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l. sewage sludge ( 100% ), 
2. sewage sludge+ farmyard manure (50% : 50% v/v), 
3. sewage sludge+ farmyard manure (25% : 75% v/v), 
4. farmyard manure (100% ). 
Experiments were carried out in room temperature conditions in plastic containers 

of2.5 dm3 volume [5] and samples for microbiological tests were collected on day 1 and 
90 of the trial. 

The sewage sludge applied in the experiment originated from communal sewage 
treatment plant with a small participation of industrial sediments with an advantageous 
chemical composition and the farmyard manure - from dairy cows. The sewage treatment 
plant from which the sludge originated is a modern one based on the mechanical-and­ 
biological treatment. The compost mixture was oxygenated by a mechanical mixing 
of compost every 10-14 days in the fi rst two months of studies and once in the third 
month. 

Selected properties of both components and composts are presented in Table 1 and 
Table 2. 

Table I. Selected properties of sewage sludge and farmyard manure 

Specification Unit Sewage sludge Farmyard manure 
Ph-H,O - 6.96 8.20 
Dry matter g· kg:' 166.5 348.0 
Organic C g · kg:' d.m. 345.5 254.6 
Total N 56.3 20.6 
C:N - 6.14 12.36 

Table 2. Influence of composting time on changes in organic carbon, nitrogen total and dry mass content in 
compost samples 

Days of composting 

Compost 
I 90 I 90 I 90 I 90 

Carbon Nitrogen C:N d.m. 
gkg' d.m. of compost % 

Sewage sludge 
345.51 230.30 56.31 30.43 6.13 7.57 20.00 44.81 

(control) 
50% sewage sludge+ 

300.20 230.01 39.72 23.62 7.56 9.74 24.81 37.81 50% manure 
75% sewage sludge+ 

312.31 228.01 35.42 27.00 8.82 8.44 25.24 38.80 
25% manure 
Manure 254.61 205.00 20.61 18.44 12.35 11.14 53.51 59.69 

Foll owing a 90-day composting process, the second stage of experiments was 
conducted in which the produced composts were incubated in soil. Then, plastic containers 
were fi ll ed with grey-brown podzolic soil in the amount of 975 g d.m. Composts were 
appli ed in the amount of 2.5% in relation to soil mass corresponding to 25 g d.m. of 
composts and the experimental design included the foll owing combinations ( each 
treatment in three repli cations): 

I. soil - control, 
2. soil+ sewage sludge compost, 
3. soil+ sewage sludge+ farmyard manure compost (50% : 50% ), 
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> =D= B=J=DE:G=B 9GHR:J:GE=B:AE ?HH9DB:G@J9 - :G@?I I ?GB - 9HW[ 99B \ `L] C9;;9> :G@
? ` , .B?F :GHAS?J:9G 9CI ;?J=8 ?J JR= J=EI =D?JAD= 9COU_47 aAG@: > =D= B=J=DE:G=B 9G
JR= / ?DJ:GE=B:AE \OY] ?J JR= J=E I =D?JAD= 9COU_4 ?CJ=D! B?F8 9C:GHAS?J:9G7 b?HJ=D:?
CD9E JR= Salmonella @=GA8 > =D= B=J=DE:G=B SF JR= I ;?J= E=JR9B 9GJR= / =DHWE=B:AE
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combinations were lower by 24% - in the compost with 50% share of sewage sludge and 
50% farmyard manure and by 41% in the compost containing 75% sewage sludge and 
25% farmyard manure. On the other hand, in the farmyard manure alone, the numbers of 
bacteria were highly significantly lower by 86% in relation to the number of bacteria in 
the sewage sludge alone. 

