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NOXIOUSNESS OF ODOURS  
AND PROPERTIES OF WASTEWATER SLUDGE 

PROCESSING WITH BIOPREPARATION 

The aim of the study was to verify the effectiveness of decrease of odour production during 
sludge stabilization with selected groups of microorganisms in conditions similar to those occurring 
on sludge storage pads. The experiments were carried out on a laboratory scale; the biopreparation 
EM-bio was used. It was found that in anaerobic conditions, biopreparation modified biochemical 
processes in a small degree and decreases the redox potential. Clear decrease of odour noxiousness of 
the wastewater sludge for samples with biopreparation was not observed. In the continuation of these 
studies sludge processing at higher redox potentials should be investigated. 

1. INTRODUCTION 

In wastewater treatment plants, odour problems occur as a result of odour emis-
sion from the utilization and storage of screenings, greet and sludge. The odours form 
during biochemical processes occurring in technological facilities, drying beds, stor-
age pads and during sludge transport to the place of the final utilization. In the case of 
sludge treatment, considerable amounts of odour are produced during the stabilization 
processes and dewatering [1, 2]. In 1993, complaints pertaining to the noxiousness of 
odours represented 43% of all complaints [3]. 

The modification of the biochemical processes in wastewater sludge could lead to 
a significant limitation of noxious odour. During the decomposition of organic matter 
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by microorganisms both in the anaerobic and the aerobic cycles, intermediate products 
are generated which are extremely odour noxious to the environment. These are such 
by-products as sulfur compounds – hydrogen sulfide, mercaptans, sulfides, nitrogen 
compounds such as ammonia, and pyridine. Microorganisms added to wastewater 
sludge can change biochemical processes and significantly limit production of odorous 
gases [4, 5]. This leads to a new method with a possibility of sludge stabilization 
without odour production. The achievement of noxious odour limitation by this 
method is particularly rational when odour emission takes place over a large surface 
area, for example in sewage treatment plants where storage pads exist for the tempo-
rary disposal of sewage sludge. 

The aim of the study was to verify the effectiveness of decrease of odour produc-
tion during sludge stabilization with selected groups of microorganisms in conditions 
resembling those on sludge storage pads. 

2. EXPERIMENTAL 

The experiments were carried out on a laboratory scale. The biopreparation EM 
was used [6], activated in the molasses solution. This preparation, being a mixture of 
microorganisms such as acid milk bacteria, photosynthetic bacteria, yeast and actino-
mycetes, has been used in agriculture for soil improvement and in animal rising as 
a probiotic up to now. In order to check influence of actinomycetes, additional cul-
tures obtained from composted sewage sludge were added. Isolates and cultures were 
run on the Pochon nutrient medium. 

 
Fig. 1. Scheme of the research station: 1 – blower, 2 – rotameter, 3 – 30 dm3  

container, 4 – aeration system, 5 – thermal isolation of mineral wool 

The investigated sludge originated from a municipal sewage treatment plant. This 
was return sludge, thickened for 3 days in the gravity thickener, conditioned by polye-
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monia nitrogen according to PN-ISO 5664, using UDK 132 Semiautomatic Distilla-
tion Unit, VELP, nitrate nitrogen (PN-C-04576-08:1982), nitrite nitrogen (PN-EN 
26777:1999) and phosphate phosphorus (PN-EN ISO 6878:2005). 

Odorimetric analysis of exhausted air was performed using the dynamic dilution 
method, by changing the flow rate of air. Estimation of the odour intensity was per-
formed using n-butanol solutions [3].  

T a b l e  1

Results of wastewater sludge processing 

Parameter Day 1 2 3 4 5 6 7 8 

pH 

1 6.9 6.9 6.9 7.0 7.0 7.0 7.0 6.9 
13 7.0 7.1 7.2 7.7 7.4 7.1 7.1 7.2 
27 8.0 8.0 8.0 8.0 8.0 8.0 7.9 7.8 
41 8.0 8.0 8.0 8.0 7.9 8.0 7.9 7.8 

Dry weight 
[%] 

1 15.9 15.9 15.9 15.9 15.9 16.1 16.1 16.2
13 16.2 16.6 16.0 15.6 15.7 15.7 15.7 16.0
27 15.9 15.7 16.1 15.7 15.9 15.6 15.9 15.8
41 15.5 15.2 15.9 15.3 15.1 15.3 15.3 15.3

Organic dry weight
[%] 

1 64.5 64.5 64.5 66.4 64.3 65 64.9 65.2
13 65.4 65.9 65.4 63.9 64.8 64.4 64.0 65.0
27 64.0 63.9 64.0 63.0 63.3 63.5 63.6 63.2
41 63.1 62.9 64.1 62.2 62.4 62.6 62.8 62.4

Total nitrogen 
[% of d.w.] 

1 5.7 5.5 5.6 5.5 5.3 5.5 5.6 5.5 
13 4.9 5.1 4.9 5.3 4.8 5.1 5.2 4.9 
27 4.5 4.9 4.8 5.0 4.6 5.0 4.8 4.8 
41 4.5 4.7 4.4 4.5 4.5 5.0 4.6 4.2 

Organic carbon 
[% d.w.] 

