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This paper analyzes the improvement of ambient air quality indicators by monitoring the NO
concentration in one of the most polluted areas of Bucharest, using the statistical method “SIX
SIGMA” (60). By applying the methodology of this statistical approach, the aim is to reduce non-
conformities within the specified limits (according to the standards and legislative norms in force)
and respectively, to ensure maximum efficiency (99,99%), equivalent to a yield of 3.4 defects per
million opportunities (DPMO). As high concentrations of air pollutants have a major impact on
human health, the most harmful effect has been found to be caused by nitrogen dioxide (NO,),
mainly from ground-level ozone. Using the “606” method, the optimal solutions for eliminating
non-conformities and implicitly for reducing the NO, concentration and ensuring the improvement
of the ambient air quality can be identified.
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INTRODUCTORY CONSIDERATIONS

At present, air pollution has proven to be one of the greatest dangers from an
environmental, human health and ecosystem perspective, attracting negative effects not
only locally or nationally, but also at European and global level (European Environment
Agency).

At the level of large urban agglomerations, including the city of Bucharest, one of
the major pollutants is road transport, as the main responsible for the production of
nitrogen oxides (NOx - extremely harmful pollutants), but also suspended particles (PM)
(Brue, 2002).

The Great Metropolis - Bucharest is one of the most polluted cities in Europe and is
in the process of infringing with the European Environment Commission for constant
exceedances of the quantities of fine moving particles in the air (PM10, PM2.5), but
also for the inability to monitor air quality according to the law.

Currently, the National Air Quality Monitoring Network (RNMCA) includes 148
continuous air quality monitoring stations, equipped with automatic equipment for
measuring the concentrations of the main air pollutants: sulfur dioxide (SO), nitrogen
oxides (NOx), carbon monoxide (CO), ozone (Os), suspended particles (PM10 and
PM2.5) etc. The air quality in each monitoring station is represented by suggestive
quality indices, established based on the values of the concentrations of the main air
pollutants measured (Bejan et al., 2009; Alpopi, 2008; Visan et al., 2000; Crisan et al.,
2017; Kifor, 2006).

Due to the identification by measurement of high concentrations of nitrogen dioxide
(NOy) in the six existing monitoring stations in Bucharest, the statistical approach “Six
Sigma” was addressed in order to analyze the improvement of ambient air quality
parameters by including preventive and corrective measures to reduce the NO..
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DEFINITION OF THE STATISTICAL METHOD “SIX SIGMA”

The novelty of this statistical method “Six Sigma”, typical of quality engineering, is
the possibility of its application at the level of many organizations, regardless of their
specifics (Motoiu, 1994).

So, starting with the emergence of the concept of “zero defects”, which was the
starting point in the creation of the statistical method “Six Sigma” for Motorola in 1986
by Bill Smith and then continuing with its application to other top companies (General
Electric, Honeywell International, ABB, Lockheed Martin, Polaroid, Sony, Honda,
American Express and Solectron), the application of this statistical approach has been
launched in many organizations around the world, most of which can prove the role of a
pivotal element of the “Six Sigma” method to their success (Pande, 2008; Pande et al.,
2009; Durbaca and Sporea, 2012; Durbaca, 2015).

By using the results of concrete assessments of quality characteristics specific to the
concentration of nitrogen dioxide (NO;) measured in the six existing monitoring
stations in Bucharest, the paper aims as a methodology specific to the statistical
approach Six Sigma (“6¢”), lead implicitly to improvements in the performance,
efficiency and quality of the ambient air, as well as to the reduction of defects / non-
conformities corresponding to the values measured within the specified limits (Lower
limit of specification, LIS = 15 pg/m® and Upper limit of specification, LSS = 40
ug/m?d), according to the provisions of Law no. 104 of June 15, 2011.

In Figure 1, the performances of the “66” method are highlighted graphically, by
comparison with the “3¢” method, taking into account the standard deviation “¢” which
represents the basic metric in the statistical analysis of the data of some evaluated /
measured characteristics, respectively the value of the variable showing the distribution
of the output characteristic of the process.
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Figure 1. Performance of the “Six Sigma” method (Durbacé and Sporea, 2012)

A higher value for sigma (o) indicates a more stable process, with a lower risk for
defective events (rejects / major nonconformities) and lower costs, respectively.
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DESCRIPTION OF THE APPLICATION

The step-by-step approach of the specific phases of the “Six Sigma” method
(DMAIC) is considered: Defining opportunities / quality problems; Measuring current
performance levels; Analysis of the causes underlying the non-conformities / defects;
Improving performance; Control performance (Durbaca and Sporea, 2012).

To obtain the best results, an analysis of the daily values of NO; concentrations
[ug/m®] was performed measured at the six continuous air quality monitoring stations in
Bucharest (S1 - Lacul Morii; S2 - Titan; S3 - Mihai Bravu; S4 - Berceni; S5 - Camp
Road; S6 - Military Circle) for a period of 20 calendar days (12.08.2020 — 31.08.2020).

Following the brainstorming analysis at a meeting of a group of specialists in the
field, it was decided that the daily values of NO, concentrations [pg/m®] measured at
station S3 - Mihai Bravu, having the highest values, to be subjected to the application of
the Six Sigma methodology.

