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The availability of water suitable for human consumption has become an increasingly 
critical challenge that faces humanity in the modern period after witnessing dramatic 
climate changes. Public health authorities in every nation bear the responsibility of 
monitoring and controlling the quality for fulfilling requests from the community of 
potable water through valid and stable distribution infrastructure. In this study, a 
parametric statistical assessment was focused on the microbiological quality of city 
water in a specific section of the municipal water network that supplies a healthcare 
plant. The examination period covers one-year duration of collecting qualitative and 
quantitative testing results. Non-normal microbial count datasets were logarithmically 
transformed and investigated through the application of a normal probability plot at 95% 
Confidence Interval (CI). Despite the absence of Out-Of-Specification (OOS) results, 
the municipal distribution system showed significant variations between its sections 
suggesting heterogeneity between the investigated segments in the bioburden. 
However, an initial exploratory Laney attribute control chart did not demonstrate any 
Out-Of-Control (OOC) points. Nevertheless, a significant variation was evident using 
One-Way ANOVA (at α 0.05) combined with the Pareto plot and residual analysis. In 
order to determine the degree of association between different sectors of the water 
distribution network, the Pearson Correlation Matrix (PCM) (at 95% CI) was used with 
seven points-of-use pairs with <1.0% two-tailed P-values. There was significant 
difference in the microbiological density in water between different municipal distribution 
sections with most points-of-use showing strong association with each other in 
bioburden count. The transformation enabled the use of the statistical test tools to 
detect the distribution system efficacy and can mark the microbiological instability within 
the network.    

 

1. Introduction  

Bioburden analysis is a crucial aspect of assessing the 
quality of municipal water distribution systems (Bruyninckx, 
2018). The uncontrolled presence of microorganisms in the 
water supply system can lead to severe health issues, 
including waterborne illnesses (Eissa, 2016b). As such, it is 
essential to understand the bioburden and the stability of 
the water distribution system.  

Quantifying the microorganisms in water is critical for 
determining the potential risks associated with water 
consumption. Various bacterial diseases can be 
transmitted through water (Essam-Eissa, 2018). Therefore, 
the appropriate analysis of microbiological data is essential 
for ensuring the safety of municipal water.  
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The interpretation and application of the total 
microbiological count results are critical for municipal 
water management. The total viable aerobic count (TVAC) 
profile can be used to identify potential sources of defects 
in the distribution system and to develop appropriate 
treatment strategies to maintain the biological stability of 
the water (APHA, 2023).  

Bioburden data monitoring and microbial community 
analysis can also provide valuable information for 
assessing the biological stability of water (Lyons et al., 
2023). Therefore, the appropriate interpretation and 
application of the total viable count results are essential 
for ensuring the safety and quality of municipal water.  

One of the key issues facing municipalities is the extent 
to which they can cover their water needs. In order to 
ensure that municipalities can provide access to safe and 
quality water, it is important to understand how much water 
is available to them and how much water is needed to meet 
their needs (Essam-Eissa, 2017). This paper will discuss 
the biological quality of the water distribution network from 
a Total Viable Aerobic Count (TVAC) perspective in 
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municipal water systems. Furthermore, in this article, we 
will examine the use of transformed total microbial count in 
bioburden analysis and its role in assessing the stability of 
the water distribution system. 

1.1. Literature Review 

The first step in assessing the biological stability of 
municipal water is the collection and analysis of 
microbiological data (Eissa et al., 2022). This involves the 
collection of water samples from various locations within 
the distribution system and the subsequent analysis of 
these samples for the presence and enumeration of 
microorganisms [as Colony Forming Unit (CFU)] (Essam-
Eissa et al., 2023). After the collection and analysis of 
microbiological data, the next step is to assess the stability 
of the microbiological count through the water distribution 
system (Eissa, 2018a). The investigated area could show 
the pattern in the points-of-use through microbiological 
examination. The heterotrophic plate count (HPC) could be 
used as an indicator for the biological stability of city water 
distribution structure under examination (Favere et al., 
2021). In turn, biological stability measures the potential for 
microorganisms to grow and reproduce in the water 
(Cabral, 2010). 

