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Agriculture and Environment

Agroecological assessment of wastewater and sludge from Municipal Wastewater Treatment 
Plant by content of nutrient inputs

G. Kostadinova*, D. Dermendjieva, G. Petkov, J. Gotchev

Department of Applied Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Вulgaria

Abstract. The purpose of this study was to investigate and assess the quality of wastewater and sludge from different monitoring points (4 for wastewater and 3 
for sludge) in Municipal Wastewater Treatment Plant, Stara Zagora, Bulgaria, for the period July 2013 – March 2014, by content of nutrient inputs (total N, total P 
and total K), absolutely dry matter, pH and electrical conductivity, in order to determine opportunities for their use in agriculture. For sampling and sample 
preparation of wastewater and sludge, international references of ISO and BSS were used. Sample analyses were made by equipment as follows: рН-meter 
Lab 850 (pH), Multi 340i/SET (electrical conductivity), method of Kjeldahl (total N), spectrophotometer UV/VIS 6705 JENWAY (total P) and ААС „AAnalyst 
800”– Perkin Elmer (total K). It was found that: 1) Treated wastewater has neutral pH, low electrical conductivity and low total K content, as well as lower content 
of total N and total P than the maximum allowed concentrations for their discharge into the receiving water body – Bedechka river, defined from ecological point 
of view as a sensitive water body. 2) The effect of wastewater treatment in respect of total N was 87.4%, total P – 97.8% and total К – 23.0%, respectively. 3) 
Treated wastewater meets the requirements for irrigation of crops by indices: pH, electrical conductivity and content of total N, total P and total K. 4) The sludge 
has typical content of absolutely dry matter, neutral pH and high values of electrical conductivity, as well as lower content of total N (from 1.3 to 3.2 times), total P 
(from 3.2 to 7.8 times) and total K (from 4.4 to 12.2 times) in comparison with the sludge from 9 other WWTPs in the country, which is result of the modern 
technology of sludge treatment in WWTP-Stara Zagora. 5) Sludge contains more total N (from 2.71 to 7.5 times), comparable amount of total P and less 
quantity of total K compared with livestock manure.

Keywords: Municipal Wastewater Treatment Plant, wastewater, sludge, nutrient inputs, assessment

Abbreviations: BSS – Bulgarian State Standard, MP – Monitoring Point, MWWTP – Municipal Wastewater Treatment Plant, WFD – Water Framework 
Directive
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Introduction MWWTP. Currently 70 MWWTP are in operation in the country which 
3process 1 122 663 m /day wastewater (of total generated quality 2 

3 3407 000 m /day) of which mechanically – 31 325 m /day and Water is one of the most closely regulated areas of EU 
3biologically – 1 081 838 m /day. From the biological processing of environmental legislation. By Framework Directive 2000/60/EC, 

wastewater large amounts of sludge are obtained (from 0.5 to 10% supplemented and amended by Directive 2008/105/EC, EU 
of the total volume of the treated wastewater), (Garvanska, 2008). In introduces an innovative approach for water management, based on 
2012 the quantity of generated raw sludge was 209 089 t, including river basin management by requiring protection of all kind of water 
59 261 t/dry matter non-hazardous dewatered sludge, of which 21 bodies - rivers, lakes, coastal water and underground water. Part of 
241 t were used directly in agriculture, 17 499 t were temporarily the measures to achieve this goal are related to the determination of 
stored, 8 348 t were used for land restoration, 6641 t were deposited emission limits and quality standards for different categories of water 
and 5532 t were used for production of organic compost by California - natural and wastewater (Jorgensen, 1991; Diadovski et al., 2003; 
red worms (Ivanov, 2013). Christov, 2008). In this respect, Council Directive 91/271/EC on 

In April 2011 in Stara Zagora the most modern MWWTP in the Municipal Wastewater Treatment Plants (MWWTP) is the basic 
country was put into operation. It was designed with the capacity to document for achieving the objectives of the Water Framework 
take over wastewater from a city of 219 300 population equivalent, Directive (WFD). MWWTP directive aims to protect the environment 
based on forecast data for 2020. Nevertheless, according to from the adverse effects of discharges of polluted wastewater into 
information of Executive Environment Agency, Bedechka river, the receiving water bodies (Dinkova, 2011).
which receives the treated wastewater from the city of Stara Zagora A basic document to implement the requirements of Directive 
continues to be in bad ecological status by biological and physico-91/271/EC in Bulgarian legislation is Regulation No 6/2000 for 

