
Polish Journal of Environmental Studies Vol. 9, No. 6 (2000), 487-503 
  

■ 

Estimation of the Degree of Pollution 

and Sanitary and Bacteriological State 

of Underground and Surface Waters in 

Omulewski Aquifer Area after Liquidation 

of Large Cattle and Pig Farms 

S. Niewolak, I. Gołaś 

Warmia and Mazury University, Department of Environmental Microbiology, 10-
957 Olsztyn-Kortowo, Poland 

Received: November 10,1999 
Accepted: December 7, 1999 

Abstract 

Studies were carried out on the content of NH4-N, NO2-N, NO3-N and numbers of bacteria indicatory of 
water pollution (TVC 20°C, TVC 30°C) and its sanitary state (TC, FC, FS) in deep wells and shallow 
piezometric boreholes, as well as on bacteriological contamination of water in rivers Sawica and Omulew, in 
the area of water-bearing formations of Omulewski Aquifer (with no isolation from the surface), in 
1995-1997 (after liquidation of the majority of large cattle and pig breeding farms in this area). The follow-
ing were distinguished: 1. wells in afforested area in Sedansk and Narty, 2. wells located in farm lands of 
individual farmers in Jedwabno and Kot, 3. wells located in breeding farms of foxes, cattle and pigs in the 
villages Janowo, Dzierzki, Wesotowo, Wielbark, Przezdziek, Baranowo, Wyzegi, and 4. piezometric 
boreholes in the cattle farm at Wesolowo. Water of Sawica River (together with water from trout ponds fed 
by this river) and of Omulew River were analyzed at Janowo, Kot, Wesotowo and Wielbark, close to 
respective wells and boreholes. The degree of chemical and bacteriological contamination of well waters was 
diversified, depending on current and earlier use of land in the area of Omulewski Aquifer. NH4-N content 
decreased in well and borehole waters located in the area of former cattle and pig farms at Dzierzki, 
Wesotowo, Przezdziek, Baranowo and Wyzegi compared to the levels found in 1989-1993. Notwithstanding 
this, its level in some wells exceeded 0.5 mg/1 NH4-N, i.e. the maximum level permissible in drinking water 
and water used for household purposes. As regards the sanitary state, only wells in Sedansk conformed to 
the standards for drinking and household water. Contrarily to what was expected, there was no decrease of 
indicatory bacteria numbers in water of wells and boreholes located in the area of former large cattle and pig 
farms. Water in deep wells at Kot, Wesotowo and Wielbark usually contained higher numbers of indicatory 
bacteria in the periods when their levels increased also in Sawica and Omulew rivers. 

Keywords: underground waters, deep wells, piezometric boreholes, rivers, nitrogen compounds, indicatory 
bacteria 

Introduction 

Complex physico-chemical and bacteriological studies 
[7, 8, 9, 13] carried out in 1989-1992 on the underground 
water-bearing formation of Omulewski Aquifer (having no 

isolation from the surface), Mazuria, showed a noticeable 
effect of large cattle and pig farms upon the hygienic and 
sanitary states of these waters. This effect was due to 
faecal contamination originating from pigsties, 
cattle-sheds, manure storage pits, and usually permeable 



  

 

 
Fig.   1.   Situation   scheme   of   water-bearing   formations   of 
Omulewski Aquifer in Mazuria Region, after Szczepkowski [24]. 
1, 2, 3 ... 11 - deep water wells 
12, 13, 14 - piezometric boreholes. 

septic tanks and silage silos [7]. Water collected from shal-
low piezometric boreholes located in the area of a former 
cattle farm at Wesolowo was also affected by pollution 
leaking from animal-runs and watering places. As regards 
nitrogen compounds, also improper storage of mineral fer-
tilizers affected water quality, and at Jedwabno and Kot 
- irrational use of these fertilizers by private farmers culti-
vating plants on sandy soils. It was concluded [7, 8, 9, 13] 
that new sceptic tanks should be constructed well away 
from the depression crater around water-well, and in some 
cases - liquidation of cattle and pig farms was suggested, 
as well as subordination of agricultural practices to protect 
principles of the aquifer in question (propagation of eco-
logical agriculture without use of mineral fertilizers and 
manure, ban on the use of herbicides and insecticides, 
afforestation of some areas etc.). Economic changes which 
had taken place in 1989 resulted in the rapid liquidation 
and disappearance of State Agricultural Farms together 
with large commercial animal breeding ones. This enabled 
a somewhat in situ possibility to check whether the sugges-
ted remedial measures and different land use have really 
decreased pollution and improved hygienic and bacteri-
ological states of underground waters in the most sensitive 
areas of Omulewski Aquifer. This paper presents the re-
sults on the content of NH4-N, NO2-N, NO3-N, and numbers 
of bacteria indicatory of pollution (TVC 20°C, TVC 37°C) 
and sanitary state (TC, FC, FS) in water of deep wells    
and    shallow    piezometric    boreholes    located 

