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Abstract: The paper presents the results of a study of parameters used for determining the amount of organic
pollutants in wastewater flowing into a collective wastewater treatment plant with a population equivalent of
about 120 000 PE. The plant constituted part of a sewage system. Assays were performed for biochemical oxygen
demand (BOD,), chemical oxygen demand (COD,,), permanganete index (COD,, ) and total organic carbon
(TOC). In addition, the pH of wastewater and its alkalinity were determined. Sampling of incoming wastewater
and measurement of physicochemical parameters were performed once a week, in the spring. A total of 44 samples
of wastewater were collected. The correlations between the individual parameters and the correlations between
the ratios of these parameters were determined. It was found that it was possible to estimate, with sufficient
accuracy, the values of selected parameters for determining the concentrations of organic compounds in municipal
wastewater, knowing the values of other parameters in this group. Moreover, it was shown that, knowing the
relationship between the analyzed parameters, one can find multiple regression equations for a given type of
wastewater, which allow one to calculate the remaining relationships with a good fit, i.e. a determination factor R?

greater than 0.6.

Introduction

Wastewater is a multi-phase and multi-component system
consisting of dissolved gases, liquids and solids. The organic
and inorganic substances found in wastewater may be in the form
of solutions, colloids or dispersed phases. The analytical ratios
most commonly used to determine the overall concentration
of organic substances in wastewater are chemical oxygen
demand (COD), biochemical oxygen demand (BOD,) and
total organic carbon (TOC). COD and BOD; are conventional
indicators of the amount of oxygen consumed in the oxidation
of organic compounds. Because BOD, measurements are time-
consuming (5 days), studies are being conducted to reduce
the measurement time to up to 0.5 hour, which would enable
extrapolation of results (Liu et al. 2015).

The total organic carbon content is not explicitly linked to
the oxygen demand indicators such as BOD, or COD_, because
TOC measurement consists in determining the concentration
of organic carbon without taking into account its degree of
oxidation. It is estimated that in domestic wastewater, about
42% of TOC is represented by dissolved solids, 31% is in
colloidal form, and 27% is in suspended form (Liwarska-
-Bizukoj¢ 2014).

There are three types of relationships between BOD, and
COD,, (Miksch 2000):

BOD, =a-COD,, (1)
BOD, =a-COD_,— b 2)
BOD, = a-COD_,+ b 3)

Relationship (1) is true when wastewater contains only
biochemical oxidative substances and can be quantitatively
oxidized chemically. Then, BOD/COD,_ = a, and oscillates
between 0.5 and 0.7. Relationship (2) is correct when wastewater
contains undesirable substances or substances that decompose
very slowly, and relationship (3) can be observed in industrial
wastewater which contains biologically degradable compounds,
but not matter that can be chemically oxidized by dichromate,
and, when a correction for nitrification is used (Miksch 2000).
The mutual linear relationships between BOD and COD have
been confirmed by other researchers (Alsaqqar et al. 2017).
The BOD,/COD, relationship is used to determine the stability
index (Cossu et al. 2012) and to model wastewater treatment
processes in a variety processes (Alsulaili et al. 2017).
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The biodegradability of wastewater is commonly expressed
as a COD_/BOD; ratio or its inverse. Typical ratios in raw
wastewater are BOD,/TOC = 1.8-2.5, COD_/TOC = 2.5-4.0
(Sadecka 2010), and BOD/COD_ = 0.3-0.96 (Abdalla and
Hammam 2014). Liwarska-Bizukoj¢ (2014) recognizes the
BOD,/COD, ratio 0of 0.4-0.5 as typical of domestic and municipal
wastewater, ratio greater than 0.5 — presence of biodegradable
wastewater and less than 0.2 non-biodegradable. For example,
in raw sewage from a cosmetic factory which was considered
not susceptible to biodegradation, the BOD /COD,, ratio was
0.14 (Michel et al. 2015). In leachate from new landfills, the
BOD,/COD ratio was as high as 0.7 and decreased with time to
0.1, a value that is characteristic of stabilized landfills (Surmacz-
Gorska 2001). Samudro and Mangkoedihardjo (2010) assumed
that with BOD,/COD, ratio <0.1 wastewater can be regarded
as toxic, since living organisms have limited access to easily
decomposed organic matter, and such drips usually contain a lot
of mineral salts. Low BOD,/COD, ratios have been observed in
rivers (Lee and Nikraz 2015).