+ - -chemical indices (BOD, dissolved O , NH , NO , NO , total N, total P 2 4 2 3emission limit values of harmful and hazardous substances in 
3-and PO ). The reason for this situation is that WWTP – Stara Zagora wastewater discharged into water bodies. In this connection, in 1999 4

purifies about 90% of the wastewater of the city, and the remaining a National Programme for priority construction of MWWTP to 
10% of the wastewater (consisting of partially untreated industrial settlements with more than 10 000 population equivalent was 
and municipal wastewater) are discharged directly into Bedechka adopted. The program envisages the construction of 81 new 
river, that impedes this water body to achieve good ecological status MWWTP and the reconstruction and modernization of 23 existing 
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(RESB, 2012). obtained. Treated wastewater are discharged into the Bedechka 
Researches abroad (Sotirakou et al., 1999; Hussein et al., river, the water of which is used for irrigation of crops, and the sludge 

2010; Haiba et al., 2014) and in the country (Gorbanov et al., 1999; is used as fertilizer on agricultural land or for production of compost. 
Panayotova et al., 2001; Marinova, 1987, 2002; Garvanska, 2008; According to the classification system for assessing the ecological 
Kostadinova et al., 2007, 2013) revealed different aspects of the status of the types of water bodies in the country (Regulation H-
transformation of nutrients in treated sludge from MWWTP, and 4/2012) Bedechka river is defined as a semi-mountainous type of 
possibilities for their use in agriculture, mostly as a means of water body – type R5, which is located in a sensitive area, according 
fertilization. Although sludge is rich in nutrients, it is not yet generally to an Order by the Minister of Environment and Water (No. RD 
accepted for use as a fertilizer for agricultural purposes. The –970/28.07.2003).
resistances from the farming industry concerns are based mostly on Monitoring points and sampling. Samples of wastewater and 
fear of pathogenic microorganisms, heavy metals and other sludge were taken for analysis every two months of the investigated 
presumably toxic compounds (Shindarska et al., 2014). And while period at the designated monitoring points (MP) as follows (BSS EN 
sludge has been a subject of active research in the last 15 – 20 ISO 5667-1/2007; BSS ISO 5667-10:2002; ISO 5667-13:2011):
years, for treated wastewater from MWWTPs recent scientific A. Wastewater:
information on its quality and suitability to be used for irrigation of · MP-1 – input for aeration tanks; 
crops is missing. · MP-2 – output of aeration tanks; 

The purpose of this study was to investigate and assess the · MP-3 - section for recirculation of wastewater, after 
quality of wastewater and sludge from Municipal Wastewater secondary clarifiers; 
Treatment Plant – Stara Zagora by content of nutrient inputs (N, P, · MP-4 – output for treated wastewater from the plant.
K), absolutely dry matter, pH and electrical conductivity, in order to B. Sludge:
determine opportunities for their use in agriculture. · MP-5  – tapes for densified sludge;

· MP-6 – output of methane tank;
· MP-7 – tapes for dehydrated sludge from the plant.

Material and methods The total number of samples collected was 20 for wastewater 
and 15 for sludge.

Study area. The study was conducted from July 2013 to March Physico-Chemical indices of wastewater and methods for their 
2014 in the most modern MWWTP in the country, located 2 km in analysis 
south-east direction of Stara Zagora (Figure 1). The capacity of the Active reaction (pH) – BSS ISO 10523, by using landline pH-
station is to process 2507 m3 wastewater per hour. When an amount meter “Lab 850” with built-in temperature sensor. Electrochemical 
larger than that quantity is infused (for example, with heavy rainfall in method with a range of pH-electrode between 1 and 11.

-1the area), the excess flow is directed to the concrete tank with a Electrical conductivity (µS.cm ) – BSS EN 27 888, by calibrated 
3capacity of 15 041 m . The quantity of generated sludge per year is 3 field equipment “Multi 340i/SET” (with Cond–electrode). 

173.8 t/dry matter. Electrochemical method which determines the concentration of 
MWWTP consists of a mechanical and biological stage. The ionizable solute in water.

