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Abstract 

Thiswork comprisesthe resultsof inycstigationson the amount of heterotrophicbacteria (mesophilic), bacteria 
showing the sanitary state (TC,FC,FS), anaerobic spore forming bacteria (C/astr/d/mn pezfdngens), pathogenic / 
potentżally pathogenic bacteria (Stap/y/ococcus aureus, Pseudomonas aeruginosa, Sa/znane//a spp.), filamentous 
fungi and yeasts and parasiticworms in sewage sludge atsewage treatinent plants in Olsztyn, Okztynek and Kętrzyn 
in the Mazurian Lake District. The numberof FC, C/ostz-/diurnpezfringens and Sa/in one//a aswell as parasiticworrns 
in the soils (ertilized by 6.7 and 13.4 t/ha dry wt. of sewage sludge (rom deposit fields at sewage trcatment plant in 
Olsztyn was also determined. The lowest degree of bacteriological contaminationwas found in sewage sludge Erom 
the sediment fields at the sewage treatment plant in Olsztyn, whereas the bighest degree was found in sewage 
sludge from lagoons at the sewage treatment plant in Kętrzyn. The soilsfertilized bysewage sludges from sediment 
fields at the sewage -treatment plant in Olsztyn contained 100- 00,000 times fewer FC and C/osźńdiurnpez5ingens 
and parasite worms than sewage sludge. There was a lack o( pathogenic bacteria Erom group of Sa/znane//a. The 
numbers of FC and C/astr/d/urn peifringeas and parasitic worms in soils depended on the amount o( sewage used 
in fertilization.This suggests preliminaiy hygienization of sewage sludges before they arc used in agriculture. 
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Introduction 

Sewage siudge applied as organie fertilizers posi-
tiyely influence physical and chemical properties of 
soils. In light soils they improye air-water properties, 
make clod structure, increase the amount of organic 
and organie-minera! coloids, inerease sorptiye capacity 
of soils. Thc introduction with sludges significant 
amounts of nutritiye eomponents causes We increase 
of the amount of ayailable forms of elements in soils 
[9]. 

Agricuttural use of sewage siudge is cheapest 
method of utilization [11, 17]. Only 20% (about 6 
mln t) of sewage sludge is applied in agroculture. The 
factors limiting their utilization in agriculture are: high 
content of heayy metals [4, 10, 24, 25], toxic organie 
compounds and mutagenie factors [16], pathogenic 

bacteria and yiruses [2,8, 12,28,29], and protozoa and 
parasite worms [15, 18,21]. The possibility of contami-
nating pastures, meadows, crops [13,19, 20,22] surface 
and underground waters [3,13,18] limits the use of 
non-hygienic sewage siudge to fertilization of erops 
which are not consumed raw and, recultiyation of dc-
graded areas and woodlands [2]. Sewage siudge in We 
Mazurian Lake District has not been fully inyestigated 
as being applied in agriculture. We eyen know less of 
its hygienic-sanitary aspects. The aim of this research 
was to estimate the usability of sewage studge from 
three big sewage treatment plants in Olsztyn, Ol-
sztynek and Kętrzyn for agricultural purposes from a 
sanitary point of yiew. The eyaluation was carried out 
on the basis of microbiological and parasitologicat cx-
aminations, as well as data concerning the conditions 
which should exist for sewage lcd to the ground or 
waters [26]. 
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Materials and Methods 

Sewage Sludge 

Sewage siudges from field sediments ofwaste-treat-
ment plants in Olsztyn and Olsztynek and from lagoons 
and putrid settling tanks in Kętrzyn were examined. 
The samples of sewage siudge from the waste-treat-
ment plant in Olsztyn were taken from 1 field, in 
olsztynek from 3 fields; the samples of sludge from the 
sediment lagoon in Kętrzyn were collected from 7 harc 
- holes during their exploitation; and from the putrid 
settling tank at the access platform because of its fluid 
consistence. According to Wojtas and co-workes 
the sludges differed significantly as far as dry mass, 
carbon and macro and micro components arc con-
cerned. The least amount of trace elements was found 
in the sewage sludges from Olsztyn and higher 
amounts in Olsztynek and the highest in Kętrzyn. AlI 
of them contained marc then the standard (from the 
point of yiew of the usability of sewage sludges in 
agriculture) amounts of cadmium, zinc (in Olsztynek 
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and Kętrzyn), nickel (in Kętrzyn) and chromium (in 
Olsztyn). 