The aim of the present study was to determine the statistical
relationships among COD_, BOD,, COD,, and TOC in raw
municipal wastewater entering a mechanical and biological
wastewater treatment plant, as well as to find relationships
between the ratios of pairs of these parameters which would
allow for the estimation of selected parameters based on results
of measurements of other parameters from this set.

Method

Tests were conducted from March to May at an urban wastewater
treatment plant (WWTP) located in a small town (near Warsaw)
in Poland. Three to five samples of wastewater were taken at
30 min intervals. The physicochemical composition of sewage
entering the plant was analyzed. The technological diagram is
shown in Fig. 1.

During the study period, wastewater tests samples were
collected from 6.03. until 15.05. once a week from 8:00 to 9:15

every 15 minutes using samples taken from the flow channel
between the grit traps and the settling tank. A total of 44
sewage samples were collected and assayed for the following
parameters using the methods given:

— biochemical oxygen demand (BOD.), an OxiTop
Control respirator. Pressure sensor that allows for the
determination of a pressure drop in gaseous phase
(ambient air) in a closed vessel at constant temperature
(Malinska 2016)

— chemical oxygen demand (COD,), the bichromate
method using LCK 014 and LCK 514 cuvette tests
HachLange firm,

— chemical oxygen demand, potassium permanganate
(COD,, ) (Clesceri 1999),

— total organic carbon (TOC) (Clesceri 1999),

— pH, the potentiometric method (Clesceri 1999),

— alkalinity, the alkalimetric titration method (Clesceri
1999).

BOD, tests were performed in two series: 1) using 2-chloro-
6-trichloromethylpyrimidine (TCMP) as a nitrification
inhibitor (BOD,, ), and 2) without an inhibitor (BOD,).

The results of the physicochemical assays which were
methodologically illogical (e.g. cases in which BOD, was higher
than COD) were excluded from further statistical assessment.
The Grubbs test (Zigba 2013) was used to identify outliers.
Results deviating from the trend were removed from the series.
The normality of distribution of the results was verified using
the Shapiro-Wilk test (Zigba 2013). It was found that the
results had distributions close to the normal distribution with
significant level a = 0.05. Descriptive statistics of the results
were done according to Wasilewska's recommendations (2011).
The following properties of distributions were analyzed:

® location of the distribution — arithmetic mean (x_ ),
minimum value (x ), maximum value (x ), median
(X,,.0)> first quartile (Q,) and third quartile (Q,),

® variability — standard deviation (s) and coefficient of
variation (V) — formula (4),

Wastewater W
astewater
from sewerage delivered
l Container Wastewater clivere
< disposal station &=
Screen .
2 Circular
sedimentation tanks
y
2 Longitudinal 4 Longitudinal
Grit Traps =P settling tanks >
/ i Treated
Sampling site Primary 3 Carrousel basin with wastewater
el 7 R om0
A 4
Sludge Digestion Belt presses Sludge
thickener = =¥ tanks > g dryer >
Sludge
. utilization
Biogas
FRRLLL »  Heating station
Biogas :
container |\ 7Rt "
[N Electricity production

Fig. 1. Technological scheme of the wastewater treatment plant showing the location of the sampling site
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® asymmetry — Pearson’s coefficient of skewness (A )
— formula (5) and classical asymmetry coefficient (A )
— formula (6), where p, — third central moment,

e concentration — kurtosis (K) — formula (7), where
u, — fourth central moment and Gini coefficient (G)
according to Kot et al. (2011) — formula (8), where
the values are in descending order, n is the number of
results,

e standard deviation of the residual component Se (9)
and coefficient of random variation Ve (10) where x,
— bservations, n — observations number, w — structural
number in the regression equation (Kot et al. 2011):

g-100%
y=l 7 )
xme
Ap _ 3 (xme - xmed) (5)
o
4= (©)
K =% (7)
n
G=1+Z_n T Z ®)
n
'=1(xi - xme)
=" now ©)
p =S (10)

Since in the calculations of Pearson’s A , determination of
mode was not possible, it was assumed, following the work of
Kot et al. (2011), that the difference between mean and mode
was roughly three times the difference between mean and
median.

