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Abstract 
The research, being a case study, aims to determine the stability of the potable water production line of XYZ water factory, for 

possible improvement, using tools from the lean six sigma (LSS) methodology. This research was carried out on the mean weekly 

laboratory results of physicochemical water parameters (pH, conductivity, turbidity, alkalinity, chloride, total dissolved solids (TDS), 

magnesium, nitrates, sulphate, hardness, calcium, lead, copper, iron, and zinc) for regulatory purpose. The data obtained were 

analysed using control charts from the minitab 2021 ® statistical software package. The values of the parameters (except iron) in the 

control charts were beyond the conventional limits at various points in time throughout the period. The research results showed that 

the water production process is not stable, indicative of assignable causes of variability in the production line for all the parameters. 

Therefore, there is need to carry out investigations to know the causes and take action to correct them. This could be achieved by 

deploying the appropriate tools in the lean six sigma (DMAIC) methodology. 
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1.0 INTRODUCTION 

In the world today, quality is a competitive weapon 

which organisations use to attract customers in the global 

market place [1-2]. This is done to ensure customer's 

satisfaction and for the sustainability which could be 

achieved by the continuous improvement in the business 

processes to be more effective and efficient, as is the case 

of Toyota [3]. Continuous improvement as a means of 

reduction in variability in process and product, is the key 

goal of quality and the key parameter for organizational 

success [4]. 

Different conceptions, methods, and tools may be 

employed to uphold the good quality level and help in 

continuous improvement in an organisation [5]. Two of 

such methods, which were later integrated into one, are 

lean and six sigma [6]. Lean production (also called lean 

manufacturing, lean management or just lean) is a 

managerial framework used for organizational 

improvement, focused on waste elimination and cost 

reduction [7]. The term refers to the production system 

created by the Toyota Motor Corporation to deliver 

products of right quality, in right quantity, at the right 
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price, to meet the customer’s needs [8]. Lean emphases on 

producing products and services at minimum time and cost 

[9]. On the other hand, six sigma as a technique originated 

during the quality evolution in Japan and Motorola, 

intended to sustain final product quality by focusing on 

obtaining significantly higher conformance levels [10]. It is 

a data driven methodology, which uses statistical analysis 

to detect root-causes of problems and evaluate process 

performance with its own unit known as the Sigma unit 

[11].  

Individually, Lean increases the efficiency of 

systems, whereas, Six Sigma increases the efficiency of 

processes [6]. Hence, Lean and Six Sigma are unable to 

reach the improvement rates their integration as Lean Six 

Sigma (LSS) is achieving [12].  

Lean Six Sigma refers to the integration of Lean 

and Six Sigma business improvement methodologies [13], 

which creates an opportunity to improve the products, 

satisfying the customers’ needs and requirements and 

growing profits and guides the management to handle the 

defect reducing defects ratio [14]. According to [10], 

within the framework of Lean, the objective is to eliminate 

waste throughout a manufacturing system whereas Six 

Sigma, concentrates on reducing defects in a process, 

hence, serve complementary purpose, as both bodies of 

knowledge are needed to effectively solve problems 

encountered by an organization. Whereas, [15], stated that 
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the application of Lean Six Sigma (LSS) for implementing 

quality improvement has thrived so much in the 21st 

century, and the effective method for business and 

industry, [16], also affirmed that, it has been proven and 

applied in many manufacturing floors. [15], inferred that, 

because the methodology is adaptable, researchers 

encourage trial applications in new fields, which can lead 

to success if applied carefully.  

According to [17], Lean Six Sigma (LSS) has the 

same DMAIC improvement process as the original Six 

Sigma, but in addition to Six Sigma tools, Lean tools are 

also incorporated into the different steps. The methodology 

is data-centric with excellent tools that are powerful 

because they offer statistical validity [18], used to realize 

stable and foreseeable processes [13]. 

The Lean Six Sigma’s DMAIC methodology to 

improve production process is very rarely seen in the 

potable water production industry. Most of the studies are 

focused on reporting on the comparative analysis of the 
laboratory results of the physical, chemical and 

bacteriological water quality parameters of different water 

products from various companies, without further 

investigating on the production process for the necessary 

improvement as applicable. This clearly shows the variance 

between process and laboratory results of finished water 

quality parameters. Process focused work has not yet been 

appropriately employed, which can address the root causes 

of process variability and enhance process capabilities in 

quality water production, through some comprehensive and 

sustainable strategies like, the Lean Six Sigma’s DMAIC 

methodology. 

