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Wastewater characteristics by physico-chemical parameters from different types of treatment
plants
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Abstract. The purpose of the present study was to make wastewater characterization by physico-chemical parameters from two wastewater treatment plants
(WWTPs) – Municipal WWTP (MWWTP) and Poultry meat processing enterprise WWTP (PMPEWWTP). The investigation was carried out during 2016 and 11
wastewater parameters (ToC, pH, EC, SS, COD, BOD and total forms of N, P, K, Na and chlorides content) were controlled in 4 monitoring points (MPs) at both
WWTPs: MP-1 – inlet of WWTP, MP-2 – after section of biological treatment, MP-3 – outlet of vertical precipitators and MP-4 – outlet of WWTP. Wastewater
samples were collected every two months from each MP and were analyzed by validated Bulgarian State and ISO standards. The following were recorded: a)
the value limit variation at the surveyed parameters and their characteristics by monitoring points in both treatment plants; b) that both TPs demonstrated high
removal efficiency (81.6-98.6%) in regard to SS, COD, BOD5, Total N and Total P, and very low removal efficiency in regard to Total K (2.2-12.5%); c) that the
final effluents from both WWTPs meet the ecological requirements for discharge in the receiving water bodies (Bedecka River and Azmaka River, respectively)
for the parameters SS, COD, BOD5 and TN and deviate from them by phosphorus content that exceeds the permitted limit; d) that in MWWTP there are 25
correlations (15 positive and 10 negative) between monitored WW parameters and in PMPEWWTP - 28 correlations (19 positive and 9 negative), respectively;
e) that there are different trends in the changes of the controlled physicochemical parameters by monitoring points and by months in both WWTPs determined
on the basis of a regression model - a polynomial of degree II; f) that Na, Cl, COD and BOD5 WW content correlates very well with some other parameters, which
allowed the development of linear regression models to determine their concentrations.

Keywords: wastewater treatment plant, wastewater, physico-chemical parameters, correlations, regression models

Introduction
Water is the most useful and important resource of life and of all
human activities. As water quality becomes a leading concern for
people and ecosystems worldwide, it is critical to properly assess
water quality in order to protect water resources for current and
future generations. Growing water scarcity threatens economic
development, sustainable human livelihoods, environmental quality,
and a host of other societal goals in countries and regions around the
world. One of the major issues of water management is the pollution
originating from many sources of anthropogenic activities, mostly
due to uncontrolled or ineffective removal of various liquids, solid
wastes or residues (Li and Migliaccio, 2011; Hophmayer-Tokich,
2012).
With urbanization of settlements, the progressive increase of
population, development of agriculture and industry the amount of
emitted wastewater is constantly growing – mainly urban and
industrial (Rojas-Valencia et al., 2011). Bulgaria is no exception to
this trend. Although the amount of wastewater generated from point
sources in the country has been gradually decreasing in recent
years - from 461.7 million m3/year in 2010 to 419.5 million m3/year in
2016, these waters can create a number of environmental problems,
mainly with pollution of natural water – surface and underground
(SYRB, 2017). Therefore, irrespective of whether the wastewater
from the settlements is discharged into receiving water bodies or
used for irrigation of crops, they must be purified to certain limits.
Domestic and industrial wastewater has to undergo a well-defined
treatment process prior to their release into local water bodies,
mainly due to environmental, health and economic concern. The
* e-mail: diyana.dermendzhieva@trakia-uni.bg
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methods used in Wastewater Treatment Plants (WWTPs) depend
on the extent of pollution, type of pollutant (organic, inorganic or
toxic) and the further usage of the treated effluent. WWTPs
classically provide regulated effluents with limited quantity of
contaminants in order to maintain an ecologically controlled
environment. Regulated effluents are maintained by means of
diverse unit operations applied to the incoming wastewater in a
sequential manner until a cleaner outflow is achieved (Jorgensen,
1991; Singh et al., 2010; Templeton and Butler, 2011; Ivanov, 2013).
Classical methods of wastewater treatment are divided into
mechanical, physicochemical and biochemical. Mechanical
treatment is intended for trapping of nonsolute contaminants by bar
screens (to remove large waste), sand catchers (to separate mineral
contaminants, mostly sand), sedimentation tanks (to remove sinking
and floating contaminants and filters. Mechanical treatment facilities
reduce concentration of suspended substances by 40–60%, which
leads to reduction of BOD value by 20–40%. Biological treatment
methods are based on activity of microorganisms which mineralize
solute organic compounds that serve as a nutrient source for such
microorganisms. They provide reduction of BOD contamination
values by 80–95%. Physicochemical treatment methods are applied
very rarely. A peculiarity of physicochemical WWTPs is that such
plants can be put into operation very quickly (Taraschenko,
2008/2009; Iordache and Dunea, 2013; Salama et al., 2014).
These methods may include flotation and coagulation. Flotation
is one of the kinds of adsorptive bubble separation which is used for
cleaning water from light particulate pollutants, mostly of organic
origin, and also from solute surfactants. The effectiveness of the
flotation process varies widely from 20 to 99% (Liu et al., 2011).