Histograms with normal distribution overlay were
constructed to visualize the results and a regression analysis

was performed to find relationships between the individual
parameters (BOD,, BOD_ , COD., COD, , TOC). The
values of measured parameters were very diverse and random.
Thus, in order to determine the relationships among them
the corresponding ratios of the individual parameters were

calculated and analyzed: BOD.,/COD_., BOD, /COD_,
COD_/COD,,, TOC/COD,, BOD /BOD5 » BOD/COD,, ,
BOD, /COD,, ,BOD /TOC BOD_, /TOC, COD,, /TOC.

Results and discussion

The general characteristics of the investigated wastewater
samples are presented in Table 1. The values of the analyzed
physicochemical parameters of the wastewater vary over
a wide range, which is a consequence of irregular inflow of
waste from industrial plants, public utilities, service points etc.
An analysis of the last four columns of Table 1 (minimum/
maximum and quartiles values) shows that the wastewater
entering the WWTP showed quite a high variability of pollutant
concentrations. The large scattering resulted primarily from
the impact of wastewater transported by wastewater trucks.
Generally, wastewater coming from the trucks accounted for
3—4% of the amount of incoming wastewater, but, as reported
by employees of the plant, sometimes several vacuum trucks
came to the WWTP in a short space of time. The COD_, values
in the delivered wastewater in the WWTP Piaseczno oscillated
between 1,000 and 10,000 mgO,xL" and sometimes exceeded
10,000 mgO,xL". Comparable concentrations of organic
substances (BOD,, COD.) occur in domestic wastewater
(Paweska and Kuczewski 2013, Mucha and Kutakowski 2016).
The investigated parameters, with the exception of pH, were
skewed to the right, with the median located clearly below the
mean. The pH distribution was symmetrical.

Figure 2 shows the dependence of the tested indicators on
the overall content of organic compounds, i.e. TOC, BOD;,
BOD,,, and COD,, or COD,, in the wastewater. The data
show that the determination coefﬁ(:lents R? are at an acceptable
level and, as reported by Bobrowski and Mac¢kowiak-Eybacka
(2006), at R? in the range of 0.5-0.81, the dependence is strict.
A significant effect of nitrification on the total BOD, value can
be seen, as the values obtained from measurements performed
without the use of the inhibitor are clearly higher. The average
BOD/BOD,,  ratio was 1.2120.15. This means that some of
the oxygen used in biochemical decomposition was utilized for
the oxidation of ammonium nitrogen. Previous studies confirm

Table 1. Characteristic parameters of the tested wastewater

No. Parameter Unit Mean St. dev. Median Minimum Maximum qul;i:t?Ites anhritri:jes
1. BOD, mgO,xL" 232.0 57.9 218.0 149.0 380.0 189 279
2. BOD,, . mgO,xL" 194.0 51.1 178.0 132.0 279.0 149 235
3. COoD,, mgO,xL"* 283.6 66.6 257.8 178.3 415.2 243 337
4. COD,,, mgO,xL" 111.0 34.8 100.8 57.0 175.8 83 139
5. TOC mgCxL-"! 118.7 33.9 103.7 57.6 171.2 92 154
6. pH - 7.9 0.2 7.9 7.5 8.3 7.78 7.93
7. Alkalinity mvalxL-! 10.5 1.9 9.6 8.6 14.3 9.42 10.6
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this observation (Scholes et al. 2016, Siwiec et al. 2012),
demonstrating that nitrification of ammonium compounds
influences the measurement of BOD, earlier than from day five
on, as usually reported in the literature (Miksch 2000).

By analyzing the functions BOD =f(COD_) and BOD,,
=f(COD_,) (Fig. 2) and using the relationships given by Miksch
(2000) (formulas (1)—(3)), we found that in the expressions
BOD=0.6369COD_ + 61.1653 and BOD,, =0.6694COD,
+6.5931, the absolute terms expressed the effect of nitrification
and the impact of substances that cannot be chemically oxidated
under bichromate. A similar relationship BOD, = 0.431xCOD,,
+21.08 was found for domestic wastewater (Jozwiakowski et
al. 2017). This gave us the opportunity to assess the relative
percentage share of these two components in the BOD, values:
the average nitrification share was about 89%, while the share
of substances, for example ammonia, which were non-oxidable
under the bichromatic method was about 11%.