Table 4. The number of actinomyces in compost [IO' cfu · g-' d.m. of material) 

Combination Mean Standard deviation 
Difference 

(control - combination) 

Stage I 

I day 

Sewage sludge ( control) 156.63 43.33 - 

50% sewage sludge + 50% 
185.82 51.12 29.19 

manure 

75% sewage sludge+ 25% 
300.15 66.25 143.52"" 

manure 

Manure 116.80 18.16 39.83 

90 day 

Sewage sludge ( control) 106.94 24.55 - 

50% sewage sludge + 50% 
148.73 51.80 41.79 

manure 

75% sewage sludge+ 25% 
137.93 27.73 30.99 

manure 

Manure 114.93 36.40 7.99 

•• - highly signifi cant difference between the number of cell s in the control and their numbers in a given 
combination 

The 90-day long period of composting resulted in a several fold decline of bacterial 
counts in the examined material. The most probable factor which contributed to the 
qualitative reduction of bacteria was temperature which, in the course of the aerobic 
(thermophilic) phase of composting of the organic wastes as a rule exceeds 60°C [8, 
32]. According to Wieland and Sawicka [35], once the above-mentioned temperature 
is exceeded, the number of bacterial colonies can decline and only such spore-forming 
bacteria as Clostridium survive. 

Apart from proper bacteria, another group of microorganisms whose numbers were 
analyzed in this experiment were actinomycetes (Tab. 4). According to Bhamidimarii and 
Pandey [4], besides fungi, these bacteria are the most important group of microorganisms 
which participate in the process of transformation of the composted material into 
humus. 

Analyzing numbers of actinomycetes on the day of establishment of the experiment 
(Tab. 4), their highest counts in all compost samples were determined in the compost 
consisting of 75% of sewage sludge and 25% farmyard manure and the lowest - in the 
farmyard manure alone. Following 90-day period of composting, the authors observed, 
as in the case of proper bacteria (Tab. 3), a reduction in the number of actinomycetes 
in all experimental composts. The most noticeable (in relation to the day of experiment 
establishment) decline in the cell proliferation reaching 55% was recorded in the compost 
consisting of75% sewage sludge and 25% farmyard manure and the lowest (2% )- in the 
farmyard manure after composting. 
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Table 6. The number of E. coli in compost [ I 02 cfu · g·' d.m. of material] 

Combination Mean Standard deviation 
Difference 

(control - combination) 
Stage I 

I day 
Sewage sludge (control) 14.23 10.18 - 

50% sewage sludge + 50% 
6.05 2.48 8.18 

manure 
75% sewage sludge+ 25% 

4.39 1.54 9.84 
manure 
Manure 20.77 9. I 8 6.54 

90 day 
Sewage sludge (control) 3.37 1.25 - 

50% sewage sludge+ 50% 
10.56 8.37 7. 19 

manure 
75% sewage sludge+ 25% 

13.94 7.37 10.57 
manure 
Manure 10.39 8.04 7.02 

Table 7. The number of Clostridium perfringens in compost [I 02 cfu · g·' d.m. of material] 

Combination Mean Standard deviation 
Difference 

(control - combination) 
Stage I 
O day 

Sewage sludge (control) 103.22 62.36 - 

50% sewage sludge+ 50% 
75.98 52.88 27.24 manure 

75% sewage sludge+ 25% 
144. 19 83.43 40.97 manure 

Manure 37.99 38.32 65.23 
90 day 

Sewage sludge (control) 18.66 22.27 - 

50% sewage sludge+ 50% 
64.60 28.22 45.94 

manure 
75% sewage sludge+ 25% 

123.79 58.99 105.13" 
manure 

Manure 18.92 10.60 0.26 

* - significant difference between the number of cells in the control and their numbers in a given combination 

before their introduction into the soil, various sewage sludges should be subjected to 
additional hygiene processes in order to eliminate pathogens. 

On the basis of our own studies, it can be stated that the composting process of 
the sewage sludge and farmyard manure carried out in laboratory conditions proceeded 
properly as evidenced by the absence in the obtained composts of bacteria of Salmonell a 
genus (Tab. 8). Simil ar results were reported by Hassen et al. [11], who recorded 
a complete reduction of Salmonell a sp. already after 25 days of composting. However, 
different results were reported by Nguyen Thi [24], who found that a 4-month long period 
of composting of sewage sludge with the addition of straw, sawdust and CaC0

3 
resulted, 

in the majority of cases, only in the reduction in the numbers of Salmonell a sp. and not 
in their total elimination. 
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and 25% farmyard manure, while the lowest - in the farmyard manure alone. However, 
the composting process favored reduction in the numbers of these bacteria ranging from 
14 to 82%, depending on the experimental object. 