Coagulation is understood as physicochemical agglomeration of the
finest colloidal and dispersed particles under the influence of
molecular attraction forces. It provides high treatment efficiency for
COD – 78%, BOD – 91.3% and suspended substances – 98.8%
(Papadopoulos et al., 1997; Mahvi et al., 2004; Cakir and Stenstrom,
2005; Fulazzaky, 2009; Hamawand, 2015).
As a result of the implementation of Directive 91/271/EEC on
urban wastewater treatment and the National Program for the
Priority Construction of Urban Waste Water Treatment Plants a total
of 174 WWTPs are built and function in Bulgaria, including 7 with
primary treatment, 97 with secondary treatment and 109 with aftertreatment after secondary treatment (Dinkova, 2011; SYRB, 2017).
In addition, the food processing units which generate wastewater
also have treatment plants according to the legal requirements.
Studies carried out so far in both types of WWTPs - municipal and at
the farm processing units indicate that some quality wastewater
parameters cannot achieve the regulatory requirements for
discharge in water bodies (Kostadinova et al., 2007, 2009, 2014;
Libhaber and Ороско-Jaramillo, 2012; Fridrich et al., 2014;
Hamawand, 2015).
Moreover, the emphasis in most studies is on treated
wastewater quality at the outlet of the treatment plant, fewer are the
investigations that reveal the mechanisms of wastewater treatment
during the individual purification stages – mechanical, biological,
additional. All this motivates this study the purpose of which was to
make wastewater quality characterization and assessment at key
treatment processing points in two types of wastewater treatment
plants – urban and meat processing enterprise, with a view to seek
solutions that would improve their efficiency.

Material and methods
Study area
The study was conducted from January to November 2016 in
two wastewater treatment plants (WWTPs) – Municipal Wastewater
Treatment Plant (MWWTP), town of Stara Zagora, and Poultry Meat
Processing Enterprise Wastewater Treatment Plant (PMPEWWTP),
village of Kolarovo, district of Stara Zagora. MWWTP is the most
modern in Bulgaria with a biogas module. It is located 2 km in southeast direction of Stara Zagora, with a capacity of 100 000 population
equivalents and processing 3507 m3 wastewater per hour. It treats
urban wastewater (WW) that includes domestic and industrial
wastewater (from the brewery, oil production plant, forage plant,
machine building and other human activities) and rainwater. The
PMPEWWTP is located 500 m northwest of the village of Kolarovo,
with a capacity of 500 population equivalents and processing 48 m3
wastewater per day. It treats wastewater from the plant's production
activities (including cleaning water from inventory and poultry cuts)
and domestic fecal waters from the personnel.

sludge) methods with subsequent flotation. The coagulants used
were (FeCl3.6H20) in MWWTP and (Fe2/SO4/3), and flocculant
Praestol 650 BC in PMPEWWTP. The final effluents from both TPs
are discharged in the Bedechka River and a small tributary of the
Azmaka River, respectively. Then the water from the two rivers flows
successively into the Maritsa River and the Aegean Sea.
Monitoring points
For the purpose of the study four monitoring points (MPs) of
both treatment plants (TPs) were identified:
· MP-1 - inlet of TP, raw wastewater;
· MP-2 – after section of biological treatment;
· MP-3 – outlet of vertical precipitators;
· MP-4 - outlet of TP, treated wastewater.
Sampling and sample preparation
During the experimental period (January to November 2016),
wastewater samples were collected every two months from each MP
of both TPs (total 48 samples). For wastewater sampling and sample
preparation for analyses, international references (ISO 5667-1; ISO
5667-3; ISO 5667-10) were used. The samples for physicochemical
analysis were collected in dark (to eliminate photo-oxidation
processes) chemically clean glass containers (3L). The collected
wastewater samples were transported in a cool bag to the laboratory
of the Research Center for Environment, Faculty of Agriculture,
Trakia University, and processed for analysis up to 2 h after the
collection.
Parameters and methods for analysis
All analyses were performed in triplicate, for the following 11
physico-chemical parameters: Temperature (T, oC) and Active
reaction (pH) – ISO 10523, by pH-meter “Lab 850” with built-in
temperature sensor; Electrical Conductivity (EC), (µS/cm) – EN 27
888, by “Multi 340i/SET”; Suspended Solids (SS), (mg/L) – BSS
17.1.4.04, by determining the mass of detainees on filter paper
suspended solids in a certain volume of wastewater, after drying at
105ºC; Chemical Oxygen Demand (COD), (mg/L) - ISO 6060;
Biological Oxygen Demand for 5 days (BOD5), (mg/L) – EN 1899-1, 2
(BOD-System OxiDirect); Total Nitrogen (TN - N-NH4, N-NO2, NNO3, Norg.), (mg/L) – EN 25663, by the method of Kjeldahl and using
steam distiller “UDK 146”; Total Phosphorus (TP), (mg/L) – EN 68781 at a wavelength of 880 nm, Chloride (Cl-), (mg/L) – ISO 9297 and
elements: K - 766.5 nm and Na - 589.0 nm (ISO 9964) by Atomic
absorption spectrometric method (AAnalyst 800 - Perkin Elmer) of
flame.
Statistical analysis
The statistical analysis of the data was done by using Microsoft
Excel (Microsoft Office 2000) and STATISTICA for Windows.
Results and discussion