Water for human consumption is primarily distributed 
through a municipal water network, although it may also be 
sometimes obtained directly from wells, streams, or lakes 
(CDC, 2022). Pipe system network abnormalities may 
result in the contamination of clean feeding water (Eissa, 
2016b). As a result of this possibility, sampling at usage 
points is critical for monitoring water quality (Eissa, 2018b). 
In this situation, the sample drawn will be typical of the 
water that flows through the distribution structure till the 
output tape (Ahmed-Eissa, 2018b). Furthermore, microbial 
contamination of oral fluid and topical medicine products 
remains a serious issue, which is frequently caused by the 
use of polluted water (Eissa, 2015). Despite the fact that 
there are no supreme microbiological measures for water 
(other than water intended to be sterile), the current Good 
Manufacturing Practice (cGMP) requirements require that 
appropriate precautions be taken. 

Unique statistical tools could be used to detect the 
status of biological instability in the municipal water 
distribution system, either in a single line or between 
multiple segments in the same distribution system (Essam-
Eissa, 2015). As a result, proper maintenance is essential 
to increase the system's microbiological stability and 
reduce changes in water quality. Accordingly, additional 
inquiry is required to elucidate areas of failure in light of the 
several identified probable reasons, either alone or in 
combination. Another study in the same vein demonstrated 
the impact of raw water microbiological quality on the final 
purified water of the pharmaceutical plant produced from 
the water treatment station loop for medicinal product 
manufacturing. A group of investigators reported that the 
income water microbiological count can affect the final 
product water quality, even though there are barriers to the 
passage of microbial cells during the drinking water 
processing stages (Eissa et al., 2015; Eissa, 2016b). 

Given that humanity is getting closer to a more 
advanced stage of water shortage, the microbiological 
quality of water is essential to its suitability for human 
consumption. The public health authority must use an 
efficient examination strategy, including quantitative and 
illustrative methodologies, to examine the microbial quality 
of the municipal distribution system due to the issues 
associated with city water consumption and its 
microbiologic safety. This article will address a particular 
problem related to biological stability by measuring the 
amount of variability of this inspection property in the early 
phases of monitoring using a small number of samples: 
bioburden density in tap water. 

1.2. Theoretical Framework 

Drinking water safety and quality is critical, and as 
such, it is critical to guarantee that municipal water 
distribution systems are microbiologically stable (US EPA, 
2020). The current in-depth study, which allows us to better 
grasp the trends and patterns in microbiological data, is 
one way to analyze this as theorized in Fig. 1. Potential 
sources of faults should be identified and Drinking water 
safety and quality are critical, and as such, it is critical to 
guarantee that municipal water distribution systems are 
microbiologically stable (Eissa et al., 2022). The current in-
depth study, which allows us to better grasp the trends and 
patterns in microbiological data, is one way to analyze this. 
Potential sources of faults should be identified and 
proactive efforts to prevent them taken by assessing critical 
indicators such as microbial load and change in the count 
(Griffith, 2016). The total microbial aerobic count was 
investigated in a specified area encompassing a tape water 
delivery network (Essam-Eissa, 2017). Bioburden density 
in 100 mL of city water samples was calculated as CFU for 
monthly samples from available sites until 2022 (Abu-Sini 
et al., 2023). Evolved colonies after incubation were 
identified and counted on the surface of the 0.45 µm sterile 
membrane filters (Berrang et al., 2017). The sample 
preparation, collection, and processing procedures, as well 
as the neutralization of residual disinfectant in water, were 
carried out in accordance with previous similar study 
conducted on the same line (Ei̇ssa et al., 2022; Essam-
Eissa, 2018). Microbial distribution follows distributions 
other than the well-known Gaussian dispersion (Essam-
Eissa, 2016). One of the proven means of database 
normalization is the logarithmic transformation to the base 
ten (Essam-Eissa et al., 2023). A unity value might be 
added to compensate for zero records for some of the 
bioburden count results in some samples without 
appreciably distorting the main outcome.  