In the Il stage of studies consisting in the introduction of composted sludges and 
manure to the soil, it was found that not all microorganisms found there favorable conditions 
for growth and development. It could have been connected with the sorption properties of 
the soil causing that pathogenic microorganisms do not penetrate to the deeper layers of 
groundwater. Another reason could be the competition for food, production of antibiotics 
by some microorganisms, or the predatory activity of some protozoa. 

The composts from incubated experiment introduced into the soil did not cause 
a statistically significant increase of bacterial counts (Tab. 9). In the case of the soil 
incubated with the composts made up of75% sewage sludge and 25% farmyard manure, 
the determined numbers of bacteria were even lower in comparison with the control soil. 
A similar phenomenon was observed by Przybulewska et al. [27] in the experiment with 
soil enriched with vermi-compost in comparison with soil alone. 

Table 9. Total number of bacteria in soil [IO' cfu · g·' d.m. of soil] 

Combination Mean Standard deviation 
Difference 

(control - combination) 
Stage II 

I day 
Soil ( control) 60.70 20.18 - 

Soil + sewage sludge 84.27 57.36 23.57 
Soil+ 50% sewage sludge 

89.56 1.23 28.86 + 50% manure 
Soil+ 75% sewage sludge 

37.48 26.78 23.22 + 25% manure 
Soil+ manure 69.39 39.64 8.69 

60 day 
Soil (control) 33.14 5.90 - 

Soil + sewage sludge 27.29 10.12 5.85 
Soil + 50% sewage sludge 

35.36 14.23 2.22 + 50% manure 
Soil+ 75% sewage sludge 

18.31 5.75 14.83 
+ 25% manure 
Soil + manure 62.48 4.18 59.34 

After 60 days of incubation, there followed a decrease of cell proliferation dynamics 
both in the control combination (soil) and in that enriched with composts. The causes of 
this drop should be attributed to the microflora of the sewage sludge or farmyard manure 
which is of intestinal or faecal origin [ 11] and even if it survived the composting process, 
it did not find suitable living conditions in the soil [36]. 

A different phenomenon was observed in the case of actinomycetes (Tab. I O). 
Following the introduction of composts into the soil, the highest counts of actinomycetes 
were recorded in the soil with the compost rriade up of 75% sewage sludge and 25% 
farmyard manure, whereas their smallest numbers were found in the control soil. Elevated 
levels of actinomycetes in the treatments enriched with organic matter were caused most 
probably by the introduction into the soil of composts rich in cells of these microorganisms. 
Their counts ranged from 106.94 to 148.73 · 104 cfu · g·1 d.m. of material (Tab. 10). 
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Table I O. The number of actinomyces in soil [IO' cfu · g·' d.m. of soil] 

Combination Mean Standard deviation 
Difference 

(control - combination) 
Stage II 

I day 
Soil ( control) 2.39 1.85 - 

Soil + sewage sludge 5.53 2.20 3.14 
Soil + 50% sewage sludge 

3.21 0.71 0.82 
+ 50% manure 
Soil + 75% sewage sludge 

5.53 2.37 3.14 
+ 25% manure 
Soil + manure 4.24 2.15 1.85 

60 day 
Soil ( control) 82.67 2.83 - 

Soil + sewage sludge 77.94 16.07 4.73 
Soil+ 50% sewage sludge 

90.02 2.84 7.35 
+ 50% manure 
Soil + 75% sewage sludge 

83.90 9.51 1.23 
+ 25% manure 
Soil + manure 105.63 11.94 22.96 .. 

