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[bookmark: _Toc57208069]Introduction

Surface water, ground water, leachates and effluents are all samples that are tested at UKAS Accredited laboratory, Harbourside within Tata Steel Port Talbot. UKAS is the “UK’S National Accreditation Body” that are responsible for “determining the technical competence and integrity of organisations offering testing, calibration and certification services” (UKAS, 2020). The UKAS accreditation accorded to the Harbourside laboratory designates that the laboratory is “formally recognised as competent to perform specific processes in a reliable credible and accurate manner” (UKAS, 2020), where numerous tests, in accordance with ISO 17025:2017 requirements, are conducted on a variety of samples.
The team accredited to carry out these tests includes a technologist, a technician and occasionally an analyst. Following UKAS instructions samples requiring pH and conductivity (EC) tests must be conducted within 24 hours in order to receive a true value for that sample. 
The samples must be kept in a controlled environment throughout the process until tested and when sampled, the bottled sample must be placed into a cool box to control the temperature for delivery to the laboratory. 
The pH of a sample can be effected by temperature changes, as according to Le Chatelier’s Principe, “if a dynamic equilibrium is disturbed by changing the conditions, the position of equilibrium moves to counteract the change” (Clark, 2013). By applying Le Chatelier’s principle to the temperature of water and its pH level, the increase of the water temperature prompts the equilibrium to lower the temperature, as this involves absorbing heat which creates more hydrogen and hydroxide ions, lowering the pH of the water (Gillespie, 2018). 
The measurement of the ability of a liquid solution to transfer an electrical current is the measurement of conductivity (EC). Ions carry the current and consequently the conductivity increases with the concentration of ions present in the solution (Zhuiykov, 2019 ). As stated by (Gillespie, 2018), The increase in temperature involves absorbing heat, subsequently creating more hydrogen and hydroxide ions, therefore it can be concluded that as the temperature rises the conductivity value will also increase (Gillespie, 2018). 
An external company, Geotechnology conducts the sampling on behalf of Tata Steel. In accordance with the service level agreement between Geotechnology and Harbourside laboratory, the samples should be obtained and delivered to the laboratory on the same day or within 24 hours of sampling. From the receipt of sample at the laboratory, technicians then have 24 hours to carry out tests. The laboratory technicians work 8 hour day shifts so samples cannot be delivered past 4 o’clock in the afternoon nor can they be delivered on a Friday (Davies & Barnes, 2020).
The problem that currently exists is that the samples are arriving late in the afternoon, thereby delaying the analysis time. 
In order to improve the process, the DMAIC (Define, measure, analyse, improve, control) cycle can be applied. This cycle is a data-driven quality strategy that can be used to apply continuous improvement to an organisation, improving customer satisfaction as well as quality in the organisation (Terry, 2020). 
[bookmark: _Toc57208070]Define Stage
The key motive of this stage is to start with identifying the problem that needs a solution and ends with a clear understanding of the issue and how it is going to be resolved (Monika Smetkowska; Beata Mrugalska, 2018). 
During the define stage of the DMAIC approach the problem must firstly be identified. Following the identification of the problem it is then refined so the team has a clear understanding of the issue(s) that is/are to be investigated. The team needs to organise and assign roles and responsibilities in order to appropriately resolve the problem whilst establishing goals and milestones to continuously review the progress of the project. The customer(s) along with their needs and expectations, also are to be recognised at this point. 
[bookmark: _Toc57208071]Problem Statement 
The Harbourside laboratory via Geotechnology, provide a service to our customer ‘Environment’ by delivering accurate analysis of the various water samples around Tata Steel Port Talbot and LLanwern sites in a timely manner. Through service level agreement meetings combined with the UKAS guidance, 24 hour sampling time and 24 hours of analysis on receipt of samples were agreed. Harbourside laboratory have received a number of corrective action reports from Environment for breaching the 24 hour analysis turn around deadline. Quick analysis turn around is critical for the accuracy and quality of results if samples are not kept in a controlled environment. 
Typically, Geotechnology are delivering samples to the laboratory permitting an average of 9 hours for testing and analysis to be completed. However, often due to the volume of samples delivered some analysis is breaching the agreed time to test timeframe. Environment, have expressed concern of the breaches and require that improvements must be made to address the current issue and therefore agreed to review the set timescale established for the pH and conductivity tests in order to mitigate the risk of exceeding the agreed deadlines. 
An investigation is carried out where the same batch of samples are tested on arrival and then daily for 7 days to monitor the drift of pH and conductivity over the course of a week. The samples are kept in at a controlled temperature of 10˚C when analysis is not being carried out. The purpose of this investigation is to determine when the pH and conductivity of the samples begin to change to in order to give a comprehensive time frame for those particular test in order to limit the number of breaches incurred. 