2. Materials and methods 

The investigated pipeline system is in the Giza 
governorate at 29.9285° N, 30.9188° E coordinates. The 
study covered 19 places of usage following the installation 
of two storage tank units from processed city water (Eissa 
et al., 2022). The area that contains the municipal water 
tapes - under examination – were assigned random letters 
and numbers as in Fig. 1. 
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Fig. 1. Diagram of the experimentation steps (Eissa et al., 2015; Essam-Eissa, 2017) 

 

2.1. Test Design 

To eliminate extraneous contamination, water samples 
were analyzed microbiologically using aseptic instruments 
and procedures (Essam-Eissa, 2017). Sterile, single-use, 
and 0.45 µm disposable membrane filters were used to 
collect microorganisms in a specific volume of water 
sample via a vacuum filtration system, where filters were 
transferred aseptically over agar media for coliform 
detection and enumeration of the TVAC (Eissa et al., 
2022). The plates were incubated and counted to 
determine the number of CFUs per unit volume of water 
samples and to detect the pathogen colonies' characteristic 
look. Groups of researchers offered recommendations for 
microbiological examination of water samples (Francy et 
al., 2013; Ngwa et al., 2013). Confirmatory biochemical 
testing was performed on any suspects using commercial 
miniaturized kit panels.  

2.2. Municipal Water System 

The method suggested by Ainsworth (2013) was used 
to study a healthcare institution with a distribution water 
network system that received its feed supply of city water 

from a municipal line (Ainsworth, 2013). The piping network 
serviced several compartments in the facility, and each 
portion has its own sampling port from which routine 
municipal water samples were collected for analysis. 
Sample collection methods, sample storage, isolation 
techniques, isolation procedures and the used biochemical 
testes were done according to Ashour et al (2011). 

2.3. Output Record and Analysis 

The city water's microbiological limit was determined in 
accordance with the Environmental Protection Agency's 
(EPA) recommendations (Bartram et al., 2004). Eissa et al. 
(2015) described using statistical process control and other 
investigational techniques for raw water datasets (Eissa et 
al., 2015). Microsoft Office Excel 2007 was used to collect 
the primary results of the analyses for generating 
logarithmically transformed data with one added for each 
number to compensate for zero results without distorting 
the originally obtained output. Datasets were tested for 
distribution, and statistical analysis using GraphPad Prism 
v6.01 for Windows, while Minitab® v17.1.0 was utilized to 
create a box plot, control charts and normality plot. 
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4. Results and Discussion 

The initial visualization of the microbiological distribution in 
municipal water network under examination at different use 
points is shown in Fig.2 as an average ± Standard Error of 
the Mean (SEM). The preliminary exploratory Lany U' 
control chart applied on the original raw data showed that 
the overall TVAC of the water distribution system was 
initially under control without any excursions (Fig. 3). The 
average value of the microbiological count data of the 
municipal water distribution network in the examined 
district of Giza governorate in Egypt was 2698 CFU/100 
mL. The highest value of the microbiological count data of 

the city water lines in the examined location of the city was 
10931 CFU/100 mL and the lowest value of the 
investigated group of the use points was 78 CFU/100 mL. 
Laney-modified process-behavior plot was used instead of 
the usual U chart because the diagnostic test for Poisson 
dispersion demonstrated the necessity of the 
implementation Sigma-Z correction to avoid false control 
limits and alarms as could be seen in Fig. 3 (Eissa et al., 
2023). There were not any signs for the presence of 
coliforms could be detected in the city water system during 
the study period. 
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Fig. 2. Network water system showing detailed transformed Mean ± Standard Error of the Mean (SEM) graph for each 
point of use under examination. 

This normalization makes it easier to analyze the data 
based on the normality assumption and detect any outliers 
(Ahmed-Eissa, 2018a). The heterotrophic plate count of 
municipal water shows the logarithmically transformed 
microbial count of one-year data without any detectable 
outliers except one with ST2 (Table 1) and the use point 
G68 with the highest average count while G03 with the 
most significant observable standard error of the mean. 
This finding was evident in Fig. 2. The results of the 
logarithmic transformation of the microbiological count data 
of the municipal water distribution network in the healthcare 

plant showed an acceptable normalization upon using 
normal probability plots (Yuan et al., 2020). Logarithmic 
transformation of the microbiological data showed 
significant improvement in the normalization of the count 
record as could be illustrated from the normal probability 
plot (Fig. 4). One-Way ANOVA calculated (at alpha (α) = 
0.05) for the transformed results showed a significant 
difference between the examined points of use indicating 
heterogeneity in the bioburden between different sections 
of the water distribution network 
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Fig. 3. Poisson probability plot and trending chart for exploratory evaluation of the overall microbiological quality of the 
distribution network of municipal water. 

