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Abstract
Assuring quality of test results is very vital, although this study only covered minimum of three ways of
assuring the validity of results but is was evident that these methods can be used as basic approach of
assuring quality of results.

1. Introduction

Laboratory services are an essential component of water quality delivery. They can be utilized effectively at every
level of the water quality system, including water treatment and point of compliance testing. Quality laboratory results
are required to support water treatment plant optimisation, rationalize and monitor treatment, for chemical balance
and dosage purposes.

Provision of valid and credible results is very crucial to the laboratory since failing to provide analytical services does
not only impact water treatment plants however; it also impacts the end user (consumers at home) as the water
treatment or purification requires laboratory results for treatments plants to be optimised. This also put accreditation
in question since one of ISO/IEC 17025:2017 requirements are to produce valid and credible results timeously as well
as meeting customer needs.
According to Angmo et al. (2015), Testing Laboratories are employed by all types of businesses to contribute objective
analytical data on the quality of a process or a product. The purpose of establishing laboratory quality standards is to
ensure the accuracy of test results, increase the confidence of customers, stakeholders, and communities in the value
of provision of essential services such as Water. All laboratory activities may be subject to errors, and studies have
shown that errors in the laboratory can occur in all the phases of testing. Nkengsong et al. (2016).

Currently the WTL is struggling to achieve credible and valid test results for Nitrate method. There is an inconsistency
of Nitrate levels in water tested which makes it difficult to make decisions for plant optimisation. Nitrate test method
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was implemented in 2016 however assuring the accuracy of the results has seem to be a problem based on Quality
Control, Proficiency Testing failures and inconsistency of water matrices tested.
Establishing and maintaining laboratory quality standards are essential. This document presents a minimum and basic
ways of assuring accuracy and validity of test results in the laboratory, this can extend to all test methods where
applicable. Set of standards that can be readily adapted by countries and applied to laboratories at every level of the
laboratory system.
Suggestions are also provided on ways to implement them. They are important for several reasons, including ensuring
the quality and traceability of test results; supporting water treatment plants in decision making and compliance with
national or international accreditation and licensing systems.

2. Methdos Of Assuring Accurancy Of Results In The Laboratory

•
•
•

To produce valid and credible results for testing items, certain process should be implemented before, during and after
testing in order to a confidence in of results produced. All steps are vital as they plan a significant role in the end
results and customers can have confide in results produced. There are several ways of assuring validity of test results
in the laboratory that have been proven to be effective but not limited to the following:
Selection and validation of test methods
Quality Control (QC)
Proficiency Testing (PT)

2.1 Selection and validation of test methods
The first step to assure the accuracy and validity of results is to validate or verify test method in your facility, under
your own controlled environment thus; Method Validation (MV) as defined by IUPAC, Harmonized guidelines for
single-laboratory validation of methods; is the process of establishing, the performance characteristics and limitations
of a method, the identification of the influences that may change these characteristics and the extent of change. It is
also a process of verifying that a method is fit for purpose, i.e. for use in solving a particular analytical problem.
2.1.1

Selection of methods
Methods can be selected from any recognised National or International standards are be in-house developed by the
laboratory. The WTL select recognised standard methods that are published in international or national publications.
The methods mainly used in the laboratory are based on methods published in “Standard Methods for the Examination
of Water and Wastewater” CLESCERI LS, GREENBERG AE, and TRUSSELL RR. This includes Nitrate test method
analysed using Gallery instrument. The relevant, additional details to supplement the standard method can be used i.e.
Specifications supplied by the equipment’s manufacturer and in this case Gallery instrument manual will be utilised
where applicable.

2.1.2

Validation of test methods
There are certain parameters there need to be tested before the method is declared fit for it intended purpose. The
following parameters adopted from SANAS TR26 document and IUPAC, Harmonized guidelines for singlelaboratory validation of methods of analysis were used to validate Nitrate test method:

•

Accuracy

© IEOM Society International
2815

Proceedings of the International Conference on Industrial Engineering and Operations Management
Dubai, UAE, March 10-12, 2020
Accuracy is the measure of how close are the results towards the known or “true” value, this is achieved by analysing
a sample with known concentrations (e.g. certified reference material and Proficiency Testing Samples) and
comparing the measured value with the true value as supplied with the material.
The laboratory assessed accuracy by analysing PTS samples the laboratory and the Z-scores were calculated using
equation below. The ideal Z-score is zero and values outside the range of +2 and -2 are questionable.