Table 2 presents the descriptive statistics of the ratios of
the tested parameters from which it can be concluded that
the wastewater exhibited an excellent biodegradability, as
evidenced by the very high ratios of organic decomposition

(BOD,) and organic decomposition in the presence of the
nitrification inhibitor (BOD, ) to total organic impurities
(COD,.) (0.822 and 0.685, respectively). The high
BOD,/COD ratio may have been due to the breakdown of
difficult-to-decompose compounds in the sewage network (Jin
et al. 2015). The speculation that the wastewater contained
a high level of readily decomposable substances was
confirmed by the fact that the WWTP easily generated treated
wastewater with a BOD_ below 10 mgxL" and a COD_, of 30 to
40 mgxL'. It is worth pointing to a significant share of
nitrification in the BOD, values. The mean BOD, score was
27.6% higher than mean BOD, . The medians did not differ
significantly from the means and they were lower than the
means, which meant that the distribution had positive skew,
i.e. a slight dominance of higher measurement values.

The small differences between quartiles Q, and Q, show
that, despite the fact that wastewater was sampled at various
different times, the vast majority of the results are within
a relatively narrow range. This conclusion is confirmed by the
graphs in Fig. 3. The variability of the results shown by the
V. coefficient is not large, as, according to Wasilewska (2011)

400
eT0C BOD; = 0.6369COD, + 61.1653 u
350 H wmBoODs R®=0.6580 5
A BZT5inh .
300 H
0COD Mn mE

B
£
s
8 250
< ODq;,, = 0.6694CODy, + 6.5931
& 200 R*=0.7838
g o 03%e—
2 150 + % 5
o TOC = 0.401COD, + 5.5601
3 100 R? = O.67C88 B
= 50 COD ,,, = 0.4484COD,, - 14.24
R?=0.7333
0
150 200 250 300 350 400 450
COD,, mg-L?
Fig. 2. Relationships between parameters of the effluent and COD,,,
Table 2. Descriptive statistics for the ratios of the parameters tested
No Ratio X in X o X X od Q, Q, S V, A A, K G
1. | BOD/COD,, 0.586 | 0.822 | 0.978 | 0.821 | 0.772 | 0.892 | 0.097 | 11.8% | 0.041 | -0.421 | 2.415 | 0.065
2. | BOD,,/COD. | 0.491 | 0.685 | 0.846 | 0.670 | 0.629 | 0.763 | 0.085 | 12.5% | 0.513 | 0.158 | 2.322 | 0.068
3. |COD,,/COD, | 0.290 | 0.388 | 0.538 | 0.366 | 0.346 | 0.435 | 0.067 | 17.2% | 0.973 | 0.589 | 2.234 | 0.094
4. | TOC/COD,, 0.260 | 0.420 | 0.651 | 0.412 | 0.375 | 0.441 | 0.081 | 19.3% | 0.311 | 0.844 | 4.057 | 0.099
5. | BOD,/BOD,,, | 0.931 | 1.210 | 1.520 | 1.190 | 1.103 | 1.303 | 0.151 | 12.6% | 0.412 | 0.371 | 2.226 | 0.070
6. | BOD,/COD,,, 1464 | 2.163 | 2.925 | 2.105 | 1.887 | 2.329 | 0.374 | 17.3% | 0.474 | 0.484 | 2.345 | 0.095
7. | BOD,, /COD,, | 1.006 | 1.799 | 2421 | 1.766 | 1.653 | 1.905 | 0.285 | 15.8% | 0.350 | 0.026 | 3.706 | 0.084
8. | BOD,/TOC 1.247 | 2.018 | 3.368 | 1.993 | 1.778 | 1.182 | 0.434 | 21.5% | 0.173 | 1.124 | 5.076 | 0.110
9. | BOD,,/TOC 1.031 | 1.681 | 2.819 | 1.583 | 1.512 | 1.760 | 0.370 | 22.0% | 0.798 | 1.217 | 4.674 | 0.111
10. | COD,, /TOC 0.634 | 0.957 | 1.916 | 0.866 | 0.815 | 0.985 | 0.274 | 28.6% | 0.997 | 1.741 | 6.137 | 0.139
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and Nankya and KyungSook (2016), a variance of up to 20%
is considered to be a weak variance and a variance of up to
40% — moderate. In the present study, the highest coefficient
was obtained for a COD,, /TOC ratio of about 28%. Both
the Pearson’s coefficient of skewness A and the classical
asymmetry coefficient A show that the distribution of the
results is not symmetrical. In general, except for one result, the
coefficients are positive, which indicates that the distribution
is skewed to the right, while the numerical values show that it
is difficult to find some mathematical dependence. Wasilewska
(2011) states that asymmetry is very small if A =002 and
A =0,0.4. As the two values increase, the asymmetry becomes
larger, and is considered to be a very large skew if A>0.8
and A >1.6. Practically all of these cases can occur. A similar
pattern was observed in the case of concentration assessment.
In five cases K<3, which meant that the distribution was less
concentrated than the normal distribution (it was flatter),
while in the other five it was more slender than the normal
distribution. The Gini coefficient obtained using the Lorenz
concentration curve showed that the concentration was weak,
since G was less than 0.3.