Field Experiments 

Field experiments were carried aut in one plant 
(Szynowo Plant) of the State Enterprise of Agricul-
tural Economy in The Mazurian Lake District in 1991. 
The experimental arca was diyided into 4 fields (Figl) 
which differed because of the amount of sewage 
sludges and mineral fertilizers being applied (Table 1). 
The results of chemical anatysis being carried aut car-
her were the base for the calculation of sewage sludge 
dose (Wojtas, priyate information). Potatoes CIS yari-
ety planted on 23rd April and coltected on 30th Sep-
tember 1991 were cultiyated. AlI the agrotechnical 
procedures were carried aut according to the obliga-
tory rules. The sewage sludges were scattered on the 
fields and theywere coyered by ploughing. The rnineral 
fertilizers were put before planting potatoes and mixed 
with a harrow. 

Sarnpling 
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Soil samples for microbiological and parasitologicat 
examinations were taken from 15 sites (Fig.1) from a 
ploughed layer - at each site from 16 points in the 
radius of 10 m into sterile deyeloping dishes. ASter 
mixing they were carried into stenIe glass wessels and 
taken to a laboratory. 
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Figl. Situational draft ci fietds being fertilized with sewage sludges 
A - non-fertilized field (control); 
B - fertilized field with a dose 6.7 t/ha dry wt of sewage sludges and 

additionally with mineral salts in the amount of 75 kg/ha N and 
100kg/haK; 

C - fertilized field with a dose 13,4 t/ha dry wt cf sewage sludges 
D - fertilized field with a dose 13.4 t/ha dry wi ci sewage siudges and 

additionally with mineral salts in arnount ci 37.5 kg/ha N and 
50 kg/ha K; 

1, 2, 3.....15 - sampling sites 

Mierobiological Examination 

Sterilized weight 10 g samples (sewage studges, 
soils) were ground in a mortar (sewage sludges with 
stenIe sea sand), suspended in physiological solution 
NaCl (10 cm3 of physiological solution NaCI/1 g giyen 
sample) and homogenized at 1000 rpm for 10 minutes. 
Universal Laboratory Aid Type MPW - 309 (Poland) 
was used for homogenization. The sample was diluted 
in proportion 1:10 -1: 1000,000 and planted on giyen 
fluid medium and constant agar medium. Physiclogical 
solution NaCl was dilluent. Estimates were made for: 

1. the number of aerobic heterotrophic bacteria 
(TyC); 

2. the number of anaerobic spore - forming bacter-
ia (Clostridium pe;fringens); 

3. the number of Staphylococcus aureus; 
4. the number of Pseudomonas aeruginosa; 
5. the number of filamentous fungi and yeasts; 
6. the number of coliforms (TC); 
7. the numben of fecal coliforms (FC) 
8. the number of fecal streptococci (FS) and 
9. the number of bacteria of Salmonella. 
The number of aerobic heterotrophic bacteria were 