•• - highly significant difference between the number of cells in the control and their numbers in a given 

combination 

After 60 days of incubation, counts of actinomycetes in all analyzed soil objects 
increased several dozen times. The highest increase of this group of microorganisms was 
observed in the combination with farmyard manure and it was statisticall y signifi cantly 
higher in comparison with the control soil. Also Nowak et al. [26] and Przybulewska 
et al. [27], in their experiments with farmyard manure and vermi-cornpost, found a 
significant increase of actinomycete counts in the soil. Moreover, the development of 
these microorganisms might have been enhanced by temperature whose optimum for 
actinomycetes, according to Marcinkowska [ 19] is 27°C. 

The mycological analysis of soil samples (Tab. 11) carried out on the day of 
establishment of the experiment showed that the smallest number of fungi occurred in 
the control soil ( 1.9 · l 04 cfu · g·1 d.m. of material). The number of fungi in the remaining 
soil samples was several times higher. The observed higher numbers of the discussed 
microorganisms in the soil fortifi ed with composts was caused most probably by the fact 
that in these combinations, apart from typical soil microflora, fungi derived from composts 
were also isolated. The extension of the incubation time of the soil with composts to 60 
days did not exert a significant impact on changes in the numbers of fungi (Tab. 11 ). 

Soil is not a suitable environment for the growth and development of pathogenic 
microorganisms whose natural habitat is human or animal organism. That is why, already 
on the day when composts were introduced into the soil , E. coli counts were found to be 
reduced to the level of0.21-3.75 · 102 cfu · g· 1 d.m. of material (Tab. 12). 

On the other hand, in the control treatment (soil), this bacterium was not found either 
on the day of establishment of the experiment or after 60 days of incubation. In the case 
of the soil fortified with sewage sludge alone after composting, it was found that a 60-day 
period of incubation eliminated completely the discussed bacteria. In the case of the three 
remaining soil combinations to which compost with farmyard manure was introduced, 
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Following the introduction into the soil of composts, on the day of the initiation of the 
experiment, the highest number of C. perfr ingens bacteria was recorded in the soil with 
the addition of the compost made up of 75% sewage sludge and 25% farmyard manure 
and the lowest - in the control soil, without compost (Tab. 13). 

Table 13. The number of Clostridium perfringens in soil [IO' cfu · g·' d.m. of soil] 

Combination Mean Standard deviation 
Difference 

( control - combination) 
Stage II 

I day · 

Soil ( control) 0.39 0.61 - 

Soil+ sewage sludge 8.70 5.23 8.31 
Soil + 50% sewage sludge 

13.77 5.37 13.38 
+ 50% manure 
Soil+ 75% sewage sludge 

35.35 9.51 34.96'" 
+ 25% manure 
Soil + manure 42.02 26.42 41.63" 

60 day 
Soil (control) 0.59 0.65 - 

Soil+ sewage sludge 4.15 0.65 3.56 
Soil+ 50% sewage sludge 

6.88 4.77 6.29 
+ 50% manure 
Soil+ 75% sewage sludge 

9.58 4.25 8.99 
+ 25% manure 
Soil + manure 2.31 1.26 1.72 

•• - highly significant difference between the number of cells in the control and their numbers in a given 
combination 

The presence of pathogenic bacteria in the control soil without the addition of 
composts may cause controversy. However, it is not possible to exclude cases of accidental 
soil contamination prior to its collection for analyses by faces animals, of primarily of 
birds, li ving on the field from which the soil was collected (Tab. 13). Soil incubation with 
composts during the period of 60 days reduced numbers of C. perfringens bacteria but 
failed to eliminate them completely, irrespective of the experimental objective. 

CONCLUSIONS 

1. The composting of sewage sludge resulted in the reduction of counts of all the 
examined groups of microorganisms and total elimination of bacteria from the 
Salmonell a sp. genus. 

2. In conditions of the incubation of composts with the soil, there foll owed a decrease of 
the number of the studied microorganism groups with the exception ofactinomycetes 
and E.coli 

3. The results of the performed investigations revealed that the incorporation into the 
soil of composted sewage sludge can be treated as one of the ways of reducing the 
risk of occurrence of bacteriological-epidemiological hazards caused by the presence 
in them of Clostridium perfr ingens. 
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