 

2.0 MATERIALS AND METHODS 

2.1. Materials 

2.1.1 Physico-Chemical Analysis 

The turbidity was measured using turbidimeter 

HACH2100Q. The titrimetric method was employed in 

determining the alkalinity and hardness. The pH and 

conductivity were determined with a pH/ conductivity 

meter (model: 2500wx pH/ conductivity meter). The 

determinations of the minerals; calcium, chloride, nitrates, 

sulphate, and magnesium were achieved by the use of a 

Spectrophotometer, Jenway 6305, while the following 

heavy metals; copper, iron, lead, and zinc were determined 

using Atomic absorption spectroscopy, ASC-7000. 

Software: The minitab 2021 ® statistical software package 

was used to carry out both the qualitative analyses and the 

production of control charts to aid decision-making.  

 

2.2. Methods 

2.2.1 Data Collection 

The data collected is secondary. They are the 

actual average weekly values of the laboratory 

physicochemical analysis, conducted on the treated raw 

water product before packaging by the water quality 

control department from January through December, 2020 

and given in Table 1. The data were exported into the 

minitab statistical software application for processing.  

 

2.2.2 Sample Size 

A minimum of 25 samples is essential to be 

collected. The data available shows 50 samples of mean 

weekly sample test results with size n =1. 

 

2.2.3 Process Stability Analysis 

The Shewhart control chart for Individuals 

measurements (X-chart or I-chart) and moving range (MR) 

chart were used to analyze the quality parameters of the 

potable drinking water. This was necessary because data 

collection was slow or as the data were collected over some 

time, the output may be too homogeneous over short time 

intervals, most appropriate for batch processes, where the 

within batch variation is so small relative to between-batch 

variation and the sample size n =1 [8] [19] [20] [21] [22]. 

The limits for I-MR charts are computed using the 

formulae given in equations 1 to 7 below [8] [19] [21].  
 

 

𝑀𝑅𝑖̅̅ ̅̅ ̅̅ = |𝑥𝑖 − 𝑥𝑖−1|                                                                  (1) 

 

UCL(X̅) = X̅ + 3
𝑀𝑅̅̅̅̅̅

𝑑2
                                                              (2) 

 

CL(X) = X̅                                                                                 (3) 

 

LCL(X̅) = X̅ − 3
𝑀𝑅̅̅̅̅̅

𝑑2
                                                              (4) 

 

Equations for the control limits of the Moving 

Range (MR) Chart: 

 

UCL(R) = 𝐷4𝑀𝑅̅̅̅̅̅                                                                     (5) 

 

CL(R) = R̅                                                                                 (6) 

 

LCL(R) = 𝐷3𝑀𝑅̅̅̅̅̅                                                                     (7) 

 

 

Where, 

𝑀𝑅̅̅̅̅̅= mean of moving range of samples 

UCL = upper control limit  

CL = centerline 

LCL = lower control limit  

𝑋̿= the average of the sample mean 

R̅ = average range of the samples  
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x̅= sample mean 

xi = Sample values 

d2, D3, and D4 are are control chart constants based on the 

subgroup size of the data[1]. 

 

Table 1: Raw weekly mean values of water quality parameters from Jan. – Dec. 2020 
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Month  Week                               