+ - -mechanical treatment of wastewater aims to remove coarse (cloth, Total nitrogen (N-NH , N-NO , N-NO ), mg/l – BSS EN 25663, 4 2 3

paper, plastic, metal objects, etc.) and fine (small particles of various by the method of Kjeldahl and use of a steam distiller “UDK 146”. The 
materials) impurities. Biological treatment is performed in aeration essence of the method is to convert the nitrogen compounds into 
tanks, secondary settling tanks and a methane tank. It aims to NH (SO )  (by mineralization with Se and concentrated H SO ), and 4 4 2 2 4

remove most subtle particles from wastewater, decontamination and subsequent distillation of the released ammonia which is then 
mineralization of organic matter and biogas production. At the output determined by titration with HCl.
of the station treated wastewater and dehydrated sludge are Total phosphorus (P), mg/l – BSS EN 6878-1, by use of a 

spectrophotometer “UV/VIS JENWAY 6705”. The method is based 
on the interaction of orthophosphoric ions with acid solution, 
containing molybdate and antimony ions, to form a complex with the 
antimony phosphomolibdate complex with blue color.

Total potassium (K) mg/l – BSS ISO 9964-3, by ААС „AAnalyst 
800”– Perkin Elmer. Pre-canned samples with concentrated HNO  3

(BSS EN ISO 5667-3/2012) were aspirated on a gas flame at a 
wavelength of 769.5 nm.

Physico-Chemical indices of sludge and methods for their 
analysis 

Absolutely dry matter (%) – BSS ISO 11465. The method 
comprises drying the sludge sample at 105 ºC to constant weight.

Active reaction (pH) – BSS ISO 10390, by using landline pH-
meter “Lab 850” with a built-in temperature sensor. Electrochemical 
method which is applied to measure pH values of soil/sludge in the 
form of an aqueous extract at a ratio of 1:5 (soil:water).

-1Electrical conductivity (µS.cm ) – BSS EN 27 888, by calibrated 
field equipment “Multi 340i/SET” (with a TetraCon 325 electrode). 
The method is the same as the wastewater determination of that 

Figure 1. Wastewater Treatment Plant, Stara Zagora,
general view 
(http://stroitelstvo.info/show.php?storyid=1079682)
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index, but sludge was diluted with water at ratio 1:5.
+ - -Total nitrogen (N-NH , N-NO , N-NO ), mg/kg – BSS ISO 4 2 3

11261. The method of Kjeldahl was used, a thermo block for sludge 
sample decomposition "DIGESTER 6500" and a steam distiller 
"UDK 142". Initially, the samples of sludge were burnt with H SO  at 2 4

Se catalyst and then distilled.
Total phosphorus (P), mg/kg – BSS ISO 11263. Spectrophoto-

metric method (Spectrophotometer “UV/VIS 6705 JENWAY”) for 
determination of total phosphorus in soils/sludge by decomposition 
of the sample with aqua regia (mineralization of the samples 
according to BSS ISO 66 114) and subsequent determination with 
vanadate molybdate reagent at λ = 410 nm and thickness of 10 mm.

Total potassium (K), mg/kg – BBS ISO 9964-3. An AAS 
"AAnalyst 800" – Perkin Elmer was used, in the flame at wavelength 
of 769.5 nm, after mineralization of the samples with aqua regia 
according to BSS ISO 11466.

All analysis of the physico-chemical indices of wastewater and 
sludge were carried out in the laboratory of the Research Center for 
Environment at Trakia University, Stara Zagora.

Methods for assessing the quality of wastewater and sludge 
Assessment of wastewater and sludge quality was made by the 
method of comparative analysis in which the obtained results for 
different indices were compared with the stipulated norms for each 
of them.

Wastewater. Assessment of wastewater quality was made in 
two directions as follows:

· Ecological assessment on the basis of the levels of harmful 
and hazardous substances in wastewater discharged into water 
bodies. It was carried out by two indicators (content of total N and 
total P) according to Regulation No. 6/2000.

· Assessment of wastewater quality as a source for irrigation 
of agricultural crops. It was made by four indicators (electrical 
conductivity, content of total N, total P and total K) according to 
Regulation No. 18/2009.