 

If the total P-value is minimal, the differences that were 
noticed are unlikely to be due to random sampling 
coincidence (Eissa and Nouby, 2016). The notion that all 
populations have the same means can be rejected (Table 
2). This signifies that the variabilities in the microbial 
densities of city water between some sampling sites are 
distinct from the others (Eissa et al., 2022). As a result, the 
findings of the post-tests would provide a hint as to where 
the differences are. Fig. 5 depicts the uncertainty in the 
difference between all (or selected) pairs of averages as a 

95% confidence interval. This interval contains the genuine 
difference between the two means 95% of the time 
(Rashed and Eissa, 2020). With this respect, few pairs 
showed experimentally interesting variations from each 
other in bioburden recovered from water samples. 

Each value has a residual calculated for it. The 
discrepancy between a value entered and the mean of all 
values for a group is known as a residual. 
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Table 1: Screening of the presence of the aberrant results shown for the logarithmically transformed datasets. 
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Fig. 4. Normal probability plot demonstrating the effect of the transformation on the normalization of the database of 
the bioburden count in city water at a 95% Confidence Interval (CI). 

 

When the matching value exceeds the sample mean, 
the residual is positive; when it is below the sample mean, 
it is negative (Fig. 6). The plot showed random dispersion 
without any trend, observable clustering or particular 
pattern around the reference zero line. 

The distribution of multiple comparisons in terms of 
pairwise significance of difference and the q-statistics was 
shown by significance interpretation (Fig. 7). The program 
classifies if the P-value is not significant (ns) and less than 
0.05, 0.01, 0.001, or 0.0001 (denoted by the number of the 
asterisks (*) in the graph) for each pair of means. It is 
improbable that the observed difference is caused by a 
chance of random sampling if the P-value for a post-test is 
minimal. It is incorrect to assume that the means of those 
two populations are the same. 

ANOVA divides the variability of all the values into two 
components: one caused by treatment-related variation in 
group averages, and the other by residual variation, which 
is variance within the groups (Eissa, 2019). The difference 
between each value and its group mean, or the total of the 
squares of those differences is used to measure variation 
within groups (within the columns) (Eissa, 2016a) and 
hence the residual sum of squares could be computed. The 
sum of the squares of the differences between the group 
means and the grand mean (the mean of all values in all 
groups) is used to calculate the variation between groups 
(owing to treatment). This changes to the treatment sum-
of-squares when the sizes of each group are considered. 
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Table 2: One-Way ANOVA Tukey's correction of confidence interval and significance for multiple comparisons test 
including 171 comparisons per family. 

ANOVA Summary  

Alpha 0.05 

F 6.448 

P value < 0.0001 

P value summary **** 

Are differences among means statistically significant? (P < 0.05) Yes 

R square 0.3731 

ANOVA table§ SS DF MS F* (DFn, DFd) P value 

Treatment (between columns) 147.2 18 8.178 F (18, 195) = 6.448 P < 0.0001 

Residual (within columns) 247.3 195 1.268 α 0.05 

Total 394.6 213  
  

Model comparison SS DF Probability it is correct 

Null H. All population means identical 394.6 213 0.00% 

Alternative H: Distinct population means 247.3 195 100.00%   

Ratio of probabilities   0.0   

* The F-ratio, which is derived from the ANOVA table, is used to calculate the P-value along with the two degrees of 
freedom (df) values.  

SS: Sum of Squares. MS: Mean Square. 

§ MS is calculated by dividing the sum-of-squares by the appropriate number of degrees of freedom. Each sum-of-
squares relates to a specific number of degrees of freedom (df, determined from number of subjects and number of 
groups). These can be regarded as variations. The pooled standard deviation can be understood as the square root 
of the mean square residual. 