The problem statement is:
‘Our customers, Environment, are dissatisfied with the failure to meet the agreed time to test of 24 hours. Currently samples are arriving too late to turn around all the analysis in the 24 hour time frame, where samples are typically arriving with only 9 hours for testing and analysis to be complete. This project aims to reduce the number of time to test unconformities by reviewing the time needed to test for pH and conductivity.’ 



[bookmark: _Toc57208072]Process Mapping 
Process mapping is a tool used to simplify and visually understand a complex process. It enables the team to visualise the entire process and identify areas that are of non-value. 
A SIPOC diagram is a form of process map that incorporates the thoughts of suppliers, inputs, the process, outputs and customers and are used as headings at the start of the map ensuring all relevant aspects of the process are identified before any change/improvement is made (Murdoch, 2017).
Customers 
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Water Analysis 
pH 
Conductivity 
COD
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Metals by ICP/MS
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Environment Department 
Natural Resources Wales 








The suppliers of this particular process include Geotechnology who deliver the samples to the laboratory. S-lab and Aqua check are the suppliers used to purchase quality control solutions along with calibration standards. Meter Toledo and Perkin Elmer are the suppliers of our analytical testing equipment. UKAS supply the laboratory with the accreditation required to carry out such tests and provide the service to our customer, the environment department who then feedback results to Natural Resources Wales. 
By creating a process flow map, non-value adding steps in the system are clearly identified. During this specific process, it is clearly identified that there are four non-value adding steps that evolve from failure of quality checks. The first quality check occurs upon receipt of the sample, as before any testing can be carried out it is important that the temperature of the sample is checked together with clearly identifiable labels attached to each sample. If the temperature of the sample is out of compliance with UKAS regulations the results of that sample will be indicative only, therefore a new sample will be requested. This also applies if a sample is not clearly identifiable from the attached label. Therefore waiting for a correctly labelled sample at an adequate temperature now delays the analysis. 
The next quality check identifies whether the testing equipment to be used to analyse the samples is working correctly. As the testing equipment requires constant calibration, quality checks are conducted to determine if the process has been successful. If this is unsuccessful, the equipment must be recalibrated and the quality checks repeated. If this is now successful then analysis may continue, however if it remains unsuccessful an investigation must be carried out to determine the issue and analysis will be further delayed. If the issue remains unresolved then testing cannot be carried out, as a detailed investigation will be necessary and the samples sent to an external source, this being the worst case scenario. 

The process flow map clearly details that sample quality and failing of quality checks has an ultimate impact on analysis time.
[bookmark: _Toc57208073]Example of Process flow
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Figure 1: Example of Process map diagram.
Voice of the Customer 
The Voice of the Customer (VOC) is captured during regular meetings and reviews of the service level agreements which enables their wants, needs and expectations in addition to their preferences and dislikes to be recorded. 
The voice of the customer process is vital to gaining a better understanding of customers enabling our processes to align best with their needs (Powton, 2019). 
As a result, the factors critical to quality (CTQ) that are fundamental to the customer are determined. In respect to this project, it was recognised that sample analysis remained the key factor critical to quality for the customer. However upon further review, the delays in relation to time to test, analysis accuracy and sample rejection were all aspects that fundamentally combined to the quality of the sample analysis. 
[bookmark: _Toc57208075]CTQ Tree
The use of a critical to quality tree enables a visual representation of the VOC to CTQ factors, determining the key issue or factor in the eyes of the customer. 
Sample Analysis 