Sludge. The assessment was made of dehydrated sludge from 
PM-7 (output of the MWWTP) on the basis of 4 indices: pH, total N, 
total P and total K in order to determine their quality as an organic 
fertilizer. As there are no standards for this type of evaluation, we 
have used data about organic manure by literature sources 
(Goranov and Dosev, 1978; Petrov, 1983).

Statistical analyses. The statistical analysis of the data was 
done using Microsoft Excel (Microsoft Office 2000) and 
STATISTICA.

purification of water carried out most effectively in neutral reaction of 
water. Therefore, it can be assumed that in this case the neutral 
reaction of the wastewater supports its self-purification. With regard 

Results and discussion to this index there isn't a regulated limit value for pH units of 
wastewater discharged in water bodies. For this reason the 

Wastewater. ecological evaluation in this aspect cannot be done. In terms of the 
The results for the investigated physical and chemical indices of use of treated wastewater for irrigation the results show that pH 

wastewater, summarized for the period of the study, are presented in values meet the quality requirements for irrigation water (from 6 to 9 
Table 1. Analysis of the data for the different indices revealed the pH units) according to Regulation No. 18/2009. 

-1following picture: Electrical conductivity (µS.cm ). The index is a measure of total 
Active reaction (pH). The index values range from 6.67 pH units dissolved solids and the total concentration of inorganic ions in the 

+ - 2+ 2+ + 2- 2-at MP-3 (section for recirculation of wastewater, after secondary water (Na , Cl , Ca , Mg , K , CO , SO ), in our case in wastewater. 3 4

clarifiers) to 8.41 pH units at MP-1 (input for aeration tanks) (Table 1). It is an important indicator of possible changes in the chemical 
The average values of active reaction of wastewater from different nature of water. Salinity of the water affects the ability of the crops to 
monitoring points fluctuate slightly and the differences between absorb water from the soil and as a result yields decrease. That is 
them are untrustworthy. The results show that the mechanical and why, the degree of salinity of water/wastewater is important for its 
biological treatment of the wastewater do not influence their acidity. quality when used for irrigation of crops (Ayers and Westcot, 1985). 
In this regard Vasilev (2001) considers that the process of self- The values of the index fluctuated within a narrow range – from 585.0 

Table 1. Physical and chemical indices of wastewater at
different monitoring points of Municipal Wastewater 
Treatment Plant 

Key: MP-1 – input for aeration tanks; MP-2 – output of 
aeration tanks; MP-3 – section for recycling wastewater 
after secondary clarifiers; MP-4 – output for treated 
wastewater. 
* – differences in values are significant at p<0,05* and at 
p<0,001***

Indices

5

7.33

 ± 0.22

7.08

7.53

5

669.0

 ± 45.5

601.0

728.0

5

4.43*

± 2.85

0.64

8.58

5

0.77***

 ± 0.24

0.53

1.16

2

9.78

± 2.05

7.73

11.8

5

6.75

 ± 0.09

6.67

6.87

5

697.0

 ± 57.0

610.0

766.0

5

942.8

 ± 729.2

452.0

2213.6

5

280.8

 ± 144.8

108.4

396.8

 -

- 

- 

 