Tables 3 and 4 give selected linear correlations between
the investigated parameters along with coefficients of
determination which allow for the estimation of one parameter
on the basis of other, measured parameters. Only statistically
significant relationships were selected.

As shown in Table 3, the oxygen parameters (BOD,,
BOD, ,, COD. and COD,, ) correlate quite well with
one another, with R*>0.6; lower correlations are observed
between TOC and BOD,, BOD,,, ‘and COD,, . An acceptable
correlation was obtained for TOC=f(COD_). In spite of
this, almost all the dependencies fell within the range of
0.5-0.81, which according to Bobrowski and Mackowiak-
Lybacka (2006) characterizes closely related parameters. The
relationship between pH and alkalinity is not shown in the
Table 3. The pH of the effluent did not show any statistically
significant relationships, and R? values were low (from —0.12
to —0.26). Density, although statistically significant (R? from
0.63 to 0.80), is not a parameter that is technologically related
to BOD,, COD,, or TOC. The mutual relationships among
BOD,, COD and TOC were strong dependencies, while no
statistically significant relationships were found among pH and
alkalinity (Lee and Nikraz 2014).

Quite often, in both theoretical and practical comparisons,
authors use the ratios of the parameters investigated in this
study. COD fractions are sometimes analyzed (Hocaoglu and
Orhon 2013), which show the share of organic compounds

in molecular and diffused fractions (Szaja et al. 2015).
A particularly widely used relation is the BOD./COD, ratio,
which describes the fraction of easily decomposable organic
compounds in the mass of organic compounds oxidized with
K,Cr,0,. A high value of this ratio confirms the possibility
of conducting an effective biological wastewater treatment
process. Other important relations are COD_/COD,, and
COD_/TOC (Kowalski 2007), and especially the latter or its
inverse, which specify the amount of oxygen needed to oxidize
1 g of carbon in the mass of organic pollutants (Kowalski 2007).
A COD_/TOC ratio above 4 refers to saturated hydrocarbons,
a ratio of 4 to unsaturated fatty acids, and 3.75 to fatty acids.
The lowest values, in the range of 2.6-2.8, refer to humic acids,
carbohydrates and cellulose (Kowalski 2007). In this study,
the mean was 2.46 with a range of 1.54-3.84 and quartiles
Q,=2.27 and Q,=2.66. It can be concluded from these data that
most of the pollutants in the wastewater were carbohydrates
and cellulose derivatives with an oxygen/carbon atom (O/C)
ratio of 0.77 (Kowalski 2007).

The spread of the determinants shown in Table 4 is very
large since R? ranges from 0.149 to 0.721. The best correlation

. . . BOD, _ .[BOD,
was obtained for the relationship === 1 ( 700 ) Values that
1 coD Mn_ _ g BOD S inh
were not much lower were obtained for e ./[ T0C ]
and 8w _ ([B9D ) AJ| the relationships in Table 4 are
T0C T0C p

statistically significant because the probability test p was lower
than the assumed significance level of 0.05, but it is difficult
to treat them as satisfactory, as some of them have R? values
below 0.2, which correspond to a correlation coefficient of less
than 0.5. V_informs that 10.1-24.3% is wrong to calculate the
value of the variable using the regression equations in Table 4.

Multiple regression analysis yielded much better results,
as shown in Table 5. The best- and the worst-fitting lines are
shown in Figure 3.