Analysis Accuracy
Sample Rejection / Retests
Time to Test 


Figure 2: Example of CTQ tree diagram

These CTQ factors were used to confine the area at which improvement could be made. It was decided to investigate further into the time to test factor to discover the root cause of failure to meet the established requirements. 
[bookmark: _Toc57208076]Cause and Effect Diagram
A cause and effect diagram is a visual representation of possible causes related to the current issue. By designing a cause and effect diagram, the team is forced to focus on the actual content and nature surrounding the problem in order to find the root cause (Slack, 2013).
For this particular problem, possible causes could be:
1) The process itself: - regarding the safe working procedure being up to date and suitable for the process.
2) Equipment errors: - due to calibration, maintenance and service schedules being abided by, the wrong standards used to calibrate, issues with current training and competence of technicians carrying out the calibration. 
3) People:- due to an excessive workload and being under-resourced to manage and analyse all samples within the time frame, whether the skill, knowledge, training and competence of technicians has an effect on the analysis and errors being made.
4) Sampling/Transport: -  the receipting of sampling, the time taken to obtain/receive/deliver samples having a significant impact on the analysis being achieved within the deadlines. Sample identification: - if the samples are labelled incorrectly or unidentifiable they must be discarded, which also applies to incorrectly preserved samples, leading to a further training issue for staff.
5) Materials: - A poor quality of sample will adversely affect the ability to conduct analysis. 
6) Environment: - the environment of the laboratory as well as the environment the sample is kept in is significant as the temperature of the laboratory will not only effect the samples but also the testing equipment used. 

Below is an example of a cause and effect diagram. 
[image: ]

Figure 3: Example of cause and effect Fishbone diagram.








[bookmark: _Toc57208077]Cause and Effect Matrix 
A cause and effect matrix outlines the inputs of the process and the outputs that are critical to quality, scored in order of importance to the customer. The inputs are then scored on the relationship to the outputs. The cause and effect matrix then determines what the key input variables should get the most attention. 
	 
	10
	10
	10
	 
	

	
	
	
	
	
	

	KPIV 
	Analyse on time 24 (hours) 
	Accuracy of Analysis 
	Number of tests completed within required time.
	Total 
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	%Rank 

	Sample arriving on time 
	10
	3
	10
	230
	16

	Clearly identified sample 
	6
	10
	7
	230
	16

	Quality of sample 
	8
	8
	8
	240
	16

	Instrument availability 
	5
	3
	5
	205
	14

	Instrument accuracy 
	2
	10
	2
	140
	10

	Time taken to complete test 
	10
	2
	10
	220
	15

	Technician competence 
	5
	8
	6
	190
	13

	 
	Total 
	1455
	100


Table 1: Example of completed Cause and effect matrix
The cause and effect matrix indicates that the top three input variables that affect the quality critical parameters most important to the customer are all related to sampling activities that are carried out by a third party, which beyond our control. Therefore to limit the amount of breaches experienced, the investigation of whether pH and conductivity can be tested outside of the 24 hour period will be conducted to comply with the ‘number of test completed within the require time’ customer requirement. 

[bookmark: _Toc57208078]FMEA
A failure mode and effects analysis (FMEA) is a technique used to recognise and analyse possible failures of a process and the consequence of each failure. By applying FMEA the possible failures can be calculated and risks predicted in order to develop preventive maintenance and contingency plans (Law, 2016). 
An FMEA would be useful for identifying at what stage within sample collection different factors could result in a delay resulting in the sample not being tested within the 24 hour period. However, as sampling is carried out from a third party most of these possible failures are outside of our control. 