 -

5

6.87

± 0.12

6.72

6.91

5

729.0

 ± 45.1

585.0

738.0

5

713.7

± 347.3

343.1

1092.8

5

298.8

 ± 159.6

116.1

426.4

 -

- 

- 

- 

- 

5

7.68

± 0.42

7.30

8.41

5

729.0

 ± 45.1

649.0

759.0

5

35.0*

 ± 28.1

15,3

84.1

5

34.7***

 ± 10.3

26.4

50.7

2

12.7

± 0.93

11. 8

13.6

n

Mean

SD

min

max

n

SD

min

max

n

SD

min

max

n

SD

min

max

n

SD

min

max

Mean

Mean

Mean

Mean

 pH

Electrica

lconductivity,

µS.cm-1

Total nitrogen,

mg/l

Total phosphorus,

mg/l

Total potassium,

mg/l

Wastewater Monitoring Points

MP-4MP-3MP-2MP-1
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-1 -1 (20.4 times compared to the MP-1), in the sector for recirculation of µS.cm  (PM-2, output of aeration tanks) to 766.0 µS.cm  (PM-3, 
wastewater, after secondary clarifiers (MP-3) the value of total N section for recirculation of wastewater, after secondary clarifiers) 
continued to increase (1.32 times compared to MP-2), then at the (Table 1). During the processing of wastewater the average 
output of the MWWTP (MP-4) the concentration of total N drastically electrical conductivity decreased by 8.24% from the input of the 
reduced 212.8 times compared to MP-3. This trend of change in the aeration tanks (PM-1) compared to the output of WWTP (PM-4). This 
values of total N in wastewater from different monitoring points was result gives reason to suggest that during the treatment of 
found also by months regardless of the season (Figure 2). Yet, a wastewater part of the salts pass from wastewater to sludge, 
difference was observed in July, January and March, when the resulting in decrease of those index values. There is no emission 
gradation of the concentrations of total N in MP-2 compared to MP-3 standard for electrical conductivity of treated wastewater discharged 
was upward, while in September and December it was downward, into water bodies (Regulation No. 6/2000), so ecological 
i.e. the values of total N were higher in MP-2 compared to MP-3. The assessment in this aspect cannot be done. At the same time the 
effect of wastewater treatment in relation to total nitrogen content treated wastewater meets the requirements for irrigation, as 
was 87.4% (input, MP-1 to output, MP-4), which is statistically established values for that index were significantly lower (from 2.66 

-1 proven at P <0.05.to 3.41 times) than the maximum allowed value  (up to 2000 μS.cm ) 
The significant fluctuations in the content of total N in according to Regulation No. 18/2009.

+ - - wastewater from the controlled monitoring points can be explained Total nitrogen (N-NH , N-NO , N-NO ), mg/l. This parameter 4 2 3

by processes occurring in the biological stage of MWWTP (aeration varies widely – from 0.64 mg/l at MP-4 (output of MWWTP) to 2213.6 
tanks and secondary clarifiers). In the aeration tanks as a result of mg/l at MP-3 (section for recirculation of wastewater, after 
the activity of aerobic (mostly) and anaerobic microorganisms secondary clarifiers) (Table 1). It is striking that in the different 
nitrogen-containing organic substances are decomposed to sectors for wastewater treatment the total nitrogen content abruptly 
ammonia (ammonification), nitrite and nitrate (nitrification), which changes. At the input of the aeration tanks (MP-1) the average level 
subsequently under anaerobic conditions decompose to free of total N is relatively low (35.0±28.1 mg/l), in the distribution 
nitrogen (denitrification). Parts of these processes are carried out in chamber after aeration tanks (MP-2) its content strongly increased 

mg/l
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Figure 2. Total nitrogen content in wastewater, by months
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aertion tanks
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Figure 3. Total phosphorus content in wastewater, by months

MP-1 – input for
aertion tanks

MP-2 – output of
aertion tanks

MP-3 – section for
recycling wastewater
after secondary clarifiers

MP-4 –output for
treated wastewater
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secondary settling tanks, particularly the processes of Sludge
denitrification. This explains why the amount of total nitrogen The results for the investigated physical and chemical indices of 
(ammonium, nitrite and nitrate) in the wastewater at the input of sludge, summarized for the period of the study, are presented in 
aeration tanks (MP-1) and especially at the output of the MWWTP Table 2.
(MP-4), is much less compared to that in the aeration tanks and Absolutely dry matter (%). The dry matter content in sludge 
secondary clarifiers (Garvanska, 2008). The ecological assessment fluctuates widely - from 2.70% in MP-6 (output of methane tank) to 

12.5% in MP-7 (output of MWWTP) (Table 2). It's striking that at the on this indicator determined treated wastewater as meeting the 
tapes for densified sludge (MP-5) and at the output of the methane requirements for discharge into a water body in sensitive areas 
tank (MP-6) the content of dry matter in the sludge is lower than at (such as Bedechka river) since total N content is lower (from 1.16 to 
the output of the MWWTP (MP-7), 3.90 and 3.08 times, respectively. 15.6 times) than the permissible concentration for agglomeration 

over 100 000 population equivalent (Stara Zagora) – up to 10 mg/l, 
according to (Regulation No. 6/2000). Treated wastewater can be 
used for irrigation because total N content is lower than the sum of 