Study design
MWWTP and PMPEWWTP include three stages of wastewater
treatment: Ist stage - mechanical treatment (gratings and filters) for
removal of coarse (cloth, paper, plastic, metal objects, bird feathers
and similar) and fine impurities (small particles of various materials);
IInd stage - biological treatment (aeration tanks, secondary settling
tanks) for removal of the most subtle particles, decontamination and
mineralization of organic matter; IIIrd stage - additional treatment to
limit the amounts of phosphorus and nitrogen by physico-chemical
(precipitation, coagulation, filtration) and biological (adding active

Characteristics of the physico-chemical parameters.
Temperature (ToC). In all MPs of both TPs WW temperature followed
the air temperature changes during the different seasons and varied
from 10.2 to 26.5oC in MWWTP and from 10.1 to 26.5oC in
PMPEWWTP (Table 1). The small differences between the different
MPs are not statistically proven and show that plant treatment
processes do not affect WW temperature.
Active reaction (pH). The parameter values range from 6.27 to
7.75 pH units in MWWTP and from 6.33 to 7.79 pH in PMPEWWTP
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Table 1. Characteristics of treated wastewater by physicochemical parameters (n=6)

Parameter

Unit

T

ºС

рН

Units

EC

μS/cm

SS

mg/L

COD

mg/L

BOD5

mg/L

Total N

mg/L

Total P

mg/L

Total K

mg/L

Total Na

mg/L

Cl-

mg/L

MWWTP

MP*
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4
MP-1
MP-2
MP-3
MP-4

PMPEWWTP

±SD

Cmin

Cmax

±SD

±SD

Cmax

16.1±6.03
16.2±5.99
16.0±6.19
16.7±5.94
7.57±0.13ef
6.82±0.06e
6.66±0.22f
7.49±0.15
697.3±52.8cdе
638.3±41.8d
654.3±43.0е
638.2±51.4c
59.9±20.0 efg
2761.8±828.1e
6998.2±2398.7f
6.31±4.88g
196.1±56.0cde
63.0±45.1c
92.8±58.8d
20.2±9.15e
79.5±26.2cfg
7.67±1.51g
15.2±3.06c
3.33±1.21f
65.7±46.7a
376.1±359.0
739.7±733.1
5.84±1.58a
38.6±11.0acg
369.4±165.3c
643.2±517.7a
1.08±0.24g
7.59±3.20c
7.52±2.89
10.8±1.92c
7.42±2.39
39.4±8.32a
36.6±8.23
35.9±8.28
34.9±7.99a
36.3±5.25
35.4±7.00
39.9±4.45
34.1±3.79

10.2
10.5
10.5
11.4
7.35
6.72
6.27
7.29
630
578
586
569
36.0
1349
3994
3.46
145.0
24.0
32.0
9.00
52.0
5,00
12.0
2.00
28.6
143.0
275.2
4.29
26.4
163.8
218.2
0.65
4.79
4.24
8.50
5.07
25.8
25.7
25.4
25.1
29.3
25.7
37.2
29.0

25.3
26.0
25.9
26.5
7.75
6.87
6.90
7.72
759
679
700
699
81.6
3916
9545
16.1
279.0
140.0
203.0
34.0
121.0
9.00
19.0
5.00
153.0
1092.8
2213.6
8.58
58.0
648.0
1600.8
1.29
13.6
12.6
13.9
11.8
49.3
48.6
47.9
46.8
49.3
46.3
48.9
39.9

16.0±6.29
16.0±6.26
16.1±6.33
16.2±6.61
6.65±0.26efg
7.42±0.19g
7.44±0.19f
7.61±0.16e
1288.5±365,5fgh
3305.0±430.7h
3306.7±445,8g
3261.7±329,8f
188.2±57.3ghi
3240.0±875.4g
3040.0±624.5h
34.6±8.13i
685.0±204.8dgh
310.3±92.9g
150.3±36.9d
31.0±7.16h
357.3±105.5cdi
121.0±23.8c
71.7±23.5d
11.3±4.89i
69.0±24.7 aci
196.1±116.1a
154.7±43.5c
5.89±2.72i
255.6±72.0gh
419.0±57.1g
261.5±25.8
3.62±0.70h
18.4±5.70
17.0±4.79
16.5±3.93
16.1±3.68
184.8±84.8ghi
731.7±46.0g
719.0±88.4h
490.5±51.2i
130.0±30.1hij
830.8±68.7h
767.3±113.1i
506.5±104.3j