determined on broth agar after 24 h of incubation at 
37°C according to the bacteriological technique of 
examination water and sewages. The number of Cbs-
tridium perfringens was determined on Wilson-Blair 
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medium after 18 h of incubation at 37°C (after being 
pasteurized for 10 minutes at 80°C). The number of 
Staphylococcus aureus was determined on Chapman"s 
medium (Staphylococcus 110 Medium, Difco) after 48 
h incubation at 37°C. Typical colonies were grafted on 
Coagulase Plasma (Difco). Bacteria coagulase positiye 
were tested for oxidase, catalase, in preparates stained 
by Gram" s method and in disseminations on mannitol 
and glucose medium. The number of Pseudomonas 
aeruginosa was determined on the medium with 
cetrimide and nalidixic acid after 24-48 h of incubation 
at 37°C. The number of filamentous fangi and yeasts 
was determined on Sabourano and Trichophyton"s 
Agar (Difco) after 3 and 2 days of incubation at 25°C 
and 37°C, respectiyely. The results of these indices 
were giyen per 1 g wet matter of sewage siudges (CFU/ 
1 g wet wt.) The tota number of coliforms and the 
number of fecal coliforms was determined by fermen-
tation-tube method on Eijkman"s medium with Dur-
ham"s tubes after 48 h of incubation at 37°C and 24 h 
at 44.5°C. Positiye results of the presence of bacteria 
from Escherichia coli group were checcked on Endo"s 
medium, in fermentation-tube test on Lauryi Tryptose 
Broth and in preparates dyed by Gram"s methods. The 
number of fecal streptococci was determined on 
Slanetz and Bartley"s media after 72 h of incubation at 
37°C. Positiye resu!ts showing the presence of fecal 
streptococci were checked on m-Enterococcus Agar. 
Typical colonies grown on this medium were inocu-
lated on broth medium determining the ability of 
growth at 44.5°C; pH 9.6, in the presence of 6.5% NaCi 
and in milkwith 0.01% methylene blue. The number 
of bacteria from Salmonella was determined on 
the broth with sodium selenite and on broth 
with sodium tetrathionate at 37 and 41.5°C. Af-
ter the period of incubation they were inocu-
lated on different agar media with xylose, so-
dium desoxychoate (XLD - Agar) and briliant 
green (BO-Agar) and incubated at the same 
time at 37°C and 41.5°C for 24 h [5]. Typical 
colonies were found on Kiigier"s medium, urea 
medium (Urea-Agar) and in the test of glass 
aglutination with polyyalent specific serum for 
the flagellar antigen HM carried out according 
to the technique accepted in Poland [6]. The 
tota! numer of cofiforms, the number of fecal 
coliforms, the number of fecal streptococci and 
the numer of Salmonella (MPN/1 g wet wt.) were 
read from MacCrady"s tables [1]. Ali the micro-
biological eyaiuations were carried out in 3 par-
aud inoculations of the same sample. 

Microbiologicai examinations of the soils fertilized 
by sewage siudges comprised the determination of 
fecal coiiforms, anaerobic sporeforming bacteria 
(Clostridium peringens) and bacteria of Salmonella 
type. The eyaluations were carried out according to the 
technique giyen for sewage siudges. 

Table 1. Schemeoffertilization ot arablefieldswitb theuse ofscwagc 
sludges from sediment fields of the communal sewage-treatment 
plant in Olsztyn 

Field 
Sewage sludges 

(t/ba di3" wt.) 
Mineral fertilization (kg/ha) 

N K 

A O O O 

B 6.7 75 100 

C 13.4 0 O 

D 13.4 37,5 50 

Parasitological Examinations 

Parasitological examinations of sewage sludges and 
soils fertilized by them inciuded counting the parasites 
and their inyasiye forms by sedimentation, fiotation 
and iaryoscopy, in 5 g samples. 

Resuits 

Sewage Siudges 

The number of heterotrophic bacteria in sewage 
siudges was 6.0 X 106 CFU/GWW from siudge fields in 
Olsztyn, 3.oxlo 5-7.6x106 CFU/OWW from siudge 
fields in Olsztynek and 3.0X106-28.0x106 
CFU/1 GWW from lagoons and 57.3 X 106 
CFU/1 GWW from a decay settling pond in Kętrzyn. 
The number of bacteria of sanitary significance (TC, 
PC, ES) was: 1.1x106; 4.6x105 and 9.0x103 
MPN/1 GWT in sewage siudges from deposit fields in 
Olsztyn, 43.0x103-210.0x io; 23.0x103-1.1 X 106 and 
46.0X103-46.0x104 MPN/1 OWW in sewage sludges 
from siudge fields in Olsztynek, and 64.0x103-
-2.4x 106; 210.ox 103-2.4x io; 7.0x103-440.0X 10 
MPN/1 OWW from lagoons and 1.1x106; 210.0X103; 
15.0 X i0 MPN/1 GWW from a decay settling pond in 
Kętrzyn. AS far as pathogenic bacteria are concerned 
the lowest amount of Salmonella spp. was noted (0 - 