within the area of Omulewski Aquifer, in 1995-1997 (when 
most animal farms had been already liquidated). Pollution 
and sanitary and bacteriological state was also estimated 
for two rivers flowing through this area, Sawica and 
Omulew, as well as of trout ponds at Janowo, supplied by 
Sawica River waters. 

Material and Methods 

Omulewski Aquifer 

The Omulewski Aquifer (Fig. 1) is composed of water-
bearing formations located in the western part of Mazuria-
Kurpiowski sandr, between Omulew and Orzyc rivers, 
Narew River tributaries. The aquifer comprises a group 
of fossil fragments of the main valley, and parallel and side 
valleys. Middle valley parts contain the thickest sandy-
gravel formations. The thickest water-bearing formations 
(120 m) are found in the middle part of the aquifer, near 
Wielbark, Przezdziek and Baranowo, and become more 
and more shallow south-westward, in the direction of the 
Narew River [24]. Because aquifer surface is permeable, 
direct water infiltration is quite important. Surface level 
of underground water of the aquifer is at a depth of 
from 1 to several metres, depending on local morphology. 
It is also subject to vertical variations, usually of ± 1.5 m, 
depending on atmospheric precipitation. Underground 
water capacity is usually a few tens m3·h-1, with 
depressions to a few over the area of hundreds km2. Over 
half the aquifer area is located under forested lands (pine 
and spruce), and about 1/4 - under cultivated lands. They 
represent natural protection of the aquifer against 
infiltration of pollutants through rain water. Until 1992 
the remaining part of the aquifer was located in places 
where large animal farms existed (cattle and pigs), which 
caused pollution of less deep underground waters of this 
area [7]. The aquifer area is drained by two major rivers, 
Sawica and Omulew, as also partly by Orzyc and Walpusza 
rivers. Sawica River begins in Szczepankowskie Lake, 
flows through Lake Sasek Wielki (close to the village Tar-
gowska Wola) which is intensively used for recreation. 
Omulew River is supplied with water from Lake Omulew 
as well as by Czarna River, the latter having its sources in 
Lake Dluzek. The two rivers (Sawica and Omulew) join at 
Wielbark, from which they flow to the Narew River (near 
Ostroleka). In Janowo village the Sawica River is dammed 
by a small weir to collect water for a nearby trout farm. 

Sampling Stations 

Based on the data of the general geologist of the Re-
gional Government in Olsztyn and of the Regional Inspec-
torate of Environment Protection in Olsztyn, 11 water 
wells and 3 piezometric boreholes were selected, all 
located in the Mazurian part of Omulewski Aquifer (Fig. 
1), 4 stations along Sawica and Omulew rivers (Fig. 2A) 
and 2 stations in trout ponds of a fish farm in Janowo (Fig. 
2B). A short characteristic of the stations from which 
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Table 1. Characteristics of wells and bore-holes of Omulewski Aquifer according to Niewolak [13] after Kochanska [7]. 
 

* - number of animals in brackets; 1 - carbonate-calcite-magnezite; 2 - carbonate-calcite; 3 - carbonate-chloride-calcite; 4 - carbon-ate-
calcite-sulphate. 

 

Fig. 2. Location of water sampling stations in Sawica and Omulew 
rivers (A) and in trout ponds of the Fish Farm in Janowo (B). 
1- sampling station in Sawica River 
2, 3, 4 - sampling stations in Omulew River 
5, 6 - sampling stations in fish ponds. 

underground water was collected is given in Table 1. Due 
to different development of particular areas and, thus, dif-
ferent degrees of possible pollution of well waters, 
4 groups of wells were distinguished: 

1. wells located on forested lands least exposed to an 
thropogenic pollution. These were wells in the villages 
Sedansk and Narty; they were treated as the control; 

2. wells located in lands used by farmers in Jedwabno 
and Kot villages; 

3. wells located in the area of animal farms: fox rearing 
farm   (Janowo),   cattle   farms   (Wesolowo,   Przezdziek, 
Baranowo, Wyzegi), and pig farms (Dzierzki, Wielbark). 