+the permissible concentrations in water of N-NH  (up to 5 mg/l) and 4
-N-NO  (up to 20 mg/l), or total for both indices up to 25 mg/l (as they 3

are components of total N content) (Regulation No. 18/2009). 
Total phosphorus (P), mg/l. Total quantity of phosphates in 

wastewater ranges from 0.53 mg/l at MP-4 (output of MWWTP) to 
426.4 mg/l at MP-2 (output of aeration tanks). Changes in 
concentrations of total P in wastewater from different monitoring 
points by months are similar to changes in the content of total N 
(Figure 3). At levels of total P in untreated wastewater at PM-1 (input 
of aeration tanks) from 26.4 mg/l in March 2014 to 50.7 mg/l in July 
2013, average for the period 34.7 mg/l, in MP-2 their levels 
increased on average 8.6 times compared with PM-1, at PM-3 
values decreased slightly – 1.06 times on average compared to MP-
2, and at MP-4 they decreased drastically - 364.6 times compared to 
PM-3. As can be expected, the mineralization of organic 
phosphorus-containing compounds in the aeration tanks and 
secondary sedimentation tanks, and the return of portions of the 
sludge (rich in organic material) in the aeration tanks, results in a 
sharp increase of these compounds in the substrate, followed by a 
drastic decrease of the phosphates in the treated water, which is 
evidence of intensive mineralization of organic matter in the final 
phase of the sludge treatment. The effect of wastewater treatment in 
terms of total P content was 97.8% (output of MWWTP, MP-4 
compared to input of aeration tanks, MP-1), which is statistically 
proven at P <0.001.

Assessment on this indicator shows that treated wastewater 
meets the ecological requirements for discharge into a water body in 
sensitive areas (Bedechka river) as the content of total P was less 
than the permissible concentration for an agglomeration of over 
100000 population equivalent (Stara Zagora) – up to 1.0 mg/l 
(Regulation № 6/2000g). Wastewater also meets the requirements 
for the quality of water for irrigation of crops since phosphate content 
was lower than the allowed concentration – up to 3 mg/l according to 
Regulation No. 18/2009.

Total potassium (K), mg/l. This index was determined at the 
input of aeration tanks (PM-1) and at the output of MWWTP (PM-4). 
Its concentration varies in a narrow range between 7.73 mg/l (PM-4) 
and 13.6 mg/l (PM-1) (Table 1). The effect of wastewater treatment in 
terms of total K content was 23.0% (PM-4, output of MWWTP 
compared to PM-1, input of aeration tanks). The difference in the 
index values between PM-1 and PM-4 is not statistically proven. 
There is no limit concentration for content of total K in the water, 
above which the discharge of treated wastewater into a water body is 
prohibited, but there is a limit value when the water is used for 
irrigation. This limit value according to Regulation No. 18/2009 is up 
to 350 mg/l, i.e. considerably higher than the established levels of 
total K in treated wastewater. Therefore, by content of total K 
wastewater is eligible for irrigation.

Table 2. Physical and chemical indices of sludge at 
different monitoring points of Municipal Wastewater 
Treatment Plant 

Key: MP-1 – input for aeration tanks;MP-2 – output of 
aeration tanks; MP-3 - section for recycling wastewater 
after secondary clarifiers; MP-4 – output for treated 
wastewater. 
* – differences in values are significant at p<0,05* and at 
p<0,001***