•

Reproducibility Precision/ Ruggedness/ Ruggedness
The precision of measurement of the Matrix of interest was assessed using the same method performed by a single
analyst over a longer period of time or performed by different analysts over a shorter/longer period of time.
Reproducibility was assessed using same method and analysed on different instruments. %RSD as a measurement of
relative error was calculated using the formula below:

%RSD = 100SD/x

•

•

Limit of Detection (LOD)
The LOD is the smallest concentration of an analyte in the test sample that can be detected but not necessarily
quantified. The IUPAC method is used to determine the limit of detection. This was done by analysing a blank sample
seven times and the standard deviation was calculated as per formula below:
LOD = Mean + 3 x Standard Deviation
Limit of Quantification (LOQ)
Limit of Quantification (LOQ) is the lowest concentration of an analyte in a sample that can be determined with an
acceptable level of repeatability precision (%RSD ≤10%) and recovery (80% – 120%). This was assessed done by
analysing a blank sample seven times and calculate the standard deviation.
LOQ = Mean + 10 x Standard Deviation

•

Reporting Limit
Reporting limit is similar to the LOQ, and it was chosen to simplify the reporting of results. It was noted that
reporting limits must always be greater or equal to the LOQ. Also, reporting limits must be less than or equal to the
requirements of the latest South African National Standard of drinking water:241 (SANS 24) and General Standard
for Wastewater.

•

Recovery
Recoveries were measured by spiking the sample matrix of interest with a known concentration of reference material.
After the samples are analysed, the results were compared with the known concentrations, and the recovery was
determined. The acceptable criterion for recoveries is 80% to 120%. The percentage recoveries were calculated using
the following formula:
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C

s is the spiked sample concentration, C is the sample background concentration (unspiked sample) and is
Where
the concentration equivalent of analyte added to the sample.

•

Linearity
Linearity is the ability of a test method (within a specific range) to obtain test results that are directly proportional to
the concentration (amount) of an analyte in the sample. This was calculated by an instrument during the calibration
using standards of different concentration. The acceptable r2 ≥ 0.995

•

Sensitivity
From the regression equation for a straight line: y = mx + c, a method was calibration-sensitive when the slope (m)
of the calibration graph was ≠ 0.

•

Scope
The scope of a test method was demonstrated by selecting samples to cover different type of sample matrices. These
samples are normally surface water (river water, lake water and dam water), sewage (wastewater), borehole (ground
water) and potable water.

•

Bias
This is the tendency of a test method towards delivering a result that is skewed from the “true” value. It is the
difference between the experimental mean (obtained value) and the “true” value and is generated from a total
systematic error as contrasted to random error. There may be one or more systematic error components contributing
to the bias. This was done the same way as reproducibility precision/ ruggedness. Bias was determined by analysing
33 Quality Control standards over a period of a month. The acceptable bias is within ±5% and was calculated as
follows:

Bias

2.2 Quality Control charts
The second way of ensuring quality of results is through the use of quality controls which is defined as the use to
monitor the performance of each test method. QCs are often analysed prior analysis to maintain confidence of
calibration status. The process starts by analysing standard solutions which are expected to form a linear calibration
curve with correlation coefficient (𝑟𝑟 2 ) which is derived from the formula ( 𝑥𝑥 2 + 𝑦𝑦 2 = 𝑟𝑟 2 ) of 0.995-1.000.

There are rules of the chart as per Shewhart methods that need to be followed before one can say results are accurate
and credible. Those rules are uses mostly biasness in terms of mean, ±2 Sigma (±2δ) and well as ±2 Sigma (±3δ).
These ae often known as limits and the chart shall behave in a certain way in order to be sure that instrument is
performing optimally.
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2.2.1

Establishing QC Limits
When a method is being validated, QC limits must be 90% to 110% of the “true” value. When the validation was
complete, a minimum of 30 QC results was used to establish the limits as follows:
Mean (ẍ) = sum of the QC results/ number of the QCs
Standard deviation (sd) = {(∑XI - X)2 / (N-1)} ½
Relative standard deviation (RSD) = sd x 100%/ ẍ
Acceptable RSD must be ≤10%
Upper Control Limit (UCL) = 1.10 ẍ
Upper Warning Limit (UCL/+Bias) = 1.05ẍ
Lower Warning Limit (LCL/-Bias) = 0.95ẍ
Lower Control Limit (LCL)
= 0.90ẍ

2.2.2

Plotting of QC charts
QC charts was plotted by recording the QC results of the determinant of interest in the QC chart of the Nitrate test
method and instrument of interest. This was done before reporting the test results which appears on the same results
sheet with the QC/s being plotted.

2.2.3

Proficiency Testing (PT)
Proficiency Testing (PT) is the evaluation of participants’ performance against pre-established criteria by means of
interlaboratory comparisons. PT has become an essential aspect of laboratory practice in all areas of testing.
In addition, any laboratory that needs to demonstrate the quality of its analytical results in an independent way should
participate in PT schemes, as the quality of the analytical results is directly linked to the quality of service or product,
as well as market credibility and brand image.