**** means P ≤ 0.0001 

 

The Pearson correlation matrix was used to examine 
the association of the HPC between different segments of 
the municipal distribution network at 95% CI (Essam-Eissa 
and Mohamed-Mahmoud, 2015). Normalization of the data 
allowed for the application of the parametric tests, while 
one-way ANOVA identified several segments of the water 
network with significantly different microbial densities in 
water (Eissa, 2019). The Pearson correlation matrix was 
used to study the correlation of HPC between the different 
points of use with very strong correlations observed 
between ST2, SK1, LER and G3B, MIQ. Other segments 
with lower variable degrees of association could be found 
in the matrix with descending levels of the shades. The p-
value is a metric for the strength of the evidence the data 
give against the null hypothesis; the lower the p-value, the 
stronger the evidence. The following scale is employed: 
Very strong evidence is p(X) 0.01; strong evidence is p(X) 
(0.01, 0.05); weak evidence is p(X) (0.05, 0.1); and little or 
no evidence is p(X) > 0.1.  

 

The output of the r-table works reasonably in the same 
line as the P-table. Details of this study can be seen in 
Tables 3a and 3b for r- and P-values, respectively. 
Therefore, it can be concluded that the distribution system 
requires appropriate maintenance in terms of microbial 
concentration in some sections even if there were no Out-
Of-Specifications (OOS) results could be spotted. 
Significant variation in bioburden density of municipal 
distribution water system from Fig. 5 could be projected 
into Table 3a which showed that very strongly and most 
strongly correlated segments of the network did not vary 
appreciably (α 0.05) with the exception of one port (G52) 
with the points of use SK1 and ST2. Moving forward, such 
bioburden analysis and correlations should be maintained 
to continue the monitoring and enforcement of a safe and 
secure water distribution system. An extended period of 
microbiological monitoring is essential to better assess the 
situation. 
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Fig. 5. Confidence Intervals (CIs) graphing of the ordinary one-way ANOVA for pairwise comparisons in Tukey's 
multiple comparisons test (TMCT).  
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Fig. 6. Residuals plot of the ordinary one-way ANOVA of the bioburden of municipal distribution system. 
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Fig. 7. Pareto analysis for the significance of the difference between the pairwise comparisons showing the final 
outcome summary and the q statistics. 
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Table 3a: Pearson Correlation Matrix (PCM) showing the level of association between the examined use points: 
Correlation Coefficients (CC) at 95% Confidence Interval (CI). 