10.1
10.2
10.2
10.1
6.33
7.24
7.26
7.31
695
2510
2480
2680
141.5
1980
2092
19.8
372.0
221.0
98.0
22.0
179,0
92.5
45.3
4.20
37.2
112,1
100.1
1.43
152.8
348.1
219.8
2.66
10.1
9.50
9.20
8.80
116.4
659.2
556.3
411.0
86.7
724.8
555.8
405.3

25.5
25.5
25.6
26.5
7.08
7.72
7.71
7.79
1665
3690
3720
3630
266.0
4487
4045
44.0
894.0
424.0
184.0
40.0
454.3
157.2
97.4
17.1
98.1
424.6
214.4
8.80
347.2
491.2
292.2
4.45
24.9
20.5
19.1
18.8
337.2
785.1
800.0
579.3
170.4
896.2
893.3
693.2

*MP – Monitoring point; MP-1 – inlet of WWTP, MP-2 – after section of biological treatment, MP-3 – outlet of vertical
precipitators and MP-4 – outlet of WWTP
**Differences between values by columns are significant at P<0.05 – aa, P < 0.01 – bb, P < 0.001 - cc, dd, ee, ff, gg
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(Table 1). Kushwah et al. (2011) reported similar seasonal results for
WW influent-effluent pH values (6.54-8.33) in different MPs of a
sewage treatment plant, Bhopal, India. The differences between
average pH values by MPs are statistically proven (P<0.001) for both
TPs. The results obtained show that the mechanical and biological
wastewater treatment do not influence their acidity. In this regard
Vasilev (2001) reckons that the process of self-purification of water is
carried out most effectively in neutral reaction of water. Therefore, in
this case it can be assumed that the neutral wastewater reaction
supports their self-purification.
Electrical conductivity (EC). EC depends on ions (Na+, Cl-, Ca2+,
2+
Mg , K+, CO32-, SO42-) and its concentration in wastewater. The
parameter values fluctuate in different range in both TPs – within
narrower boundaries in Stara Zagora TP (569-759 μS/cm) and in a
significantly wide range in the Kolarovo village TP (695-3720
μS/cm). The results reveal different trends of change in the EC at the
individual monitoring points. In MWWTP electrical conductivity
decreased 1.09 times on average in MP-4 compared to MP-1. In the
other station is the opposite, EC values in MP-4 were 2.53 times
higher on average than in MP-1. In our opinion, this is due to the
flocculant used (Praestol 650 BC), which is added before the
wastewater enters the biobasins. The flocculant is a high molecular
weight electrolyte (cationic/anionic) based on polyacrylamide. On
the one hand, the flocculant helps to remove suspensions,
emulsions, dissolved organic and inorganic substances from
wastewater, but on the other hand it has a significant influence on the
WW EC, because its structure contains Na+/Cl- ions, which pass into
the wastewaters, thus changing their salt content, respectively
electrical conductivity (Del Nery et al., 2007).
Suspended solids (SS). The parameter values varied across a
very wide range, both between the individual MPs for each treatment
plant and between the two treatment plants – from 3.46 to 9545 mg/L
and from 19.8 to 4487 mg/L, respectively. Notwithstanding this, both
stations show a similar trend of change in the SS content between
the different monitoring points. Average SS quantity increased at
MP-2 compared to MP-1 (460 and 17.3 times, respectively), in MP-3
it increased 2.53 times than in MP-2 at MWWTP, while at
PMPEWWTP SS lightly decreased (1.07 times), in MP-4 SS was
drastically reduced compared to MP-4 (1109.3 and 87.9 times,
respectively) and finally at MP-4 SS content was less than in MP-1,
with 9.51 times and 5.43 times, respectively. All differences between
the points are statistically proven at P<0.01-0.001. The reasons for
this high parameter values fluctuation are most likely due to the
complex processes of mineralization of organic matter in biobasins,
the addition of coagulants and organic sludge. Both TPs
demonstrated high SS removal efficiency – 89.5 and 81.6%,
respectively.
COD. All COD values in MPs at MPEWWTP were higher for the
relevant MPs values at MWWTP, 20.2±9.15-196.1±56.0 and
31.0±7.16-685.0±204.8, respectively (Table 1). Higher COD levels
in MPEWWTP WW can be related to the fact that the wastewater
from the meat processing plant is rich in organic matter, while urban
wastewater, in addition to organic substances, contains also
industrial mineral pollutants. COD values differences between MPs
are statistically proven for both treatment plants (P<0.01-0.001). A
general trend of change in COD values is observed, which
decreased from MP-1 to MP-4, 9.71 and 22.1 times on average.
COD removal efficiency was very high – 89.7 and 95.5%,
respectively. Similar to these were the results reported by Rupali et
al. (2015), 90.1-93.1% for Vithalwadi MWWTP, Pune region, India.
BOD5. The measured parameter values in both TPs changed
analogously to the COD values. They decreased drastically and