140 MPN/1 GWW), but the highestwasStaphylococcus 
aureus (1.0x102-410.0x103 CPU/1 GWW). The 
number of Pseudomonas aeruginosa ranged from 30 to 
700 CFU/1 GWW. The number of filamentous fungi 
and yeasts determined on Sabourands"s medium was 
56.0x103 and 152.0x103 CPU/1 OWW in sewage 
siudges from sediment fields in Olsztyn, 3.5 X io3-
-6.8 x 10 and 5.0x 103-17.6x io CFU/1 GWW in sew-
age sludges in Olsztynek, 3.5x10312.0X103 and 
1.3X103-72.5x103 CPU/1 GWW in sewage siudges 
from lagoon and 1.5 X io and 35.0 X io3 CPU/1 GWW 
in sewage sludges from the decay settling tank in Kętrzyn. 
The number of filamentous fangi and yeasts deter-
mined in Trichophyton Agar was 1.25X103-11.0X103 
and 6.2X103-10.4x103 CPU/1 OWW in sewage 
sludges from sediment fields in Olsztynek, 1.65x103-
...47Qx103 and 7.5x103-83.0X103 CPU/1 GWW in 
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Fig. 2. Number (ayerage and range) of indicatory bacteria ofsanitary 
stateand patkogenic ones andfilanientous fungi and yeasts insewage 
studges from the fields of the municipal sewage-treatment plants in 
Olsztyn (A) and 0lsztynek (B) and lagoon (C) and the decay settling 
tank (D) (n Kętrzyn. Explanations as in Fig. 1 

scwage sudgcs from lagoons and 3.2x103 and 
13.4x103 CFU/1 GWW in sewage siudges from the 
decay sctling tank in Kętrzyn. There arc no data con-
ccrning the last group of microorganisms from sewage 
siudges taken from sediment fields in Olsztyn. Detailed 
data concerning the ranges and mean yalues of these 
microorganisms arc giyen in Fig. 2. Any forms of para-

„Ol 

Ciost r/d/um 
perfringens 

N/ewo/ak S. etat 

Salmonella sp. 

ABCD ABCD ABCD 
Fig. 3. Number (ayerage and range) oS indicatory bacteria ofsanitary 
state and pathogenic ones in the soils oS the fields being fertilized 
with sewage studges. Explanations as in Fig. 1. 

sites werc noticed in the samples of sewage sludges 
from sediment fields in Olsztyn and the decay settling 
tank in Kętrzyn. Only singlc eggs of Fasciola hepatica 
and Ascaris sp. and tarya and imago forms of nema-
todes were found in thc samples of sewage sludges 
from sediment fields in Olsztynek. Fragments of str0-
bili Taenia sol/um and single eggs of Toxocara spp., 
Trichocephalus spp. Chabertia spp., Fasciola hepatica 
and the cysts of Balantidium spp. (Table 2) werc found 
in the samples taken from lagoons in Kętrzyn. 