r  SK1 ST2 RNT LER 
PC
W 

MIQ G02 G04 G07 G3A G3B G18 G19 G33 G52 G68 G71 G75 

SK1  0.82 0.36 0.89 
-

0.33 
0.44 0.30 

0.27
Y 

-0.26 0.38Y 0.49 
-

0.33 
0.04Y 0.21Y 

0.73
Y 

0.45Y 
0.38

Y 
0.09Y 

ST2 0.82  0.23 0.83 
-

0.53 
0.60 0.33 

0.28
Y 

-0.46 0.30Y 0.51Y 
-

0.27 
0.44Y 0.31Y 

0.72
Y 

0.36Y 
0.25

Y 
-

0.05Y 

RNT 0.36 0.23  0.21 0.44 -0.15 
-

0.17 
0.21

Y 
0.07 

-
0.06Y 

-
0.03Y 

-
0.61 

-
0.20Y 

-
0.35Y 

0.47
Y 

0.29Y 
0.21

Y 
-

0.15Y 

LER 0.89 0.83 0.21  -
0.61 

0.42 0.20 0.25 -0.22 0.32 0.28 
-

0.29 
0.04Y 0.27 

0.59
Y 

0.25Y 
0.28

Y 
0.04Y 

PCW -0.33 -0.53 0.44 -0.61  -0.38 0.04 0.13 0.39 -0.19 -0.17 
-

0.12 
-0.31 -0.24 -0.35 -0.01 0.04 -0.13 

MIQ 0.44 0.60 -0.15 0.42 
-

0.38 
 0.69 0.14 -0.71 0.51 0.85 0.44 0.42 0.77 0.52 0.29Y 

0.00
Y 

0.47 

G02 0.30 0.33 -0.17 0.20 0.04 0.69  0.29 -0.38 0.17 0.59 0.41 0.38 0.74 0.05 0.00 0.26 0.09 

G04 0.27Y 0.28Y 0.21Y 0.25 0.13 0.14 0.29  -0.05 0.21 0.11 0.09 0.07 0.34 0.25 -0.16 0.10 -0.12 

G07 -0.26 -0.46 0.07 -0.22 0.39 -0.71 
-

0.38 
-0.05  -0.51 -0.73 

-
0.20 

-0.50 -0.61 -0.58 
-

0.46Y 
-0.10 -0.12 

G3A 0.38Y 0.30Y -0.06Y 0.32 
-

0.19 
0.51 0.17 0.21 -0.51  0.72 0.39 -0.02 0.66 0.45 0.73 0.30 0.32 

G3B 0.49 0.51Y -0.03Y 0.28 
-

0.17 
0.85 0.59 0.11 -0.73 0.72  0.38 0.39 0.68 0.62 0.63 0.19 0.39 

G18 -0.33 -0.27 -0.61 -0.29 
-

0.12 
0.44 0.41 0.09 -0.20 0.39 0.38  0.22 0.67 -0.27 -0.11 -0.25 0.28 

G19 0.04Y 0.44Y -0.20Y 
0.04

Y 
-

0.31 
0.42 0.38 0.07 -0.50 -0.02 0.39 0.22  0.34 0.17 -0.15 -0.41 -0.42 

G33 0.21Y 0.31Y -0.35Y 0.27 
-

0.24 
0.77 0.74 0.34 -0.61 0.66 0.68 0.67 0.34  0.12 0.20 0.18 0.17 

G52 0.73Y 0.72Y 0.47Y 
0.59

Y 
-

0.35 
0.52 0.05 0.25 -0.58 0.45 0.62 

-
0.27 

0.17 0.12  0.57 0.20 0.27 

G68 0.45Y 0.36Y 0.29Y 
0.25

Y 
-

0.01 
0.29

Y 
0.00 -0.16 

-
0.46Y 

0.73 0.63 
-

0.11 
-0.15 0.20 0.57  0.61 0.32 

G71 0.38Y 0.25Y 0.21Y 
0.28

Y 
0.04 

0.00
Y 

0.26 0.10 -0.10 0.30 0.19 
-

0.25 
-0.41 0.18 0.20 0.61  0.16 

G75 0.09Y -0.05Y -0.15Y 
0.04

Y 
-

0.13 
0.47 0.09 -0.12 -0.12 0.32 0.39 0.28 -0.42 0.17 0.27 0.32 0.16   

Correlation coefficient 
(r) 

|Lower|  |Upper|  

Y: Denotes significantly  

Different use points in  

Microbial count 

Identified by One-Way 

ANOVA 

Very weak 0.00 0.19 

Weak 0.20 0.39 

Moderate 0.40 0.59 

Strong 0.60 0.79 

Very Strong 0.80 1.00 
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Table 3b: Pearson Correlation Matrix (PCM) showing the level of association between the examined use points: Two-
tailed P-values. 

 

Conclusion 

To achieve informative results, statistical components 
such as the Laney U' control chart, logarithmic 
transformation of microbiological data, multiple comparison 
tests, and the correlation matrix are all essential. The 
control chart and the outlier detection results are 
particularly useful in identifying any possible deviations in 
the microbiological quality that require immediate attention. 
The practical work conducted using simple and 
inexpensive microbiological methods is particularly 
advantageous for public health authorities in developing 
nations. However, regardless of the methods used, regular 
bioburden analysis is critical to ensuring the safety and 
quality of municipal water distribution systems. 