1 36.0 35.3 36.3 34.9 34.7 35.5 36.1 35.4
13 30.7 31.8 32.5 32.9 31.2 30.2 33.6 31.6
27 30.4 30.3 30.2 31.6 30.4 30.8 30.3 30.1
41 29.1 30.2 29.9 30.0 29.8 30.6 29.6 29.6

 
Microbiological determination, based on standard testing procedures,  included: 

the total number of mesophilic bacteria (PN-EN ISO 6222:2004), total number of bac-
teria spores, MPN of I and II phases nitrifying bacteria, the number of Clostridium 
perfringens bacteria (PN-EN ISO 7937:2005), the number of coliforms (PN-75/ 
C-04615/05, PN-77/C-04615/07), the presence of Salmonella (PN-Z-19000-1:2001). 

3. RESULTS AND DISCUSSION 

In the wastewater sludge before tests (test 1), the reaction medium was inert, the 
dry weight was low and equalled 15.9% but organic compounds – only 64.5% of the 
dry mass (Table 1). The sludge contained 5.7% of total nitrogen, medium amount of 
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organic carbon – 36%; the ratio of organic carbon to total nitrogen was low however, 
and equalled approximately 6.32. 

 
Fig. 3. Range of dry weight reduction during the experiment 

During the experiments, the reaction medium was neutral but pH was slowly in-
creasing, reaching after a month ca. 8 in all tests. The sludge mass, dry weight and 
organic dry weight decreased (Fig. 3). From the 13th to 41st day of the experiment a 
similar mass losses occurred in all aerated tests (2, 4, 6 and 8) and amounted to 2.5% 
of initial mass. The mass in other tests decreased marginally less but the most in the 
test 3 with biopreparation – 2.1%, and the least in the control test 1 – 1.9%. The larg-
est degree of organic dry weight removal occurred in tests with biopreparation and 
ranged between 12.5% and 14.4%. In both control tests the value of this parameter 
was lower, in the test 1 it was equal 11.3% and in the test 2 – 11.8%. 

After 41 days of the experiment, the content of organic carbon in all containers 
was very similar and ranged between 29.1% and 30.6% and the total nitrogen ranged 
between 4.2% and 5.0% (Table 1). The highest degree of organic carbon removal oc-
curred in control test 1 and amounted to 26.8%, whereas in the test 3 with bioprepara-
tion it reached 22.6%. The maximum total nitrogen depletion equalled 28.6%, and 
occurred in control test 1, whereas in the test 3 with biopreparation a lower value 
equal 26.1% was obtained (Table 1). In the other aerated tests nitrogen and carbon 
losses were similar and a bit lower than in test 3. 

The investigation of nitrogen mineralization by microflora showed that after two 
weeks of processing a large depletion of nitrates extracted from the sludge occurred 
(Fig. 4). Initial nitrate nitrogen values ranged between 119.3 mg N/kg d.w. and 192.7 
mg N/kg d.w. and they decreased to the range of 7.6–18.8 mg N/kg d.w. The greatest 
decrement occurred in tests 3–5. In the control tests, the nitrate content decreased by 
up to 11%. After 13th day of experiment, the nitrate nitrogen contents extracted from 
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all aerated tests were in the range 31–38 mg/kg d.w. and were higher than in the not 
aerated samples (23–25 mg/kg of d.w.). Simultaneously, the ammonia nitrogen 
amount increased considerably in the extracts. At the beginning of the experiment, the 
content of ammonia nitrogen extracted from the sludge amounted from 0.55 to 1.55 
mg N/kg d.w. By the 41st research day it increased to the values of 7.4–9.3 mg N/kg 
d.w. The highest concentration occurred in the control test 1. In the other tests, the 
amount of ammonia was lower. The nitrite nitrogen content extracted from the sludge 
changed between 9.4 and 38.7 mg N/kg d.w. and did not depend on the method of 
sludge processing. 

 

Fig. 4. Time dependence of nitrate nitrogen content extracted from the sludge 

 
Fig. 5. The in situ redox potentials during the experiment at the depth of 14 cm 

Concentration of phosphate phosphorus at the beginning of the tests was about 
0.6 mg P/g d.w. After two weeks it increased to about 0.9–1.1 mg P/g d.w. At the end 
of tests its values were around 1.8 mg P/g d.w. There were no significant differences 
between tests. 
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The in situ redox potential in tests 1–4 at the depth of 14 cm gradually decreased 
(Fig. 5). After 40 days of the experiment it changed in the range from –210 to –270 mV. It 
was lower in the tests with biopreparation than in control test during large part of ex-
periment. 

 

Fig. 6. Factors of odour emission during the experiment 

Odour measurements (Fig. 6) showed that the number of odour units coming from 
aerated samples was greater than from the non-aerated samples. A progressive in-
crease of the odour noxiousness occurred in all samples with biopreparation. 

