one has to make sure 
that it keeps working. This is where the regular use of duplicate analyses, recoveries, in
house standards, certified reference materials and control charts are needed to achieve 
the assurance that the method is working. Normally several samples will be analysed at a 
time and some of the above tests should be included in each sample batch. 

6. Other considerations 

Of course most analyses use machinery and so a regular program of maintenance and 
calibration is a key basic requirement in any laboratory. At the Institute of Applied 
Science monthly calibration tests that correlate to primary standards are used and every 
six months overseas experts arrive to check all machinery. 

An often-overlooked aspect of analytical quality is sampling. For many analyses the 
material being analysed is meant to represent a much larger sample and so a well
thought out sampling plan is a critical requirement. Poor sampling is often the cause of as 
much error in analysis as the actual error in the an .. alytical procedure. 
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Conclusion 

Although the challenges are formidable, strict adherence to a sensible quality assurance plan can 
ensure that quality results can be obtained in analytical laboratories in the South Pacific. This is 
shown by the fact that the Institute of Applied Science at USP has recently been nominated as an 
expert laboratory in food analysis by the United Nations Food and Agriculture Organisation 
(FAO). This has been the result of nearly a 15 year program that has not been without its 
problems but with a defined goal, perseverance and some funding assistance this is possible. 