reliably (P<0.05-0.001) from MP-1 to MP-4 (Table 1), 23.9 and 31.6
times on average, respectively. BOD5 levels from the urban TP were
significantly higher than those from the meat processing treatment
plan – 4.49 (MP-1), 15.6 (MP-2), 4.71 (MP-3) and 3.40 (MP-4) times.
The explanation for this is analogous to that of COD, i.e. more
organic substances in the wastewater from the meat processing
plant compared to urban wastewater. Both TPs demonstrated very
high removal efficiency – 95.8 and 96.8%, a little higher than the data
established by Rupali et al. (2015) for MWWTP in India (85.691.6%).
Total Nitrogen (TN). This parameter varies widely in MPs of
MWWTP (4.29-2213.6 mg/L) and at considerably narrower borders
in MPs of PMPEWWTP (1.43-424.6 mg/L). It is noteworthy that at
the MP-1 and MP-4 of both TPs, the average nitrogen content was
very close (65.7±46.7-69.0±24.7 mg/L and 1.08±0.24-3.62±0.70
mg/L), while in the other two MPs (MP-2 and MP-3) it was much
higher (376.1±359.0-739.7±733.1 mg/L and 196.1±116.1154.7±43.5, respectively). The reason for these significant
fluctuations in total nitrogen concentrations in the biobasins (MP-2
and MP-3) is most likely due to the transformation of nitrogencontaining organic matter by ammonification, nitrification, and
denitrification, and the conversion in elemental nitrogen, CO2 and
H2O. Differences in TN values are statistically proven between MP-1
and MP-4 (P<0.05) in the municipal TP and between all MPs in the
meat processing enterprise TP (P<0.05-0.001). Total nitrogen
removal efficiency of both TPs was high and very close 91.1-91.5%.
Total Phosphorus (TP). TP quantity ranged from 0.65 mg/L at
MP-4 to 1600.8 mg/L at MP-3 in MWWTP and from 2.66 mg/L at MP4 to 491.2 mg/L at MP-2 in PMPEWWTP. The results obtained were
much higher for influent and much lower for effluent than the results
established by Kushwah et al. (2011) for influent-effluent (11.414.5/5.93-10.1 mg/L) of a sewage treatment plant, Bhopal, India.
The differences in TP values between all MPs of both TPs are
statistically proven (P<0.05-0.001). There is an analogy in the
change of total P by MPs at both TPs as well as in the total N (Table
1). The amount of TN increased at MP-2 compared to MP-1 (9.58
and 1.63 times on average), in MP-3 it increased 1.73 times at
MWWTP and decreased 1.59 times than MP-2. This anomaly could
be explained by the wrong choice of coagulants (FeCl3.6H20 in
MWWTP) and their dosing, which does not allow coagulant byproducts elimination from the biobasins and achieving the desired
treatment result. With respect to this parameter, the removal
efficiency was very high - 97.2 and 98.6%, respectively.
Total Potassium (TK). The parameter values varied within
relatively narrow limits – from 5.07 to 13.9 mg/L in MWWTP and from
8.80 to 24.9 mg/L in PMPEWWTP. Mean concentrations slightly
fluctuated between different MPs with a slight tendency to decrease
at a MP-4 compared to MP-1. These results indicate that the
treatment processes have no influence on the WW potassium
content. According to Garvanska (2008), this is due to the fact that
potassium compounds are water-soluble and remain in the
wastewater after different stages of their treatment. When
comparing the results between the two treatment plants, it can be
seen that average potassium wastewater levels are higher from 1.52
times at MP-3 to 2.42 times at MP-1 in MWWTP than those in
PMPEWWTP. It is likely that the poultry meat processing produces
by-products containing higher amounts of potassium than urban
wastewater. TK removal efficiency was negligible – 2.2 and 12.5%,
respectively.
Total Sodium (TNa). Indicator values varied in different borders,
and at different levels in both TPs – from 25.1 to 49.3 mg/L and from
116.4 to 800.0 mg/L, respectively. Opposite trends of change in TNa
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content were observed between MPs for both TPs. In MWWTP TNa
concentrations decreased from MP-1 to MP-4, 1.13 times on
average, while in PMPEWWTP they increased from MP-1 to MP-4,
2.65 times on average. The main reason for this opposite trend in the
second TP is the flocculant used (Praestol 650 BC), where the
sodium cation is incorporated into the structure of the monomer
involved in the polymeric chain of the polyacrylamide. In this case,
the flocculant acts as anionic polyelectrolyte in respect to the WW
organic pollutants, among which except forces of attraction chemical
bonds are also formed (Singh et al., 2000; Bobirica et al., 2014).
Chlorides (Cl). The content of chlorides varied in a different
range between the individual monitoring points and at different
levels between the two TPs (25.7-49.3 mg/L and 170.4-896.2 mg/L).
Trends in the metric values change in both stations are similar to
those of total sodium. In the first TP, the amount of chlorides
decreases from MP-1 to MP-4 (1.06 times on average) and in the
second TP is the opposite - the amount of chlorides increases from
MP-1 to MP-4 (3.90 times on average), which is result of the
flocculant used (Praestol 650 BC). The structure of the monomers
constituting the polymeric chain of the polyacrylamide contains a
chlorine anion, as a result of which the flocculant acts as a cationic
polyelectrolyte to the organic pollutants in the waste water and
causes repeated increase of the total sodium content.

