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Abstract: Water is an important factor in human health and an essential ingredient of living
organisms. The increase of population and living standard has led to the increased water
consumption consequently causing the increase of wastewaters, as well as bigger quality
impairment. Wastewater treatment of the public mixed drainage system of the city of Cakovec
(Croatia) and surrounding suburban settlements is carried out by mechanical and biological
procedures, with the final treatment of separated sludge. In this paper we analyzed the input and
output values of annual time series for chemical oxygen demand (COD) on the wastewater
treatment plant in 2015 using the RAPS method (Rescaled Adjusted Partial Sums). The results
showed that the input series contained more pronounced subseries with respect to their mean
values and trends of increase and decrease, respectively. When comparing the input and output
subseries, the output subseries do not oscillate to a large extent given that they express the output
quality of wastewater. A significant reduction in the output values of the indicators determines the
quality treatment of incoming wastewater.
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1. Introduction

Water is one of a basic condition for maintaining life, which is why it is important to determine
water needs and uses. The development of industry and technology contributes to a higher standard
and life quality, which is especially reflected in the large increase in water consumption. The water
is easily accessible to all consumer groups through the construction of water supply systems. This
results in large quantities of waste (used) water of significantly changed quality compared to the
original [1]. Wastewater treatment is a technological process that is carried out on treatment plants.
The choice of treatment procedures, and the level of water purification, depends primarily on the
quantity and composition of wastewater (type of wastewater), as well as on the required water
quality at the discharge site [2]. The Wastewater Treatment Plant (WWTP) of the city of Cakovec is
located at the southeastern entrance to the Cakovec, Croatia, F igures 1 [3, 4].
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Figure 1. (a) Location of the wastewater treatment plant Cakovec; (b) Closer view on the wastewater
treatment plant Cakovec

WWTP and facilities (rain overflows, rain retention basins, and transport collectors) were
constructed for Cakovec and suburbs with a capacity of 91,000 ES. Wastewater treatment of the public
drainage system of Cakovec and suburban settlements, which is of a mixed type, is carried out by
mechanical and biological procedures with the final treatment of the separated sludge. Impacts on
inlet wastewater quality can be natural and anthropogenic. Natural influences that affect the quality
of wastewater are temperature, precipitation and evaporation. Human activity belongs to the
anthropogenic factor that significantly affects negatively the quality of wastewater.

The aim of this paper is to use the Rescaled Adjusted Partial Sums (RAPS) method to determine
whether the series of indicators of wastewater quality of WWTP in Cakovec contain characteristic
sub-series with respect to their mean values and trends of increase or decrease in value.

2. Methods

RAPS method is used for the analysis of input and output values of the Chemical Oxygen
Demand (COD) for II Level of treatment, according to the Croatian legislation [5] for the time serie
during year 2015.

The RAPS method is based on the analysis of the time distribution of the outflow of the summary
deviation curve. A visual graphical display based on RAPS transformation is convenient because it
allows overcoming small systematic and random changes, errors and variability in the analyzed time
series. The graphical representation of the RAPS method indicates the existence of several subseries
that have similar characteristics, a larger number of trends, sudden jumps and falls in values,
unregulated fluctuations, etc. [6]. The expression used for RAPS calculation is defined as:

LY -
RAPS, =>
t=1 S

, )

y
Yt is value of the analyzed member (parameter) of the considered time serie;
Y is average value of the considered time serie;

Sy is standard deviation of the considered time serie;
n is number of members of the considered time serie;

k=1,2,.., nis counter during sumation [7, 8].
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The graphical representation of the RAPSk value over the time indicates the existence of regularity in
the fluctuations of the analyzed parameter Y:, which in this case represents the value of a certain
indicator of wastewater quality. Once the existence (or non-existence) of a subseries within a given
serie is determined, the further procedure is to determine the linear trend of that subseries and, if
necessary, statistical processing, i.e. calculation of basic statistical parameters of the given (original)
serie, such as mean value, standard deviation, range, maximum and minimum value, and similar [7,
8].

The RAPS method is applied worldwide, as in following examples. In particular, RAPS is commonly
used most in the analysis of hydrological and meteorological indicators. Bonacci in his work from
2010 uses the RAPS method in the analysis of series of mean annual air temperatures, measured at
26 meteorological stations in Croatia [7]. In [9], RAPS was used to determine the mean daily flow
characteristics of the Sacramento River in California, USA. In [10], RAPS was applied to the analysis
of the dependence of annual sediment volumes and flow of rivers in China, as well as annual total
precipitation volumes in order to explain and define the mutual influences and dependencies of these
quantities.