 

 

 

Recommendations 

It seems that based on the results of the bioburden 
analysis of the municipal distribution system, there is a 
need for continuous monitoring to maintain stability. The 
heterophilic plate count results and parametric statistical 
tests applied to the one-year dataset suggest the 
importance of controlling municipal water quality during the 
distribution phase to ensure that the delivered water is safe 
for human consumption. Public health authorities should 
establish continuous monitoring programs to ensure the 
quality and safety of water from the use ports. It is 
recommended that similar studies be conducted to include 
other important quality aspects such as physical and 
chemical properties of water. This will contribute to the 
increased reliability and safety of the assessment of the 
public's water supply. Future investigations should explore 
the possible association between Heterophilic Plate Count 

 P-value SK1 ST2 RNT LER PCW MIQ G02 G04 G07 G3A G3B G18 G19 G33 G52 G68 G71 G75 

SK1  0.2 25.7 0.0 31.4 14.8 34.3 39.1 41.7 22.2 10.7 29.2 90.0 50.9 0.7 16.6 25.2 78.3 

ST2 0.2  50.5 0.1 11.2 5.2 31.5 41.1 15.4 36.5 11.1 42.4 18.0 36.1 1.2 27.2 45.8 89.3 

RNT 25.7 50.5  51.9 17.9 65.2 60.0 50.6 82.2 85.8 93.8 3.7 53.1 25.8 12.4 38.9 54.4 63.5 

LER 0.0 0.1 51.9  4.5 16.9 52.7 42.7 48.4 31.5 38.1 35.7 90.0 40.2 4.2 46.4 41.0 89.6 

PCW 31.4 11.2 17.9 4.5  24.8 90.4 70.9 23.6 57.5 62.6 72.2 34.9 46.8 29.4 97.0 91.2 70.7 

MIQ 14.8 5.2 65.2 16.9 24.8  1.4 65.5 0.9 8.7 0.0 14.8 17.2 0.4 8.3 38.4 99.2 12.7 

G02 34.3 31.5 60.0 52.7 90.4 1.4  35.8 22.0 59.8 4.5 18.2 22.3 0.6 87.2 99.3 43.9 77.4 

G04 39.1 41.1 50.6 42.7 70.9 65.5 35.8  88.2 50.7 72.7 78.3 83.0 28.6 43.0 64.3 77.4 72.1 

G07 41.7 15.4 82.2 48.4 23.6 0.9 22.0 88.2  9.1 0.7 52.4 9.9 3.7 4.8 15.2 77.0 71.5 

G3A 22.2 36.5 85.8 31.5 57.5 8.7 59.8 50.7 9.1  0.9 21.2 95.3 2.0 14.2 1.1 36.8 31.2 

G3B 10.7 11.1 93.8 38.1 62.6 0.0 4.5 72.7 0.7 0.9  22.2 21.5 1.6 3.3 3.8 57.1 21.4 

G18 29.2 42.4 3.7 35.7 72.2 14.8 18.2 78.3 52.4 21.2 22.2  48.7 1.8 39.4 75.7 46.6 37.0 

G19 90.0 18.0 53.1 90.0 34.9 17.2 22.3 83.0 9.9 95.3 21.5 48.7  28.1 59.4 65.8 21.7 17.5 

G33 50.9 36.1 25.8 40.2 46.8 0.4 0.6 28.6 3.7 2.0 1.6 1.8 28.1  70.4 55.4 59.8 60.6 

G52 0.7 1.2 12.4 4.2 29.4 8.3 87.2 43.0 4.8 14.2 3.3 39.4 59.4 70.4  6.5 56.0 39.4 

G68 16.6 27.2 38.9 46.4 97.0 38.4 99.3 64.3 15.2 1.1 3.8 75.7 65.8 55.4 6.5  4.8 33.5 

G71 25.2 45.8 54.4 41.0 91.2 99.2 43.9 77.4 77.0 36.8 57.1 46.6 21.7 59.8 56.0 4.8  64.7 

G75 78.3 89.3 63.5 89.6 70.7 12.7 77.4 72.1 71.5 31.2 21.4 37.0 17.5 60.6 39.4 33.5 64.7  

P-value P-value% 

More than 0.1 >10% 

Between 0.1 - 0.05 5% -10% 

Between 0.05 - 0.01 5% -1% 

Less than 0.01 < 1% 
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(HPC) and other components and parameters to enhance 
system stability. 
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