Table 5 shows only those functions whose determination
coefficient was greater than 0.6 and the coefficient of random
variation is in the range of 9.1-12.6%. As already mentioned,
such functions are quite useful for describing individual
parameters (Fig. 3 a and b). A detailed analysis of the functions
given in Table 5 shows that one parameter from each ratio on
the left of the equality sign is repeated on the right. This implies
that COD_, can be calculated from equations 1 and 2, COD,
— from equation 7, BOD, — from 3 and 5, and BOD,, , — from 4
and 6. The correlations in which both parameters to the left of
the equality sign were unknown could not be accepted because
R? was very low. Also TOC did not correlate very well with the

Table 3. Selected functional relationships between the test parameters (mgxL™)

Relation R? Relation R?
BOD,,, =15.6 +0.769 - BOD, 0.760 CoD,, =-3.115 +0.58837 - BOD,, , 0.748
COD_, =50.214 + 1.0058 - BOD, 0.766 TOC =20.721 + 0.50509 - BOD,,, 0.581
COD,, =-6.755 + 0.5077 - BOD, 0.716 COD,, =-15.22 + 0.44527 - COD, 0.728
TOC =15.319 + 0.44566 - BOD, 0.581 TOC =2.4672 + 0.40996 - COD_, 0.650
COD., =58.181+1.1617 - BOD,, 0.794 TOC =42.533 + 0.68612 - COD,,, 0.496

BOD =3.376 - 107 -

BOD = 1.813 - TOC*#244,
COD*+6.82 - 10 - COD? + 3,69 - 10 - COD + 4.822 (Bhat et al. 2003)
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other parameters. The values of the coefficient of determination
. . T0C
R? for the ratios for calculating TOC COD .

ODCV
BOD; 50, BODsin (23; and COPuws 0.47. This is logical
T0C TO0C T0C
since TOC is the only non-oxic indicator and, as such, is not
expressed in the same units as the other indicators.

From the above analysis it can be seen that it is difficult
to find a ready solution that would work in all conditions.
However, it is worth running routine tests of wastewater
because, given the repetitive habits of the users of a WWTP,
such tests allow one to predict approximate ranges of the

were 0.09;

wastewater parameters, eliminating the need to measure them
on every occasion.

The residual analysis was performed to assess the fit of
the models. Points in the distribution of residuals are arranged
randomly. The value of the W statistic from test Shapiro-Wilk
for all models was greater than the critical value, hence it can
be concluded that for p<0.05 the residual distribution is normal.

Summary

As can be seen from literature reports and our own research,
the relationships among the basic parameters of wastewater

Table 4. Selected functional relationships between the ratios of the test parameters obtained by the linear regression method

Relationship RV, Relationship RYV,
BOD; _ 4222 +0.5839- 20Psm. 0.267 BOD: _3.71233-4.0591. 19€ 0.573
con,, con,, 10.1% TOC cob,, 14.1%
BOD; _.6319+0.7036. 292 0.200 BODsun _3 098133738 L0 0.545
BOD,,, cob, 11.2% TOC cob,, 14.9%
BOD; _o.8183+1.6364- 2905 0.179 €O _ ) 891-2.2234. 19€ 0.432
cob,, cop,, 15.7% T0C cop,, 21.7%
BOD; _ .5928+1.7344. B9Ds 0.149 BOD: _ 0.8453+1.0891. 29 0.196
TOC cob,, 19.8% cob,, ob,,, 15.5%
€O _ 1675 +0.3219 - 22Psun 0.171 BODsun _ 0.6463+0.5327. 220 0.490
cop,, cop,, 15.8% cob,, oD, 11.3%
BOD: 185409402 Z%Dsun 0.280 €Dy, _ 1 7950-0.3873 2005 0.280
BOD,,, oD, 10.7% TOC cob,), 24.3%
BODsn _ 0 44721418022 25 0173 CODu, _ 1 8874-0.5172. 5% 0.289
T0C oD, 20.0% TOC cob,, 24.1%
CODy, e 14.5% T70C T0C 11.6%
B0 — 39785 -3.0414. S0P 0.507 CODuu _ 40471+ 0.4976. 2985 0.623
cob,, con,, 1.1% TOC TOC 17.6%
cob,, cobD,, 0.426 COD BOD;, 0.668
S 0,0834+2.6824- — - C€ODy, _ 40592 +0.6046- Z9Psins -
T0C cob,, 21.7% roc 00992 +0.6096-= 00 16.5%

Table 5. Selected functional relationships between the ratios of the tested parameters obtained by the multiple regression method