The number of FC ranged horn 99 to 120 MPN/1 
GWW (titre 0.1-0.01) in thc soits which not fertilized 
with sewage sludges (controlled). Clostridium petj+in-
gens were not found in 1 GWW of soil. Thcrc was also 
a lack of pathogenic Salmonella bacteria and the cggs 
of parasitic worms of Ascaris lumbricoides and Tri c/to-
cephalus tri churia. In the soils bcing fertilized with a 
dose 6.7 t/ha DWT of sewage sludges from the fields 
in Olsztyn thc number of FC ranged frorn 45 to 160 
MPN/1 GWW (titre 0.2-0.01), C/ostrie//um petfringens 
from 4 to 9 CFU/1 GWW (titre 0.7-0.1); thcre were 
pathogenic bacteria of Salmonella type. Eggs ofAscaris 
lumbricoides were only found in 1 sample out o/5. The 
soils being fertilized with 13.4 t/ha DWT of sewage 
sludges from the fields in Olsztyn contained FC, which 
ranged from 115 to 1470 MPN/1 GWW (titre 
0.06-0.0004); and C/ostrki/um perj%ingens, from 0 to 
200 CFU/1 GWW (titre >1-0.04). There were no 
pathogenic bacteria of Salmonella type.Ascaris lumbri-
coides were found on/y in 2 out of 5 examined soil 
samples (Fig. 3, Table 3). 

A8C0 ABCO 
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Table 2. Parasites and their inyasiye forrns in the sewage sluclges from the sedimentf,elds and Iagoons and a decay settling tank of some municipal 
sewage treatment plants on thc Mazurian Lake District 

Methods of inyestigations 
Sewage treatment plant 

Lawo-
Sedimentatiye Floating scopy 

Olsztyn 
(sediment fields) ND" ND ND 

olsztynek Fasciola hepatica (oya)d -2 ind Roundworrn free-liying (laryae) -5 ND Ascaris sp. (oya)g -4 ind. (Jmaginesf - 1 

Kętrzyn Taeniasolium (fragments)b Balantidiumsp. (cysts)f -2 ND 
(lagoons) Toxocara sp. (oya)d - 3 ind, 

Trichocephalus sp. oya)d - 1 ind. 
Chabertia sp. (oya) - 1 ind. 
Fasciola hepatica (oya)° - I ind. 

Decay settling tank ND ND ND 

a .-. not detected; 5- lack of direct endanger for people; c - lack of direct endanger for people and animals; d - possible endanger for the health 
of people and animals; e - possible endanger for breeding animals; f - possible endanger for pigs; g - endanger for health of people. 

Discussion 

A high number of indicatory bacteria of sanitary 
state in sewage siudges from sediment fields in Ol-
sztynek and lagoons in Kętrzyn, Pseudomonas aerugi-
nosa, Staphylococcus aureus and pathogenic fungi de-
termined on Trichophyton Agar in sewage studges 
from fields and Iagoons from ali 3 sewage- treatment 
plants limit the possibility of using them for fertilizing 
arabie soils and grasslands. The resuits ofparasitologi-
cal examinations suggest the possibitity of danger for 
human health or animal heatth during fertilization or 
in case of using raw crops and feeding animals. In cach 
case if we want to take up agricuttural utitization of 
sewage siudges Erom any sewage-treatment plant it is 
necessary to subject them to preliminary hygienization 
in order to decrease danger. This can be done by 
dilution wbite composting with trec bark, sawdust, 
feathers and other agricultural wastes. In this way the 
obtained organic fertilizer can be used for agricultural 
utilization. During composting a significant part of 
pathogenic bacteria, fungi and eggs of parasites arc 
destroyed [8, 17]. Therefore, present inyestigations are 
preliminary and their further deyelopment towards 
obtaining yaiuable organic fertilizers from siudges 
shouid continued. Therc is no qucstion as far as bw 
numbers of indicatory bacteria of sanitary state (PC), 
Ciostridium pe;y5ingens and tota! back of pathogenic 

Table 3. The occurence of indicatoiy bacteria of sanitary state and 
pathogenicof alimentary tract and the eggs of parasiteworms in the 
soils being fertilized with sewage sludges. 