•
•
•
•
•
•
•
•
•

Participation in PT schemes is an essential tool to demonstrate the technical competence of a laboratory as it allows
for the following:
Comparison of a laboratory's own results with those obtained by other laboratories.
Confirmation of the correct initial validation of a method;
Use the data obtained from participating PT schemes for validation of measurement methods;
Determine systematic errors;
Improve the test method used;
Learn from the methods used by other laboratories;
Monitor the accuracy and precision of a method;
Encourage collaboration between laboratories; and
Demonstrate technical competence against third parties.
For quantitative examinations, participant performance was assessed using the z-score and the following interpretation
is given to results:
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3. RESULTS AND DISCUSSION
The following results were obtained from Nitrate test Method Validation, Quality Control as well as PT.
3.1 Nitrate Method Validation
All data obtained during this validation is summarized in Table 1 below. Definitions, full data and statistical
calculations are also included for most parameters.
Table 1: Summary Nitrate validation results (Full report as an annexure)

II

Parameter
Linearity
Range
Correlation co-efficient
(r2)
Sensitivity (Slope)
Accuracy

III

Recoveries

IV

Scope

V

Repeatability Precision

VI
VII
VIII
IX
X
XI

Reproducibility Precision
Limit of Detection
Limit of Quantification
Reporting limit
Bias
Specificity/Selectivity

I

All

Results
0.5 mg/l – 10 mg/l
0.9995
0.230
SABS water check PTS samples were within the
acceptable range (-2 < Z-score < +2).
Potable water: 84% - 116%
Surface water: 86% - 110%
Ground water: 90% - 116%
Wastewater water: 94% - 110%
Potable water, Surface water, Ground water and
Wastewater
0.5 mg/l: %RSD = 0.92%
5.0 mg/l: %RSD = 0.32%
10 mg/l: %RSD = 3.66%
5 mg/l: %RSD = 3.19%
0.25 mg/l
0.28 mg/l
0.5 mg/l
+2.16%
Recovery: 84% - 116%

results

obtained above were found to be within specified criteria therefore Nitrate test method was deemed fit for intended
use.
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3.2 Nitrate QC Charts
QC charts limits data was collected during method validation and the plotted using daily QC results obtained with
each set of analysis in order to ensure that the instrument is performing optimally and producing quality of results
which are accurate and valid.
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Figure 1: QC chart: Nitrate for June-July 2019

Figure 2: QC chart: Nitrate for August 2019
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Figure 3: QC chart: Nitrate for September 2019
All the results obtained during the period of June 2019 to September 2019 as per figure one to figure three are
trusted to be valid and accurate based on QC where there is no negative nor positive bias also, no breaches
occurred. All the QC results were within established limits which gives assurance of the performance of the
instrument and the quality of test results produced.
3.3 Proficiency Testing
PT are analysed quarterly as per lol PTS provider schedule, Figure 4 below summaries the z-scores obtained.

Figure 4: Nitrate PTS Trends as per sample
As per figure 4 above, the Z-score has not been satisfactory from the period of November 2017 to November
2018, the laboratory was having high volume if outliers which has been reoccurring. The Z-scores obtained
exceeded Z-score limits (±3) some results were not perfect because there were above ±2 which is regarded as
questionable. However; after the method was validated, have Quality Controls in place the method is now
performing accurately from February 2019, May 2019 and August 2019. There have been no outliers noted.
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4.

CONCLUSION
The results obtained from PT are also an evident that proper method validation as well as implementation of QCs
yields positive results. Implementation of Method validation, QCs and PT has assisted the laboratory to be able
to asses Nitrate test method through PT outliers, QC breaches and method validation results, since then; there
have been no uncertainty and inconsistency on Nitrate test results which had increased customer satisfaction and
the level of confidence in the results we produce.
This study did not help the laboratory to assure quality of Nitrate results however; the laboratory also benefited
from monitoring the accuracy and precision of a method, encourage collaboration between laboratories through
PT and demonstrated technical competence against third parties

5. RECOMMENDATIONS
•
•
•
•

After the study, the following recommendations were made:
To apply all the techniques, use on this study in all test methods
To periodically re-validate test methods
To periodically review QC limits by calculating using historic data
To implement other ways of assuring quality of test results as this study only covered basic techniques

6. REFERENCES
1. Angmo, D. and Kant, S., 2015. Six sigma implementations in healthcare industry: Past, present
and future. Int J Eng Res Technol, 4, pp.1078-82.
2. Nkengsong, J., Boeras, D.I., Abimiku, A.L. and Peeling, R.W., 2016. Assuring the quality of
diagnostic testing: The future is now. African journal of laboratory medicine, 5(2), pp.1-2.
3. L Clesceri, A Greenbag and A. Eaton, Standard Methods for the Examination of Water and
Wastewater, 21st edition, 2005, 1-8 – 1-21.
4. Rodger B. Baird, Andrew D. Eaton and Eugene W. Rice, Standard Methods for the
Examination of Water and Wastewater, 22rd edition, 2012, page 1-48.
5. Blessy, M.R.D.P., Patel, R.D., Prajapati, P.N. and Agrawal, Y.K., 2014. Development of forced
degradation and stability indicating studies of drugs—A review. Journal of pharmaceutical
analysis, 4(3), pp.159-165.
6. 7.2
De Beer, W. 2009. Statistical Method Validation for Test Laboratories Course
Material.
7. SANAS document TR 26-03, Criteria for validation of methods used by chemical laboratories
in the coal, oil petroleum, metals and minerals, food, water and relat-ed industries.
8. IUPAC, Harmonized guidelines for single-laboratory validation of methods of analysis, Pure
and applied chemistry, 74, 2002, 835 – 855.

© IEOM Society International
2823