Treated WW (effluents) quality for discharge in the receiving
water bodies. The treated wastewater assessment by this criterion is
made by five parameters (SS, COD, BOD5, total N and total P),
according to Regulation No. 6 (2000) on emission limits for the
permissible content of harmful and dangerous substances in the
wastewater discharged into water bodies.
The results showed that the final effluents from both TPs meet
the discharge requirements in the water bodies (Bedecka River and
Azmaka River, respectively) on the parameters SS (except
maximum values in PMPEWWTP, which were higher than the norm),
COD, BOD5 and TN as the measured concentrations (minimum,
average and maximum) were lower than the permissible limits (35.0,
125.0, 25.0 and 10.0 mg/L, respectively). The allowable total
phosphorus content (up to 1.0 mg/L) is exceeded for mean and
maximum values in MWWTP and all values in PMPEWWTP. The
final ecological assessment determines the treated wastewater from
the two TPs as not appropriate for discharging into the receiving
water bodies since the total phosphorus content exceeds the
permissible concentration. Hence, despite the additional
wastewater treatment in both TPs with coagulants and flocculants to
remove excess nitrogen and phosphorus, the desired effect is only
achieved with regard to nitrogen compounds. This calls for further
studies in this direction with a view to finding an appropriate solution

Table 2. Pearson's correlation matrix for the WW physico-chemical parameters, MWWTP, Stara Zagora

o

TC
pH
EC
COD
BOD5
SS
TN
TP
TNa
TK
Cl

ToC

pH

EC

COD

BOD5

SS

TN

TP

TNa

TK

Cl

1.00
-0.15
-0.45*
0.21
0.00
-0.09
-0.26
-0.07
0.77*
-0.36*
0.08

1.00
0.07
0.37*
0.57*
-0.68*
-0.54*
-0.57*
-0.07
-0.79*
-0.72*

1.00
0.12
0.15
0.10
0.06
-0.11
0.23
-0.25
-0.40*

1.00
0.83*
-0.25
-0.27
-0.11
0.05
-0.04
-0.26

1.00
-0.32*
-0.22
-0.23
0.32*
-0.17
-0.28

1.00
0.66*
0.63*
-0.04
0.94*
0.93*

1.00
0.43*
0.06
0.90*
0.91*

1.00
0.08
0.88*
0.88*

1.00
-0.34*
0.04

1.00
0.90*

1.00

*Marked correlations are significant at p<.05000 N=24 (Casewise deletion of missing data)
Table 3. Pearson's correlation matrix for the WW physico-chemical parameters, PMPEWWTP, Kolarovo village