4. piezometric boreholes located at Wesolowo, in the 
area of a former cattle farm: 

No. 1 - close to cattle-sheds, in the quarter used as 
cattle-run as well as animal watering and additional feed-
ing; 

No. 2 - at a distance of 100 m, in a quarter formerly 
used (when there was a cattle farm there) to keep straw; 

No. 3. - outside former farm buildings, several metres 
from the place where mineral fertilizers used to be stored, 
at the edge of a wood. 

Sampling stations located in surface waters were as fol-
lows: 

No. 1 - in Sawica River at Janowo, close to the bridge 
and below water weir damming the river for the fish farm; 

No. 2 - in Omulew River at Kot, near the bridge; 
No. 3 - in Omulew River at Wesotowo, near the 

bridge; 
No. 4 - in Omulew River at Wielbark, near the bridge. 
Sampling stations located in the Fish Farm at Janowo 

were as follows: 
No. 1 - in the central trout pond; 
No. 2 - at water outlet from the farm to Sawica River. 
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Sampling Procedures 

Water samples from water wells and boreholes used for 
chemical and bacteriological analyses were collected from 
March 1995 to December 1997, once every three months. 
Water from the wells in Janowo, Sedarisk, Dzierzki, Narty, 
Przezdziek, Baranowo and Wyzegi was collected directly 
from the water collecting pipes of the hydrophore. Well 
water in Janowo, Kot, Wesolowo and Wielbark, where 
there was no possibility to collect samples directly from 
water supply pipes, was collected from user taps. Before 
each sampling taps and valves were disinfected, and water 
samples collected after 10-min pumping. As regards 
piezometric boreholes at Wesolowo, samples were col-
lected each time after pumping out 100 1 of stagnating 
water, using a manual water pump. 

Samples of river water were collected from the main 
stream of Sawica and Omulew rivers, from the depth of 
about 0.5 m. All samples of underground, river and pond 
water were collected to 300-500 ml sterile glass bottles 
(with ground glass stoppers). Water samples were then 
placed in containers with dry ice and transported to the 
laboratory in 4-6°C. Time lapse between sampling and 
chemical and bacteriological analyses never exceeded 12 
hours. A total of 160 samples of well and borehole water 
were collected and analyzed, plus 48 samples of river 
water and 8 samples of water from fish ponds. 

Meteorological Observations 

Meteorological observations comprised: 
1. air temperature; 
2. sum of atmospheric precipitation in the area of 

water-bearing formations of Omulewski aquifer. These 
data   were   collected   from   the   Department   of  Ag- 
rometeorology of the Warmia and Mazury University in 
Olsztyn. 

Chemical Analyses 

Chemical analyses comprised determination of the 
content of NH4-N, NO2-N and NO3-N in all water 
samples. Analyses were performed by the Department of 
Chemistry and Water and Sewage Technology of the War-
mia and Mazury University in Olsztyn. The methods used 
were those of Hermanowicz et al. [6] and as defined by 
Polish Standards [17, 18, 19]. The obtained levels of 
NH4-N, NO2-N and NO3-N in water samples collected 
from water wells and piezometric boreholes were related 
to the quality criteria for underground water as stated in 
the Report on environment quality in Olsztyn Region, An-
nex No. 1 of 1997 [20], and described in the Directive of 
the Minister of Health and Social Security of 4 May 1990 
pertaining to the quality of drinking water and water used 
for household purposes [22]. 

Bacteriological Analyses 

Bacteriological analyses comprised the following: 
1. Total counts (CFU/1 ml) of psychrophilic bacteria 

on broth agar after 72 h incubation at 20°C (TVC 20°C); 
2. Total counts (CFU/1 ml) of mesophilic bacteria on 

broth agar after 24 h incubation at 37°C (TVC 37°C); 
3. Total counts (MPN/100 ml) of coliforms (TC) on 

Eijkman medium after 48 h incubation at 37°C; 
4. Total counts (MPN/100 ml) of faecal coliforms (FC) 

on Eijkman medium after 24 h incubation at 44.5°C; 
5. Counts (MPN/100 ml) of faecal streptococci on 