[bookmark: _Toc57208079]Project Charter 
[bookmark: _Toc57383238]Pyzdek, T & Keller,P (2012) describe a project charter as a summarisation of the projects why, who, how and when factors in an agreement between the sponsor (management) and the project team. The project charter is essentially a brief of the project comprising the key elements of the project. Table 2: Example of completed project charter.
	Title: Time to Test Project – investigate UKAS non conformities 
	[image: ]

	Owner: Courteney Peart
	 

	1. Background: 
	4. Analysis:

	Environment department requires analysis of ground water, surface water, leachates and effluents. The requirements of such analysis requires sampling and analysis to complete within 24 hours. The tests are UKAS accredited and conform to the standard ISO 17025. 

The analysis required on each sample received is; 
pH 
Conductivity 
COD
Alkalinity 
Ammonia 
Metals by ICP/OES 
Metals by ICP/MS
Anions 

	Current Process:

Samples arrive, pH, EC, Alkalinity, COD analysis carried out first. Each apparatus used is calibrated, pH meter calibrated using pH4, 7 &10, QC are the same reading from a different source. EC meter is calibrated and qc checked using 1413 us/cm, 82 us/cm and 5.01 ms/cm. 

Alkalinity is a titration method using 2.0mg/l as a standard check. 

COD is performed using COD vials, mid- range vials typically used first, test takes 2 hours to develop in hot plate, if wrong vials are used test must be repeated – another 2 hours.

Metals are analysed using ICP/OES and ICP/MS and anions determined using ion chromatography.

	
	 

	2. Current Condition: 
	5. Plan:

	Samples are delivered to the laboratory in the afternoon leaving 9 hour turnaround time for all analysis. 
The amount of samples delivered and the preparation time of each testing equipment depletes the actual analysis time further.  The time samples arrive at the laboratory is out of the laboratories control therefore it is necessary to alter our current proceedings to enable time to test requirements to be met. 

Each testing apparatus used requires thorough calibration and quality checks to be performed at the start of analysis, after every 10 samples and at the end of analysis. 
	Determine changes in pH and EC over 7 days. If pH and EC can be tested after 24 hour time period less breaches will be made. 
1. On receipt of samples determine pH and EC values.
2. Once completed store samples in a temperature controlled refrigerator at 10˚C. 
3. Repeat steps 1&2 for 7 consecutive days.

	
	4. Evaluate changes in results over the 7 day period. 
5. Discuss findings with Environment department and UKAS
6. Make decision on time to test period for pH and EC tests.


	3. Goals / Target Condition:
	7. Confirmation of Effects:

	By identifying no drastic changes to pH and conductivity results if samples kept refrigerated, the time to test requirement of 24 hours can be extended reliving pressure off the technicians as well as enabling a more accessible time to test frame. 
	Data validation: method is acceptable if new method passes t-test at 95% when compared against existing method. Carry out safety review.

	
	 


[bookmark: _Toc57208080]Measure Stage 
By means of the DMAIC approach, the measure stage is used to identify variation within a process and controlling that variation by finding the source in order to reduce it (Slack, 2013).
The project goal is to evaluate if pH and conductivity tests can be performed outside of the 24hour time scale period. In order to decide the time scale in which these tests must be analysed the same sample must be tested over a 7 day period whilst keeping the environment controlled. It has previously been decided that these two particular tests take up the bulk of the analysis time and tests such as alkalinity, COD, metal analysis on ICP OES-MS as well as ammonia are all able to be comfortably performed within the time period given. 
Samples were tested as per normal procedure on arrival and, once analysis was completed, the samples were stored in a refrigerator set at 10˚C until the following morning. Subsequently, the samples were removed and left to stabilise at room temperature before repeating the analysis. This process continued for 7 days, recording the pH and EC values of each samples on each day. It was identified that the temperature of the sample at the point of testing could potentially have had an impact on the analysis results. 
[bookmark: _Toc57208081]Data Collection Plan 
A Data collection plan allows the team to appropriately organize data collection activities and ensures the team understands the goals. The collection plan should clearly identify what data is to be collected, who is responsible for collecting the data, how the data is going to be collected, when and from where the data will be collected (Thorn, 2020). 
	Project:
	pH and EC Results over 7 day period to evaluate fluctuations