Indices

5

11.8 ***

± 0.76

10.7

12.5

5

7.13 *

 ± 0.17

6.89

7.34

5

3269.8

± 1617.9 

1359.0

5600.0

5

29385.2 *

 ± 14569.9

13965.5

44721.5

5

4126,7 ***

 ± 487.1

3740.4

4885.3

2

937.3

± 4.33

933.0

941.6

5

3.02

± 0.35

2.70

3.40

5

6.56 *

 ± 0.33

6.78

7.61

5

5526.0

±1288.9

3410.0

6840.0

5

10362.6 *

 ± 4460.3

8361.4

13878.3

5

1353,8 ***

 ± 388.4

1170.9

2000.3

 -

- 

- 

 -

- 

5

3.82 ***

± 0.37

3.30

4.20

5

7.04

 ± 0.45

6.12

7.30

5

3396.2

±1982.8

1241.0

6520.0

5

9079.8

 ± 6033.6

6157.9

16741.8

5

1587,5

 ± 232.6

1122.3

1632.8

- 

 -

 -

 -

 -

n

SD

min

max

n

SD

min

max

n

SD

min

max

n

SD

min

max

n

SD

min

max

n

SD

min

max

Mean

Mean

Mean

Mean

Mean

Mean

Absolutely dry

matter, %

 pH

Electrical 

conductivity,

µS.cm-1

Total nitrogen,

mg/kg

Total phosphorus,

mg/kg

Total potassium,

mg/kg

Sludge Monitoring Points

MP-7MP-6MP-5
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-1Our results correspond to those of Garvanska (2008), who reported in a wide range – from 1241.0 μS.cm  (MP-5, tapes for densified 
-1that the absolute dry matter of sludge from the sealant is low and sludge) to 6840.0 μS.cm  (MP-6, output of methane tank) (Table 2), 

varies between 0.88 and 5.1%. The values of this parameter (Figure 4). After the processing of the sludge, the average values of 
significantly increased (up to 13-43%) after drying of the sludge electrical conductivity decreased by 9.6% in MP-7 (output of 
during 3-4 month storage. MWWTP) versus MP-5. Tests of the sludge as a means to fertilize 

Active reaction (pH)). The index values ranged from 6.12 pH farmland exclude determination of this indicator (Regulation, SG 
units at MP-5 (tapes for densified sludge) to 7.61 pH units at MP-6 22/2004).

+ - -(output of methane tank). Differences in pH values between MP-6 Total nitrogen (N-NH , N-NO , N-NO ), mg/kg. The content of 4 2 3

and MP-7 (output of MWWTP) are significant at P<0.05 (Table 2). total N in sludge varied widely – from 6157.9 mg/kg in MP-5 (tapes 
The results show that treatments of sludge in MWWTP do not affect for densified sludge) to 44721.5 mg/kg in the MP-7 (output of 
their acidity and at the output of the MWWTP (PM-7) the sludge has MWWTP) (Table 2). It is noted that while in the densified sludge (PM-
neutral reaction. The results obtained are in the range for pH values 5) and in the sludge at the output of the methane tank (PM-6) the 
of sludge from 9 other WWTPs in the country (Sofia, Varna, Sliven, average values of that index are very similar (10362.6±6033.6 
Pernik, Burgas, V. Tarnovo, Dupnitza, Dobrich and Varna), where pH mg/kg and 9079.8±4460.3 mg/kg respectively), at the output of 
values varied between 6.9 pH units (MWWTP-Sofia) and 7.9 pH MWWTP (PM-7) total N content is much higher (with 64.7-69.1%). 
units (MWWTP-Sliven) (Garvanska, 2008). When comparing the This difference is statistically proven at P <0.05 (Figure 5). 
results with data on the fresh manure of cattle (a mixture of urine and Significant variability in the total N content between different MPs is 
feces in a ratio of 2:1), it was found that our results for pH values of conditioned by the mineralization of organic matter in the aeration 
the sludge at the output of MWWTP, MP-7 (6.89-7.34 pH units) are tanks, secondary clarifiers and methane tank under ammonifying 
similar to those of the manure - from 7.56 to 7.72 pH units (Penev, (formation of ammonia), nitrifying (conversion of ammonia to salts of 
2013.). nitrous and nitric acid, i.e. nitrate and nitrite) and denitrifying 

-1Electrical conductivity (µS.cm ). The indicator values fluctuate (formation of nitrogen oxides and molecular nitrogen) bacteria.