The results of bacteriological analyses demonstrated a lack of significant differ-
ences in the microflora of tests (Table 2). The wastewater sludge was characterized by 
a high number of vegetative bacteria. In every test after the period of transformation 
the number of these bacteria decreased. However, reduction in their number was 
smaller than during the mesophillic or thermophillic fermentation process [7]. In all 
samples of sewage sludge, the quantity of bacteria spores increased. In samples with-
out aeration the proportional participation of bacteria spores was higher. 

The investigated sludge contained a large number of coli and of Salmonella bacte-
ria [6]. The sanitary effect was not observed taking into account the presence of Sal-
monella. After 41 days of the experiment these bacteria were present in all samples. 
Especially large number of coli including E. coli O157 indicated a potential health 
risk. According to obligatory rules in countries of the European Union, the majority of 
organisms from sewage sludge are listed in the second group of risk with exception of 
Salmonella and E. coli O157 and of several mycobacteria which are listed in the third 
group of risk [8, 9]. The titre of E. coli in investigated sewage sludge increased almost 
imperceptibly, which proved about a minimal reduction in the number of these bacteria. 

The number of Clostridium perfringens increased in all investigated samples when 
the number of nitrifying bacteria decreased. It indicated poor oxygen conditions in 
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samples. The lower number of nitrifying bacteria might also be a cause of the lack in 
the odour noxiousness limitation of the studied wastewater sludge. 

4. CONCLUSIONS 

• The analysis of initial results indicated that the biopreparation in a small degree 
modified biochemical processes and caused redox potential to decrease. 

• The clear decrease of odour noxiousness of the wastewater sludge for samples 
with biopreparation was not observed in applied conditions. The aeration process 
caused an increase of the number of odour units released to the environment during 
sludge processing. 

• A sanitary effect was not achieved in the experimental conditions. 
• Very small air space in the containers with wastewater sludge caused almost an-

aerobic conditions. The intensity of aeration, applied in the experiment improved 
aerobic conditions to a small degree. Also the composition of bacterial microflora 
indicated that the availability of oxygen was limited. 

T a b l e  2

Results of bacteriological analyses 

Parameter Day 1 2 3 4 5 6 7 8 

Total number of bacteria 
[cfu/g d.w.] 

13 3.2⋅108 3.4⋅108 4.1⋅108 4.9⋅108 3.7⋅108 3.9⋅108 3.5⋅108 3.0⋅108 
27 5.4⋅108 4.8⋅108 3.5⋅108 9.5⋅108 3.0⋅108 3.5⋅108 6.1⋅107 3.6⋅108 
41 1.8⋅108 1.2⋅108 6.1⋅107 2.4⋅108 6.9⋅107 1.60⋅108 1.4⋅108 1.5⋅108 

Ratio of total number of bacteria 
to total number of bacteria spores
[%] 

13 0.55 0.58 0.29 0.31 0.72 0.47 0.46 0.59 
27 1.07 0.52 2.39 0.23 2.02 0.93 7.41 1.60 
41 1.07 0.74 2.01 0.57 1.60 0.52 1.27 0.71 

Number of Clostridium perfringens
[cfu/g d.w.] 

13 1.0⋅105 9.2⋅104 8.7⋅104 1.2⋅105 1.4⋅105 1.2⋅105 1.1⋅105 1.1⋅105 
27 1.2⋅105 1.6⋅105 1.0⋅105 1.1⋅105 1.7⋅105 1.5⋅105 2.0⋅105 2.0⋅105 
41 1.1⋅105 1.6⋅105 2.2⋅105 1.7⋅105 1.8⋅105 2.3⋅105 2.1⋅105 1.3⋅105 

Titre of Coli 
13 2⋅10-7 2⋅10-7 2⋅10-7 2⋅10-7 2⋅10-7 2⋅10-7 2⋅10-7 2⋅10-7 
27 7⋅10-6 4⋅10-6 5⋅10-6 4⋅10-6 2⋅10-6 4⋅10-6 2⋅10-6 8⋅10-6 
41 7⋅10-6 4⋅10-6 4⋅10-6 4⋅10-6 4⋅10-6 4⋅10-6 4⋅10-6 2⋅10-6 

Titre of II phase nitrifying bacteria
[1 g d.w.] 

13 4⋅107 4⋅107 5⋅107 5⋅107 4⋅107 4⋅107 5⋅107 4⋅107 
27 4⋅106 4⋅106 4⋅106 5⋅105 10⋅105 4⋅106 5⋅106 4⋅106 

Presence of Salmonella sp. 
[100 g of sludge] 

13 pres. pres. pres. pres. pres. pres. pres. pres. 
41 pres. pres. pres. pres. pres. pres. pres. pres. 
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• The faintly alkaline reaction of the sludge proved that the growth of lactic acid 
bacteria was limited. 

• It is supposed that low redox potential was a reason of a weak growth the micro-
organisms from biopreparation. 

• In the continuation of these studies conditions for the tests should be changed. 
The course of processes of wastewater sludge processing at higher redox potential 
should be investigated. 
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