o

TC
pH
EC
COD
BOD5
SS
TN
TP
TNa
TK
Cl

ToC

pH

EC

COD

BOD5

SS

TN

TP

TNa

TK

Cl

1.00
-0.06
0.16
0.09
0.05
0.08
-0.20
0.05
0.02
-0.50*
0.04

1.00
0.88*
-0.77*
-0.81*
0.25
0.09
-0.26
0.70*
-0.07
0.74*

1.00
-0.69*
-0.75*
0.46*
0.23
-0.01
0.87*
-0.15
0.89*

1.00
0.97*
-0.18
0.10
0.49*
-0.59*
0.25
-0.56*

1.00
-0.28
0.05
0.40*
-0.64*
0.24
-0.64*

1.00
0.64*
0.68*
0.77*
-0.07
0.77*

1.00
0.75*
0.52*
0.09
0.51*

1.00
0.32*
0.07
0.34*

1.00
-0.11
0.98*

1.00
-0.10

1.00

*Marked correlations are significant at p<.05000 N=24 (Casewise deletion of missing data)
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for phosphorus compounds as well (Parsons and Smith, 2008).
Statistical analysis. Correlations. The instant Pearson's
correlation coefficients of the WW physico-chemical parameter
variables from both treatment plants are presented in Tables 2 and 3.
The results show 25 relationships (15 positive and 10 negative)
between the monitored WW parameters in MWWTP and 28
relationships (19 positive and 9 negative) in PMPEWWTP.
The parameter pairs, which are significantly correlated with
each other (P<0.05-0.001), are as follows: MWWTP: ToC – TNa
(r=0.77), ToC – TK (r=-0.36); pH – COD and BOD5(r=0.37-0.57), pH –
SS, TN, TP, TK and Cl (r=-0.54 – -0.79); EC – Cl (r=-0.40); COD –
BOD5 (r=0.83); BOD5 – TNa (r=0.32), BOD5 – SS (r=-0.32); SS – TN,
TP, TK and Cl (r=0.63-0.94); TN – TP, TK and Cl (r=0.43-0.91); TP –
TK and Cl (r=0.88); TNa – TK (r=-0.34) and TK – Cl (r=0.90) (Table
2).
PMPEWWTP: ToC – TK (r=0.50); pH – EC, TNa and Cl (r=0.700.88); pH – COD and BOD5 (r=-0.77 – -0.81); EC – SS, TNa and Cl
(r=0.46-0.89); EC – COD and BOD5 (r=-0.69 – -0.75); COD – BOD5
and TP (r=0.49-0.97); COD – TNa and Cl (r=-0.56 – -0.59); BOD5 –
TP (r=0.40); BOD5 – TNa and Cl (r=-0.64); SS – TN, TP, TNa and Cl
(r=0.64-0.77); TN – TP, TNa and Cl (r=0.51-0.75); TP – TNa and Cl
(r=0.32-0.34) and TNa – Cl (r=0.98) (Table 3).
The data analysis reveals differences in the correlations
between the two treatment plants. The parameters involved in the
most correlations at MWWTP are pH and TK (each of them
participated in 7 correlations), followed by SS and Cl (6), TN and TP
(5), BOD5 (4), ToC and TNa (3) COD (2) and EC (1). The ranking of
the correlated parameters at PMPEWWTP was in the following
order: TNa and Cl (8 correlations), EC, COD, BOD5 and TP (6), pH
(5), TN (4), ToC and TK (1). Between the two stations, there are both
general (positive: COD-BOD5, SS-TN, SS-TP, SS-Cl, TN-TP, TN-Cl
and TP-Cl; negative: ToC-TK) and opposite (changed from positive
to negative: pH-COD, pH-BOD5, BOD5-TK, changed from negative
to positive: pH-Cl and EC-Cl) correlations. The remaining
associations are different for the two stations.
The established correlations show that despite the different
wastewater treatment capacities of both TPs, despite the different

physico-chemical composition between urban and meat processing
enterprise wastewater, despite the different coagulants and
flocculants that are used, strong homogeneous relationships exist
between some WW parameters. Changing other correlations from
positive to negative and vice versa as well as the existence of
correlations that are different for the wastewater of the two stations
can be explained by the varying degree of change in the content of
part of the parameters, which is natural and logical.
Regression models. The surveyed wastewater by monitoring
points is divided into two main groups according to their positioning Group I: Wastewater from MWWTP - Stara Zagora and Group II:
Wastewater from PMPEWWTP – Kolarovo village. The trends in the
changes in the analyzed physico-chemical parameters content by
MPs from both WWTPs determined based on a regression model - a
polynomial of degree II, are presented in Figures 1 – 11.
From Figure 1 it can be seen that the WW temperature values in
both TPs were lower at the inlet and then gradually increase at the
outlet. The reason for this is not the air temperature (which in
practice remains constant at the individual MPs), but perhaps the
heat generated in the course of the chemical reactions and
especially in the biochemical processes involving microorganisms in
the substrate, which have different dynamics in the different WW
treatment sectors in the two treatment plants. Another reason is the
change of the active reaction in the MPs of both TPs. At MWWTP, pH
increases from MP-1 to MP-4 (Figure 2), and in PMPEWWTP this
dependence is the opposite, with maximum values at MP-2, inlet of
biobasins.
A contrasting trend with regard to ЕC was also observed, the
values of which decreased from MP-1 to MP-4 in MWWTP and
increased from MP-1 to MP-4 in PMPEWWTP (Figure 3). This
contradiction in EC change can be explained by the different
coagulants and flocculants used for physico-chemical wastewater
treatment in both TPs.
From Figures 3, 4 and 5 it can be seen that the parameter
values, characterizing the organic pollution (SS, COD and BOD5) of
the wastewater at both TPs are high at the inlet (MP-1) and then
gradually decrease to the outlet (MP-4), which is the result of the

Scatterplot of multiple variables against Puncts
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Figure 5. COD change by monitoring points

similar treatment processes in the two TPs.
The nutrient content (total N and total P) in both TPs shows
similar, but not identical downward trend from MP-1 to MP-4, the
total N and total P levels are kept higher at MWWTP than
PMPEWWTP both at MP-1 and MP-4 (Figures 7 and 8). This is most
likely associated with the activation of the microbial processes of
nitrification and denitrification of the nitrogen-containing compounds
as well as the addition of coagulants and flocculants for more
complete removal of the organophosphorus compounds contained
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in the effluents.
As regards the change in total K content, the trend is somewhat
special (Figure 9). Being the same at MP-1, in MWWTP total K
amount gradually increases in MP-2 and MP-3, then sharply
decreases to MP-4, while in PMPEWWTP it is the opposite, total K
amount gradually decreases in MP-2 and MP-3, and then sharply
increases in MP-4. A similar trend but with the opposite sign is
observed with respect to the total sodium content (Figure 10). Higher
levels of TNa at MP-4 in the first TP compared to the second TP are