No. Function RV,
1. COD, _ 0 782-0306-292 40200898 _37580Pon _ 530898 1189 3150, 0.719
con, » cob,, cob,, T0C T0C T0C 9.1%

2 TOC _ | 656-0.962-29% 10471895 _41380Psn _ 37 80D: _ (33, 80Dy (3, CO0Pu, 0.671
con, » cob,, cob,, T0C T0C T0C 11.0%

3 BOD, _ 39144768789 _157535%Pus _ 006 L0 _ 027089 _5 547B%Dim | 4,43 COPun 0.638
cob,, con, con, » D, T0C T0C 10.4%

4. BODys _ 335444740898 19275808 1938 TOC 541 89D _; gy BOD: | 5 373C0Ds, 0.654
cob,, con, X ", o T0C TOC 9.4%

5 BOD, _ 3 021452818980 _12,001€%Pus 1 0412 L9C 1 092 8%os _ 701 8%Puis ; 3,139 COPus 0.814
: T0C con,, X oD, cob,, TOC TOC 9.3%
6. BODus _ 5 7444462889 11,064 C%Pms 40428 1O 1 083898 _ 401 B9L: | 5 505C9Pus 0.829
T0C X X con, cob,, T0C T0C 9.1%

7 CODyy __4362-224589D 1001289 1 3951 TOC 15850 BODs 79650 | 5 349B0Ds 0.806
: T0C con, X X BOD,, T0C T0C 12.6%
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Fig. 3. Scatterplots with the worst — (a) and best-fitting (b) multiple regression lines

can be described by various different types of equations. It
is difficult to find a universal equation for all the different
cases. The diversity is due to the nature of sewerage system,
and, above all, the presence and types of industrial plants, the
types and sizes of public utilities and the amount of rainwater
entering the sewer network. Nevertheless, computational effort
can be reduced by running statistical tests for a particular
wastewater parameter and using the results to calculate the
other parameters. This suggestion is confirmed by the data
given in Table 2, which shows an abundance of samples
between the extreme quartiles. Coefficients of determination
have very different values — from very low, or even statistically
insignificant, to quite high-close to unity.

Linear regression does not produce satisfactory results,
as its ability to estimate the parameters sought is limited. The
best results are obtained by using multiple regression. This
method requires more measurements, but when the appropriate
functions are found for a given facility (as shown in Table 5),
multiple regression can be used to evaluate further wastewater
parameters in a simple and convenient manner.

Models can be used in other wastewater treatment plants,
but the numerical coefficients should be verified by own studies
of incoming sewage.
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Korelacje pomiedzy wskaznikami zanieczyszczen organicznych
w sciekach komunalnych

Streszczenie: W pracy przedstawiono wyniki badan parametrow wykorzystywanych do oznaczania ilo$ci
zanieczyszczen organicznych w §ciekach wpltywajacych do zbiorczej oczyszczalni Sciekdw o rownowaznej liczbie
ludnosci okoto 120 000 mieszkancow. Zaktad stanowi czgs¢ systemu kanalizacyjnego. Testy przeprowadzono dla
biochemicznego zapotrzebowania na tlen (BZT,), chemicznego zapotrzebowania na tlen (COD_,), utlenialno$ci
(COD,, )iogodlnego weglaorganicznego (TOC). Ponadto okreslono warto$¢ pH $ciekowiichzasadowos$¢. Pobieranie
probek doplywajacych $ciekdéw i pomiar parametréw fizykochemicznych przeprowadzano raz w tygodniu, na
wiosng. Zebrano tacznie 44 probki sciekow. Okreslono korelacje miedzy poszczegodlnymi parametrami i korelacje
miedzy stosunkami tych parametrow. Stwierdzono, ze mozliwe bylo oszacowanie, z wystarczajaca doktadnoscia,
warto$ci wybranych parametréw do oznaczania stezen zwigzkow organicznych w §ciekach komunalnych, znajac
warto$ci innych parametrow w tej grupie. Ponadto wykazano, ze znajac zalezno$¢ migdzy analizowanymi
parametrami, mozna znalez¢ réwnania regresji wielokrotnej dla danego typu $ciekéw, ktore pozwalajg obliczy¢
pozostate zalezno$ci przy dobrym dopasowaniu, o wspotczynniku determinacji R? wigkszym niz 0,6.