Jan 

1 6.86 12 0.1 12.5 16.5 6.88 8.91 1 1.3 6.51 0.15 0.01 0 

0.0

2 0.14 

2 6.91 11 0.08 11.6 12.1 6.92 6.23 0.63 1.14 7.21 0.14 0.04 

0.0

2 

0.0

2 0.09 

3 6.73 8 0.06 13 12 7.13 11.4 1.22 1.09 3.02 0.14 0.04 

0.0

3 

0.0

5 0.08 

4 7.04 6 0 15.1 11.9 7.45 2.03 1.04 1.05 5.13 0.14 0 

0.0

1 

0.0

3 0.01 

Feb 

5 7 15 0.11 13.4 12 8.22 1.03 1.08 1.26 5.21 0.29 0.08 

0.0

2 

0.0

1 0.3 

6 6.98 28.2 0.02 15 12.1 6.41 6.24 1 1.41 8.13 0.41 0.01 

0.0

3 

0.0

3 0.03 

7 6.63 15.4 0.01 10.2 10.7 8.09 6.13 1 1.03 3.22 0.61 0.02 

0.0

4 

0.0

3 0.15 

8 6.72 18.3 0 9.39 12 7.05 7.41 1.01 1 4.91 0.84 0.03 0 

0.0

7 0.01 

Mar 

9 6.6 7.03 0 17.5 10 5.81 5.2 0.64 1.05 8.31 6.48 0.04 

0.0

4 

0.0

2 0.03 

10 6.45 8.91 0 12.3 9.64 6.92 6.01 0.32 1.12 10.1 9.21 0.08 0 0 0 

11 6.01 15.1 0.08 11.1 8.31 5.73 7.24 1.04 1.1 12.6 9.14 0.06 

0.0

1 0 0 

12 6.5 22.1 0.16 10.3 8.94 6.44 6.53 1 1.62 15.1 13.2 0.05 0 0 0 

Apr 

13 6.59 19.4 0.07 12.4 14 7.32 7.11 0.87 0.81 16 14.5 0.03 0 0 0 

14 6.62 11 0.97 13.5 13.1 8.61 4.28 1.21 0.74 9.63 11.3 0.08 0 0 0 

15 6.87 9.32 1 14.6 15.6 9.22 5.96 0.43 0.95 8.11 16.1 0.07 0 0 0 

16 6.96 11 1.04 10 17.5 5.51 6.71 0.52 0.83 7.59 6.02 0.06 0 0 0 

May 

17 7.02 15.4 1 11.1 19 6.43 8.32 0.61 0.62 8.82 10.1 0.09 

0.0

1 0 0 

18 7 16.3 1.2 10.2 22.4 8.65 9.44 0.92 1.06 10.2 4.11 0.02 

0.0

2 0 0 

19 7.08 15.4 0 7.33 25.1 11 6.5 1 1.09 10.3 3.2 0.08 0 0 0 

20 7 9.81 0 22 21.9 5.08 8.12 1.08 1 11 4.16 0.04 0 0 0 

21 6.91 10 0 19 17.4 6 4.93 0.67 1.31 9.68 4.21 0.03 0 0 0 

June 

22 6.63 12.1 0.82 21.3 16.1 8.53 5.01 0.21 1.28 9.92 3 0.03 0 0 0 

23 6.74 10 0.7 18.2 17.1 7.41 6.28 0.41 1.01 8.51 11.2 0.06 0 0 0 

24 6.86 25.1 0.54 17.4 18.2 6.62 7.41 1.32 1.05 9.62 12.2 0.09 0 0 0 

25 6.85 14.2 0.1 16.3 17.6 8.11 9.62 1.07 1.13 11.4 5.43 0.04 

0.0

1 0 0.01 

July 
26 6.9 11.3 0.08 12 23.1 5.31 8.04 1.67 1.33 12.1 1.23 0.05 

0.0

2 0 0 
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27 7.1 10 0.01 13.4 25.1 6.92 7.43 0.95 1.14 16.4 0.92 0.05 