Scatterplot of multiple variables against Puncts
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due to the used flocculant in the second TP. The amount of chlorides
decreases from MP-1 to MP-4 in both treatment plants, with a
significant difference in concentrations in MP-1 (higher in Kolarovo
village TP than in Stara Zagora TP) and very close at MP-4 (Figure
11).
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Total Na, mg/l Kolarovo (R)

Figure 10. Total Na change by monitoring points

Trends in the content variation of the different WW physicochemical parameters, by months and monitoring points of the two
treatment plants are presented in Figures 12 – 19. The developed
regression models shows that these parameters change in different
ways under the influence of time and MPs. WW temperature
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increases from winter to summer months, where it reaches
maximum values and decreases in the autumn (Figure 12) and
changes slightly in different MPs at the two TPs (Figure 13). The
change in pH is almost the opposite and shows decreases in
summer and an increase during the cold months. However, the pH
values at both stations change significantly, increasing from MP-1 to
MP-4.
Parameters COD and BOD5 show a trend to increase from
winter to summer months (Figure 14). BOD5 values were lower in the

summer months than the COD. The change in these indicators by
MPs shows a one-way downward trend from MP-1 to MP-4 (Figure
15).
The total N and total P content change differently over the
months (Figure 16). Phosphorus concentration slightly increased
from January to November, while nitrogen decreased from January
to July and after that increase to November. Both indicators
demonstrated an increase from MP-1 to biobasins (MP-2 and MP-3)
and a decrease to MP-4 (Figure 17).
During the year, potassium level decreased from January to
September and slightly increased to November (Figure 18).
Contrary to this, the sodium content slightly increased from January

Figure 11. Total chlorides change by monitoring points
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to July and after that slightly decreased in November. By monitoring
points, the potassium content has a one-way downward trend from
the inlet to the outlet (Figure 19). With sodium content, the changes
are significantly greater. Its content increases considerably from
MP-1 to biobasins (MP-2 and MP-3) and then decreased to MP-4.
This shows that sodium is significantly more mobile and changeable
in bio-basins than potassium, which is most likely associated with
WW treatment processes.
Linear regression models. The Na, Cl, COD and BOD5 WW
content correlates very well with some other parameters, which
allowed the development of regression models to determine their
concentrations, as follows:
Na = -108.3643+0.2274 EC, R=0.962, SEE= 0.009, F=581.3,
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Figure 17. Change of Total N and Total P, by
monitoring points
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P=0.0000;
Na = 94.3581+0.7875 Cl, R= 0.998, SEE= 0.04, F= 538.6
P=0.0018;
Cl = -137.1445+0.2522 EC, R=0.959, SEE= 0.01, F=527.7,
P=0.0000;
COD = -1618.1811+2.6044 EC, R=0.973, SEE= 0.45, F=8.9,
P=0.032;
BOD5 = - 804.5815+1=2648 EC, R=0.988, SEE= 0.14, F=82.6,
P=0.0118.
All equations are highly accurate and can be used for both
scientific and practical purposes.
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Scatterplot of multiple variables against Month
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Conclusion
The present study of wastewater by 11 physico-chemical
parameters (ToC, pH, EC, SS, COD, BOD5, Total N, P, K, Na and Cl-)
in four monitoring points (MP-1, inlet of treatment plant; MP-2, after
section of biological treatment; MP-3, outlet of vertical precipitators
and MP-4, outlet of treatment plant) of Municipal WWTP and Poultry
meat processing enterprise WWTP, showed: a) the limit values
variation at the surveyed parameters and their characteristic by
monitoring points in both treatment plants; b) that both TPs
demonstrated high removal efficiency (81.6-98.6%) in regard to SS,
COD, BOD5, Total N and Total P, and very low removal efficiency in
regard to Total K (2.2-12.5%); c) that the final effluents from both
TPs meet the ecological requirements for discharge in the receiving
water bodies (Bedecka River and Azmaka River, respectively) on the
parameters SS, COD, BOD5 and TN and deviate from them by
phosphorus content that exceeds the permitted limit; d) that in
MWWTP there are 25 correlations (15 positive and 10 negative)
between monitored WW parameters and in PMPEWWTP - 28
correlations (19 positive and 9 negative), respectively; e) different
trends in the changes in the controlled physicochemical parameters
by monitoring points and by months in both WWTPs were
determined on the basis of a regression model - a polynomial of
degree II; f) Na, Cl, COD and BOD5 WW content correlates very well
with some other parameters, which allowed the development of
linear regression models to determine their concentrations.
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