	
	

	Who 
	What 
	When 
	Where 
	How 

	
	
	
	
	

	Responsibility
	Operation Definition 
	Data Type 
	Sample 
	Unit of Measurement 
	Date/Time 
	Location of testing 
	Collection Method 

	
	
	
	
	
	
	
	

	Analyst
	Fluctuations in pH and EC values over 7 day period 
	Variable 
	UKAS water/ effluent samples 
	pH and us/cm
	2/11/2020 - 8/11/2020
	Harbourside Laboratory 
	Results recorded on set data Results Sheet 

	
	
	
	
	
	
	
	


Table 3: Example of Data collection plan






[bookmark: _Toc57208082]Process Capability 
Process capabilities indicates how capable a process is of meeting specification limits, used with continuous data. The process capability refers to the normal behaviour of a process unaffected by significant factors. Process capability is estimated by calculating the process indices based on data distribution approximated by a normal distribution from data collected. 
Depending on the time period of when the process is taking place, longer time period ‘Preliminary Process Capability’ can be estimated or ‘Short-term Capability’ in a shorter time period (Biserka Runje, et al, 2010). 
In order to calculate the process capability, the upper and lower specification limits need to be established to be provide a boundary of acceptable performance above or below the target. 
Due to the process under investigation, which involves samples taken for monitoring and environmental compliance, process capability is not applicable. The data could be used to monitor trends within the samples which would then indicate a problem in a different process. 
However, statistical process control (SPC) charts can be formed from collecting measuring system data using control check standards to monitor instrument variation and show trends of instrument stability. An SPC chart relates to the instrument performance and can indicate if an instrument is starting to trend outside of controlled specification. 

[bookmark: _Toc57208083]Measurement System Analysis
With the intention of establishing, improving and maintaining quality systems, measurement system analysis (MSA) is essential. The measurement system analysis assists with identifying issues with the measurement system being used as well as determining if the data obtained can be trusted. (Johnson, 2013).  
A Gage R&R study divides measurement variation into two sources, namely repeatability and reproducibility, where repeatability is the variation associated with repeating the same measurement with the same operator to indicate the effectiveness of the equipment used and reproducibility is the variation differences between operators indicating if re-training is necessary (Ryan Brownie,et al, 2010). 
Due to the laboratory being UKAS accredited, the laboratory performs beyond regular gage R&R requirements by regularly participating in proficiency schemes testing. The laboratory receives an unknown sample with a list of required tests that each technician will analyse before the results are submitted. Such participation enables the laboratory to monitor and improve the quality of the analytical measurement routines as well as demonstrating to customers and accreditation bodies the validity of the analytical measurements (Whetton, 2019). 
The proficiency scheme can highlight if there are a training issue in respect to individual technicians if only some were successful, however it can also indicate an error in respect to an item of equipment if all of the participating technicians failed. A failure will initiate an investigation into both the technician and the equipment.  
However for internal verification, a measurement of uncertainty method is carried out. 
During this process, there are two measuring systems that must be validated before data is collected, to ensure the accuracy and consistency of the data. The two measuring systems are the pH meter and the conductivity meter. A table is subsequently conducted with the following headings:
	Sources of uncertainty 
	A list of all possible causes of uncertainty is made 

	Value
	This is the value of the given solution 

	Unit 
	Measurement unit 

	+/- Value (ai) expanded error (for repeatability use 1 standard deviation)

	This is the value of uncertainty stated on calibration standard or calculated from instruments repeats.

	Probability Distribution 
	This is distribution that describes the likelihood of obtaining the possible values. 

	Coverage Factor (k)
	The k factor reflects the number of standard deviations used when calculating a confidence level.