0.0

3 0 0 

28 7 10.1 0.06 15.1 21.3 5.41 6.11 0.88 0.96 17.5 0.51 0.07 

0.0

4 0 0 

29 6.82 12.2 0 17.1 20.2 6.55 7.28 1.07 0.81 19.3 0.21 0.08 

0.0

3 0 0 

30 6.66 17 0.01 10.6 19.5 7.81 5.43 1.21 0.32 16.4 0.43 0.03 

0.0

2 0 0.01 

Aug 

31 6.63 8.93 0.31 28.4 20.1 9.61 6.1 1.11 0.41 12.1 0.31 0.06 

0.0

1 0 0 

32 7.02 10.1 0.64 19 22.2 5.19 5.41 0.96 1.21 9.83 0.68 0.07 

0.0

1 0 0 

33 6.83 12.4 0.72 18.1 25.6 6.32 4.31 0.85 1 8.22 0.66 0.03 

0.0

1 0 0 

34 6.8 15 0.51 11.4 19.5 5.14 6.5 0.72 0.42 6.59 0.98 0.02 0 0 0 

Sept 

35 6.82 11.7 0.43 10.1 21.8 10 8.91 0.93 1.31 7.48 0.81 0.05 

0.0

1 0 0 

36 6.99 12.1 0.08 18.3 20.8 11.1 4.32 0.81 0.86 7.03 0.93 0.03 

0.0

1 0 0 

37 7.21 14 0.11 16.4 22.2 6.51 5.11 1.02 0.62 9.08 0.74 0.05 

0.0

1 0 0 

38 6.63 11.3 0.31 17.3 20 8.34 6.01 1.08 1.55 10 0.83 0.04 0 0 0 

Oct 

39 6.98 8.66 0.44 10.5 16.2 9.62 7.03 1 1.67 11.2 0.91 0.09 

0.0

3 0 0 

40 7 13.1 0.52 9.83 22.1 6.65 7.17 1.12 1.17 12.8 0.64 0.03 

0.0

3 0 0 

41 7.12 18.2 0 12.4 17.5 8.21 9.03 1.35 1.32 7.44 0.59 0.04 0 0 0 

42 6.77 17.1 0 11.2 16.3 7.33 4.15 1.61 1.53 6.93 0.88 0.06 0 0 0 

43 6.81 15 0 16 11.9 5.41 4.06 0.87 1.62 4.9 0.95 0.06 0 0 0 

Nov 

44 6.86 10 0 19.1 14.3 6.81 6.34 0.21 1.14 6.73 0.64 0.02 0 

0.0

1 0 

45 6.67 8.93 0.19 7.21 18.2 6.92 6.78 1.05 1.31 9.31 0.95 0.01 0 0 0 

46 6.63 10.7 0.08 13.3 12.1 7.42 4.01 1 1.52 8.11 0.68 0.01 0 0 0 

47 6.92 12 1.02 12.4 11.4 5.91 5.21 0.93 1.61 6.42 0.71 0.01 0 0 0 

Dec 

48 7.01 14.6 1.35 8.69 13.3 8.07 6.33 0.81 1.21 7.31 0.52 0.03 0 0 0 

49 6.78 13.2 1.21 11 12 6.94 4 1.01 1.04 6.41 0.63 0.04 0 0 0 

50 6.63 13.2 0 14.3 11.8 5.28 2.93 1.32 1.11 5.2 0.74 0.01 0 0 0 

Source [23] 

 

3.0 RESULTS AND DISCUSSION 

3.1 Process stability Result 

The process stability analysis results of the water 

quality parameters are shown by the I-MR plotted charts in 

Figures 1 to 15. Using equations 1 to 7 given above and 

the minitab 2021 ® statistical software package, these 

charts were plotted, with the use of the measurement data 

on time order, from week 1 to week 50 given in Table 1. 

The upper and lower control limits of the charts 

plotted, are the conventional limits at three sigmas on each 
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side of the centre line (mean) and are explicitly shown in 

the charts. However, these Shewhart control charts are 

most appropriate to detect large variations and less 

sensitive to small variations in the process. 

 For improved effectiveness, some criteria have 

been recommended for detecting non-random patterns 

called runs rules. The runs rules are based on runs of 

consecutive points increasing/decreasing above and below 

the centre line. These are the tests numbering 2 to 8 given 

in Table 2 [19] [20].  While the use of runs rules comes 

with improving the ability of the control charts to detect 

small variations they can significantly ruin the in-control 

average run length. Therefore, caution needs to be 

employed in their use [19].  

Table 3 shows a summary of the parameters and 

the I-MR plotted charts failed tests, which occurred at 

various points in time (week). It reveals that, the pH failed 

at 4 different tests, conductivity at 1, turbidity at 5, total 

hardness at 4, alkalinity at 5, chloride at 1, total dissolved 

solids (TDS) at 2, nitrates at 3, sulphate at 4, calcium at 5, 

magnesium at 6, iron at 1, lead at 5, copper at 5  and zinc 

at 5. 

The charts indicate that the production line of the 

water factory is statistically unstable, for the period under 

consideration. This is indicative of the presence of 

assignable causes of variability. It is, therefore, required 

that analyses and remedial actions be done to remove the 

assignable causes to bring the process back to stable state. 

 

 
Figure 1: I-MR chart of pH 

 
Figure 2: I-MR chart of Conductivity 

 

 

 

 

 
Figure 3: I-MR chart of Turbidity 
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Figure 4: I-MR chart of Hardness 

 
Figure 5: I-MR chart of Alkalinity 

 

 
Figure 6: I-MR chart of Chloride 

 

 
Figure 7: I-MR chart of TDS 

 
Figure 8: I-MR chart of Nitrate 

 

 
Figure 9: I-MR chart of Sulphate 
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Figure 10: I-MR chart of Calcium 

 
Figure 11: I-MR chart of Magnesium 

 

 
Figure 12: I-MR chart of Iron 

 
Figure 13: I-MR chart of Lead 

 
Figure 14: I-MR chart of Copper 

 

 
Figure 15: I-MR chart of Zinc 
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Table 2: Control Chart Run Test Description 

 
Source: [19] 

Table 3: Parameters and failed tests 

 
 

4.0 CONCLUSION 

The research results showed that the water 

production process is not stable, which is indicative of 

assignable causes of variability in the production line for 

all the parameters. Hence, there is a high chance of an 

unexpected level of process variability and also a 

significantly high level of naturally occurring variability in 

the processes. 

 

5.0 RECOMMENDATION 

This research study, as shown by the I-MR charts, 

has established that assignable causes are attributed to the 

causes of process variability. Therefore, there is need to 

carry out investigations to know the causes and take action 

to correct them. This could be achieved by deploying the 

appropriate tools in the analysis, improvement and control 

phases of the lean six sigma (DMAIC) methodology, 

which could not be covered under this study, due to ethical 

issues. 
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