-1ms.cm
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Figure 5. Total nitrogen content in sludge, by months
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The results obtained for total N content in fresh sludge (output of explained by different technological levels of MWWTPs. Logically, in 
MWWTP), recalculated as percentages of the absolute dry matter the most modern MWWTP at this stage – that in Stara Zagora, 
(min value 1.39%, max value 4.47% and average value 2.93%), mineralization of phosphorus is be more complete, which leads to 
show that the established values are lower than the results for lower levels of its content in dehydrated sludge.
sludge from 9 other MWWTPs in the country (between 3.70% From the point of view of sludge assessment as an organic 
MWWTP-Sofia and 9.40% MWWTP-Vratsa) (Garvanska, 2008). fertilizer, the comparative analysis shows that the average content of 
We assume that the main reason for these low levels of total N in the total P in fresh sludge, in percentages (average value 0.41%), is 
sludge from MWWTP-Stara Zagora  is the more modern technology comparable to that of fresh cattle (0.35%) and fresh pig (0.59%) 
in the latter station, where mineralization of nitrogen compounds manure. Its content is higher than the values of mixed manure from 
proceeds more effectively. When comparing the average quantity of cattle, sheep, pigs and horses (0.18%) and lower than the values of 
total N in sludge, expressed as percentages of absolute dry matter horse manure (1.34%) (Goranov and Dosev, 1978).
(2.93%), with the data for content of total N in fresh manure, it was Total potassium (K), mg/kg. This index was determined only at 
found that total N content in fresh sludge is 2.71 times more than in the output of MWWTP (PM-7). Its contents varied in a very narrow 
hens' manure (1.08%), 4.57 times more than in pig manure (0.64%) range from 933.0 to 941.6 mg/kg (Table 2). Our results, recalculated 
and 5.14 times more than in cattle manure (0.57%) (Petrov, 1983), as percentages of the absolute dry matter of  sludge, min value 
and 7.5 times more than in mixed manure from cattle, sheep, pigs 0.0933%, max value 0.0941%, average value 0.0937%, were 
and horses (0.39%) (Goranov and Dosev, 1978). The data show that significantly lower (from 4.4 to 12.2 times) than those found in 9 other 
sludge is rich in nitrogen and can be used as fertilizer on agricultural WWTPs in the country, where the values of total K were in the range 
land. Of course, in order to be used organic nitrogen from sludge between 0.40% at MWWTP–Bourgas and 1.10% at MWWTP– 
must be transformed in an ammonium form, which depends on many Pernik and MWWTP–V. Tarnovo (Garvanska, 2008). We assume 
determinants, the most important of which are temperature, humidity that this result is due both of better solubility of potassium 
and soil aeration (Garvanska, 2008). compounds in water, and more complete mineralization of organic 

Total phosphorus (P), mg/kg. The quantity of total P in sludge matter in MWWTP–Stara Zagora where a newer and more effective 
varied between 1170.9 mg/kg in MP-6 (output of methane tank) to technology of sludge treatment is used. Assessment of the 
4885.3 mg/kg in MP-7 (output of MWWTP) (Table 2). It was dehydrated sludge as a means of fertilization with potassium 
observed that the content of total P slightly decreased in MP-6 compounds shows that the sludge steps back considerably from 
(output of methane tank) in comparison with MP-5 (tapes for manure from farm animals, where the content of total K is much 
densified sludge), 1.17 times on average, and then increased higher than that in sludge. The total K content in manure from 
substantially in PM-7 (output of MWWTP) compared to MP-6, 3.04 different livestock animals is as follows: cattle – 0.37%, pigs – 
times. Differences in average values for total P between MP-5, on 0.45%, horses – 0.54% (Petrov, 1983), mixed manure from cattle, 
one hand, and MP-7, on the other, are statistically proven at P sheep, pigs and horses – 0.45% (Goranov, 1978).
<0.001 (Figure 6).

When comparing the results for total P content in fresh sludge 
(converted into percentages of absolute dry matter – min value 

Conclusion0.37%, max value 0.48% and average value 0.41%) with the data 
from other MWWTPs in the country, it was found that our results are 

Treated wastewater has neutral pH, low electrical conductivity comparable with the results of three MWWTPs - Burgas, V. Tarvono 
and low total K content, as well as a lower content of total N and total and Dupnitza (0.40%) and at the same time they are significantly 
P than the maximum allowed concentrations for its discharge into lower than the results of other 6 MWWTPs – Vratsa (11.40%), Varna 
the receiving water body – Bedechka river, defined from an (6.80%), Sofia (6.30%), Sliven (5.60%), Dobrich (3.70%) and Pernik 
ecological point of view as a sensitive water body. The effect of (1.10%) (Garvanska, 2008). Similar to the content of total N in 
wastewater treatment in respect of total N was 87.4%, of total P – sludge, in this case the reasons for these results can also be 
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Figure 6. Total phosphorus content in sludge, by months
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