To represent the probability density graph in the case of a normal distribution
(Gauss) the results corresponding to the strategy for accurately detecting non-compliant
NO; concentrations [pg/m?3], of their quantification and elimination, it is necessary to go
through the following methodological procedure (Durbaca and Sporea, 2012):

a) ascending order of the string of 20 measured values Xi (i = 1,...... ,20) of the
quality characteristic / NO, concentration [pug/m?®], thus:

26,29; 30,04; 34,93; 37,09; 37,18; 37,23; 38,30; 38,41; 38,69; 44,18; 45,70; 48,72;
56,38; 57,28; 58,94, 60,10; 61,10; 62,19; 64,15; 69,02.

b) notation of the minimum value Xmin and respectively, maximum Xmax of the

ascending ordered string:

Xmin = 26,29 [l,lg/ms]; Xma_x = 69,02 [ug/ms]
c) determining the amplitude of the string:
R = Xmax - Xmin = 69,02 - 26,29 = 42,73 [ug/m®]. Q)

d) determining the number of classes K of the sequence of ordered values, with
Sturges formula (Durbaca and Sporea, 2012):

K=1+322Ign=1+3221g20=5. 2
e) determining the amplitude of the class, é:
0=R/K=4273/5=8,54. 3)

f) completing the ordered values according to the previously determined classes, in
Table 1:

Table 1. Values ordered by classes

K1 K2 K3 K4 K5
26,29 37,18 38,69 56,38 61,10
30,04 37,23 44,18 57,28 62,19
34,93 38,30 45,70 58,94 64,15
37,09 38,41 48,72 60,10 69,02

g) determining the grouping intervals corresponding to the value classes and
respectively, average value X (v. Table 2):

https://doi.org/10.24264/icams-2020.111.5

279



Application of the New Statistical Approach “Six Sigma” for the Analysis of the
Improvement of the Air Quality Parameters at the Level of Bucharest, by
Monitoring the NOx Concentrations from the Emissions of Air Pollutants

Table 2. Grouping intervals corresponding to value

No. Grouping Centered Frequency
interval value simple cumulated X - -
P L . = h
Xi Xi+j Xic ai fi Ai Fi Xi
IC
1 26,29 + 34,83 30,56 2 0,10 2 0,10 3,056
2 34,93 + 43,47 39,20 7 0,35 9 0,45 13,720
3 44,18 + 52,72 48,45 3 0,15 12 0,60 7,267
4 56,38 + 64,92 60,65 7 0,35 19 0,95 21,227
5 69,09 + 69,02 0 1 1,05 20 1,00 0,000
z 20 1,00 - - 45,27
h) determination of the mean square error o, with the relation:
= 12,806. 4)

i) determining the limits of specifications\ (lower, LIS* and upper, LSS*)
corresponding to the actual level of performance 6o = 76,836:

LIS*= X - 36=4527 312,806 = 6,852; (5)
LSS* = . +30=4527+3 12,306 = 83,688. (6)

j) the representation of the normal distribution curve, related to the values specific to
the quantification of the maximum performance (corresponding to level 64, equivalent
to 3,4 defects per 1 million opportunities), via the normal Gauss distribution function,
f(x) and the MathCAD program (see Figure 2).
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Figure 2. Gauss normal distribution curve

According to the graphical representation of the function f(x) in Figure 2,
corresponding to the distribution of the measured values of the analyzed quality
characteristic, in relation to their average value, it follows that the graphical distribution
of the “Gauss’s bell” is between the limits of specifications (LIS* and LSS*) previously
determined with relationships (5) and (6). Such a distribution characterizes a real level
of maximum performance “6¢”, equivalent to 3,4 defects per 1 million opportunities

https://doi.org/10.24264/icams-2020.111.5

280



ICAMS 2020 — 8" International Conference on Advanced Materials and Systems

RESULTS AND DISCUSSIONS

Considering that in the analyzed case the condition is fulfilled: 6-c > R, this would
correspond to the need to improve the quality and, respectively, to take measures to help
to rigorously frame the values of NO2 concentrations between the limits of the LIS and
LSS specifications and respectively, eliminating values that do not fall within these
limits. But nevertheless, the graphical representation of the normal Gaussian
distribution function f(x), in Figure 2 above, confirms the permissiveness of extending
the range of measured values between the specification limits LIS* and LSS*, which
attests to the achievement of the efficiency index of 3,4 defective parts per million
opportunities (DPMO), corresponding to an efficiency of 99,9997% and synonymous
with the successful completion of the quality improvement project.

From the calculation of the capability index of the quality improvement process, C,
results (Durbaca, 2017):

Cr = LSS+—LIS+ _ 1.00. @
=1

In this case, for which Cp* < 1,33, the improvement process may become efficient
under certain conditions, but careful supervision is required (Durbaca, 2017).

CONCLUSIONS

By applying the statistical method “Six Sigma” at the level of any organization
regardless of the activity profile, it is possible to respond to the purpose function,
defined by the improvement of the quality of the analyzed entities. Although it is a
method based on mathematical statistics, “Six Sigma” does not offer a difficult tool to
use and thus represents, a guaranteed success for such organizations that aim to achieve
outstanding results and ensure superior levels of performance.

Therefore, the “Six Sigma” statistical method is equally addressed to all
organizations for improving performance, efficiency and quality of entities (products,
processes, services, resources, environmental factors, etc.), as well as to reduce defects /
non-conformities within the specified limits, by ensuring maximum stability and
efficiency.
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