In [11], RAPS was used to determine the impact of climate change on limestone deposits in the Krka
River Basin. The values of RAPS were determined by the average daily air temperature, the total
amount of precipitation and the average daily water flow, i.e. the analysis of these indicators was
performed. Bonacci and Andri¢ apply RAPS to determine the regime of karst water flow in the Lika
and Gacka river basins [12]. Tadi¢ uses the RAPS method in the analysis of trends in total daily
precipitation in assessing the possibility of irrigation in the Osijek-Baranja County [13].

After reviewing the available bibliographic units related to the analysis of time series in which the
RAPS method is used, it was found that this method has never been used in the world on the example
of the analysis of wastewater quality indicators. Exception is research of the group of authors with
leading of the first author Purin in the [14-17], where this research was started, and now is an
intention to extend research with domicile and international collaborators.

3. Results and discussion

Figures 2 to 7 show the total input and output values of COD for year 2015 at the WWTP in the
city of Cakovec, where the RAPS method was applied to the given serie.
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Figure 2. Input of COD for year 2015
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Figure 3. RAPS of the input COD for year 2015

1900

1800

1700

1600

LOD=-15 1=t + /3

——

R2=1E506 | |
I

p——

TRT=008 Y

=0
e

9 : El

500 4
400 _ﬁi

a7y | A

! CubD=111a=t+ /911 ﬁ g
i j T

-
|

300 170 | RF=013 g i

D=1,
ZRz

Lo
o8t 214,

]

73 146
Time t (days)

Figure 4. Subseries of the input COD for the year 2015

219

The values of input indicators of wastewater quality for 2015 are in second half of the year above
the value of the Maximum allowed value (MAYV), which is 700 mg O2/1 for the COD [5]. Based on the
performed analysis, it can be seen that the highest measured value of the coefficient of determination
R? of an input serie is equal to 0.1439, while the lowest calculated value of R? is 10%. In both cases,
there are insignificant. Growing trends of all subseries are observed, but given the negligible values

of R?, this has no argumentative significance.

Figures 5 to 7 show the total output values of the output indicators of the COD for 2015, also
with the application of RAPS.
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Figure 5. Output of COD for year 2015
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Figure 6. RAPS of the output COD for year 2015
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Figure 7. Subseries of the output COD for the year 2015
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Declining trends of output subseries are observed, but given the negligible values of R? this
has no argumentative significance, just as with input subsequences.
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Accordingly to the explanations and analysis at the laboratory in WWTP Cakovec, the output
values of COD in 2015 did not exceed the permitted limit of 125 mg/l according to the MAV [5].
Biological treatment efficiencies, expressed as a percentage reduction in COD values deviated in the
first quarter of the year is a result of changes in COD inputs (reductions), due to the inflow of large
amounts of precipitation. In addition to this, there is certainly industrial water that is discharged into
the public drainage system without prior treatment. Equally important is the quality of the sewer
system, i.e. its water tightness, especially in those parts where the old concrete sewer is. Since the set
output values are preserved and in accordance with regulations, these deviations are not significant.
All deviations from the efficiency of COD reductions are due to poorly loaded water. In the
conditions of inflow of very dilute wastewater, it is not biologically possible to achieve the required
treatment efficiencies.

4. Conclusion

RAPS provides the ability to analyze that part of the time series that is problematic, while the
trend of the entire time series does not allow this. In most cases, trends do not indicate or warn of a
possible problem that occurs in a certain part of the time series. This enables faster and more accurate
analysis, focusing on the real problem as well as faster reaction in order to eliminate it, which is
extremely important in every branch of human activity, and thus in wastewater treatment. The RAPS
method can significantly help in monitoring the operation of WWTPs, and also in the design of such
devices, since the simplest procedures used today, namely data display and trend analysis, cannot
give such a picture of the problem as it provides RAPS method.

Further research will include analysis for the longer time period, comparison with the time series
of the hydraulical load, precipitation and insolation, as well as extension for the other indicators of
the waste water quality, i.e. Biochemical Oxygen Demand during 5 days, Suspended Solids, and all
others.
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Abbreviations

The following abbreviations are used in this manuscript:

WWTP: Wastewater Treatment Plant
COD: Chemical Oxygen Demand
MAYV: Maximum allowed value
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