FC 
Ciostridium 

Salmo- Ascaris lumbricoides, 
Field 

(titre) 
perfringes 

nella Trichocephalus 
(titre) trichuria 

A 0.1-0.01 NDa 
________ 

ND ND 

13 0.2-0.01 0.07-0.1 ND Ascaris in 1 out 5 
examiaed soil samples ___________ 

0.06-0.0009 
____________ 

1-1 
_______ 

ND ND 

D 0.04-0.0004 0.2-0.04 ND Ascaris in 2 out of 5 
__________ exarnined soil samples 

a - not detected 

bacteria of Salmonella type, parasitic worms (Ascaris 
lumbricoides, Trichocephalis trichuria) in thc fields not 
being fertilized with sewage siudges are concerned. 
Their 10w contamination by indicatory bacteria ofsani-
tary state (PC) may be a resuit of contamination by wild 
animais, rodents, migrating birds and so on. On the 
contrary - high numbers of indicatory bacteria of sani-
tary state (PC) and Clostridum perfringens in the soits 
fertiiizedwith a larger dose of sewage siudges (13.4 t/ha 
DWT) can be explained by their higher number in non 
hygienized sewage siudges. A significant decrease in 
thcir number in the samples of the soils fertilized with 
a smalier dose of sewage siudges (6.7 t/ha DWT) sug-
gest that the degree of bacteriological and parasitologi-
cal contamination of the soiis depends on the amount 
of sewage siudge dose calculated for a unit of area of 
the soil being fertilized. The tack of pathogenic bacte-
na of Salmonella in the sampies of soils not being 
fertilized (controlied) and fcrtilizcd with sewage 
siudges can be a resuit of their lack in the sewage 
siudges used for fertilization and/or their bw suryiyal 
in soil enyironment [16]. On the contrary - thc presence 
of parasites in 40% of the examinated soil samples 
being fertilized with larger doses of sewage siudges and 
in 20% of the cxamincd soi! sampies being fertilized 
with a smaller dose of sewage sludgcs can be cxpiained 
by the high suryiyal of these organisms in soil. It is yery 
weib known from hterature that after introduction of 
240 CFU/1 GDW Salmonella rods together with sew-
age siudges into soi! most of thcm dic within the first 6 
days; after 12-15 days they cannot be found in 1 GDW 
of soi!. Howeyer, the eggs of Ascaris spp. in the soils 
fertilized with the sewage siudges in spring before 
planting potatoes were stili found after 5 months i.e. 
while picking them up. Pathogenic bactcria, yiruses, 
parasites do not penetrate potatoes, carrot and others 
as bong as their natural coyer is not damaged [16]. The 
possibiiity of bacteriotogical and parasito!ogical con-
tamination of agricubturab crops suggests the utilization 
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ofsewage siudges from the sewage-treatment piants in 
Olsztyn, Olsztynek and Kętrzyn oniy for recuitiyation 
ofdegradated soi!, woodlands and so on. In the case of 
fertilization of arabie soil the sewage siudges from 
these plants shouid be composted, limed or hygienized 
in some other ways before use. 

Conciusions 

1. Large numbers of indicatory bacteria of sanitary 
state (TC, FC, FS) and Ciostridium pe;fringens in the 
sewage siudges from the sewage- treatment plants in 
Olsztyn, Olsztynek and Kętrzyn exceeding seyeral 
times the maximum accceptabie yalues for sewage for 
agricultural use limit the possibility of their usage in a 
raw state for fertilizing degradated soils, coal-mine 
damages, woodiands and so on. 

2. The presence of pathogenic bacteria or poten-
tially pathogenic Pseudomonas aenginosa and Staphy-
lococcus aureus in the sewage siudges from the plants 
in Olsztynek and Kętrzyn as weil as pathogenic bacte-
na of Salmonella type and the eggs of parasitic worms 
suggests the necessity of their preliminary hygieniza-
tion (composting, liming) before being used in agnicul-
ture. 

3. The degree of soils contaminated by the indica-
tory bacteria of sanitary state (FC), Clostridiumpez-in-
gens and the eggs of parasitic worms being fertilized 
with non-hygienized sewage siudges depends on the 
amount of dose of sewage sludges per a unit of the 
surface. 
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