	Divisor (ui)
	Standard deviation equivalent.
The variable U will be the value of uncertainty contributor and k is the value of expansion factor when applied to equation; 
Ui = Ui /K .


	Require division by k?
	Division by k is only required for normal distribution.

	Standard Uncertainty (ui)
	Estimated standard deviation 

	Standard Relative Uncertainty 
	Is the standard uncertainty divided by the given value 

	Is it significant? (>10% of total uncertainty budget)

	This highlights what uncertainties will have a significant effect on the results.


[image: ]Table 4: table explaining the headings used in MSA study
[bookmark: _Hlk57384140]Figure 3: Copy of MSA carried out study
From the above calculations, a second table is then conducted with the headings:
[image: ]
Figure 4: Copy of MSA complete study
The combined relative uncertainty is calculated from taking the square root of all the relative uncertainties calculated. The absolute standard of uncertainty is given from multiplying the combined relative uncertainty with the measured value which is then used to calculate the expanded uncertainty in the units as measured. 
This process is repeated for each calibration standard used. The same approach is used with the conductivity meter so an overall measurement of uncertainty value is determined for each measuring system. 
The precision of the measuring system is also determined by analysis of known materials repeated at least 10 times. The standard deviation of the single measurements can be calculated to determine the standard error along with calculating the bias in the results. 

[bookmark: _Toc57208084]Conclusion
By approaching an improvement process using the DMAIC cycle the team is able to visually analyse the process in question. The team is able to ‘walk through’ the process and critically analyse each step to determine where improvement can be made as well as where the problems or risks lie within the process. The DMAIC process provides structure to the project team as each phase of the DMAIC process comprises of tasks and tools that will lead the team to identify the solution to the problem. 

It is clearly identifiable that the main issue is the sample arrival time, however the sampling process is not under the laboratory’s control, despite the SLA agreement with Geotechnology, so further investigation is required to identify improvements, although continuous reviews of the SLA are conducted in order to improve communication between the laboratory, the sampling team and the customers. 

The long term solution to this specific issue, which requires further exploration, would be to review the sampling activities that are carried out by a third party. This would involve either working in collaboration with Geotechnology to improve their process, having had relevant discussions to establish how improvement could be made, or by taking overall responsibility for sampling to place when samples arrive directly under our control 

Currently the laboratory remains at a disadvantage in regards to time to test as the samples arrival time is out of their hands, however it is still important to review their part in the process in order to determine where the time to test can be enhanced. Through investigation it was discovered that pH and conductivity tests take significant time to carry out due to the volume of samples that arrive. After every 10 samples, 3 quality checks must be analysed, which directly increases the analysis time, however analysis is also possible to be achieved outside of the 24 hour period when kept in a controlled environment. Therefore, by investigating these specific tests and agreeing a revised appropriate time to test dead-line for this analysis it will allows the 24 hour period for all other analysis to be met successfully. Additionally, partial or full automation of the tests would be another potential area to investigate for further improvement.

[bookmark: _GoBack]
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2 | Instrument drift, matrix effects etc (as per action imits of 7.0 0200 Rectangular na 173205081 FALSE  0.115470054 001649
3 Ermor in certiied calibration solutions 7.0 0.007 Normal (calibration certiicate) 2 1 TRUE 0.0035 0.00050
4 Error in certiied AQC solutions: 7.0 0019 Normal (calibration certiicate) 2 1 TRUE 0.0095 0.00136:
5 Instrument reporting resolution 70 01 Rectangular na 173205081 FALSE  0.057735027 000824
6 Instrument repeatability 70 0052 Normal (repeatabilty) 2 1 FALSE 0052 0007421
7 Bias 70 004 Normal (repeatabilty) 2 1 FALSE 0036 0.00514
8
9
10
Combined  absolite  Expanded uncertainty (95%
relative standard  confidence, k=2) in same.
11| Measurand value (use mid-point in calibration range)  units  uncertainty uncertainty units as measurand
12 70 002 014
13
14
+-Value (a) Require  Standard
o divisionby Uncertainty ~Standard
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