Slanetz and Bartley medium after 72 h incubation at 37°C. 
These determinations were made in 5 (well water and 

water from piezometric boreholes) or 3 (river and pond 
water) parallel repetitions. Physiological NaCl solution 
was used as a diluent. TVC 20°C and TVC 37°C were 
determined according to the standard procedures used for 
drinking water. The most probable number (MPN/100 ml) 
of TC, FC and FS was determined according to Standard 
Methods... [1] and the results were read from McCrady's 
tables for 5 or 3-test tube sets [12]. Determinations con-
firming presence of TC, FC and FS were the same as in 
the previous study [13] on bacteriological quality of under-
ground waters of Omulewski Aquifer before liquidation of 
animal farms. The obtained results on the numbers of bac-
teria indicatory of pollution (TVC 20°C and TVC 37°C) 
and sanitary state (TC, FC and FS) of samples collected 
from water wells and boreholes were related to the stan-
dards outlined in the Directive of the Minister of Health 
and Social Security of 4 May 1990 [21] and by the WHO 
[25]. As regards river water, the results were related to the 
standards given in literature [2, 3] related to the quality of 
surface waters and their suitability for recreation, as stated 
in the Directive of the Minister of Environment Protec-
tion, Natural Resources and Forestry of 5 November 1991 
[21]. 

Statistical Analyses 

The results of chemical and bacteriological analyses of 
water collected from wells and piezometric boreholes 
located in Omulewski Aquifer was subject to statistical 
treatment performed in the Department of Applied 
Mathematics of the Warmia and Mazury University in Ol-
sztyn [16]. The objectives of statistical analyses were: 

1. to determine relationships between numbers of bac 
teria indicatory of pollution (TVC 20°C and TVC 37°C) 
and sanitary state (TC, FC, FS) on the one hand, and 
content of NH4-N and NO3-N on the other, using the 
co-variance method, at significance level a = 0.05; 

2. to determine the significance of differences between 
the mean numbers of bacteria indicatory of water pollu 
tion (TVC 20°C, TVC 37°C) and its sanitary state (TC, 
FC, FS) in water samples collected from particular groups 
of water-wells (control wells at Sedansk and Narty, wells 
located in farmlands used by individual farmers at Jed- 
wabno and Kot, wells in cattle farms  at Wesolowo, 
Przezdziek, Baranowo and Wyzegi and in pig farms at 
Dzierzki    and    Wielbark,    piezometric    boreholes    in 
Wesolowo) with the analysis of variance and Duncan's 
test, at significance level ex = 0.01 and a = 0.05. 

Due to the fact that some indicatory micro-organisms 
were often not found in the samples (n = 0), statistical 
numbers of bacteria used in the analyses were calculated 
from the equation: y = log(n+l), where n is the actual 
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Table 2. Concentrations of some nitrogen compounds (N-NH4, N-NO2, N-NO2) in well water in Janowo, Sedansk, Narty, Jedwabno and Kot, 
1995-1997. 

 

Table 3. Concentrations of some nitrogen compounds (N-NH4, N-NO2, N-NO3) in well water in Dzierzki, Wielbark, Przezdzi?k, Baranowo and 
Wyzegi, 1995-1997. 

 

Table 4. Concentrations of some nitrogen compounds (N-NH4, N-NO2, N-NO3) in well water and 3 bore-holes in Wesotowo, 1995-1997. 
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number of indicatory micro-organisms. Statistical analyses 
of relationships between bacteria indicatory of pollution 
(TVC 20°C, TVC 37°C) and sanitary state (TC, FC, FS) 
and nitrogen compounds did not comprise NO2-N levels 
due to lack of nitrites in most of the samples, or their 
sporadic presence in trace amounts. 

 
Results 

Air Temperature and Sum of Atmospheric 
Precipitation during Studies 

In 1995-1997 mean daily air temperatures ranged from 
-6.2°C in winter 1996 to 17.6°C in summer 1995. Sum of 
atmospheric precipitation in particular seasons ranged 

from 68 mm in winter 1996 to 241 mm in summer 1997, 
and the annual mean was from 444 mm in 1996 to 637 mm 
in 1995 (Figs. 3 and 4). 

Content  of Ammonia,  Nitrites  and Nitrates  in 
Water Collected from Water-Wells and Piezometric 

Boreholes in the Area of Omulewski Aquifer 

Contents of ammonia nitrogen, nitrites and nitrates in 
samples collected from water-wells and piezometric 
boreholes in the area of Omulewski Aquifer are presented 
in Tables 2-4. Ammonia nitrogen content ranged from un-
detectable levels (<0.001 mg/1 NH4-N) to 5.89 mg/1 NH4-N. 
Lower levels were usually found in well water at Sedahsk 

 
Fig. 3. Air temperature in the region of water-bearing formations of Omulewski Aquifer in 1995-1997. 

 

Fig. 4. Sum of atmospheric precipitation in the region of water-bearing formations of Omulewski Aquifer in 1995-1997; A - sum of 
atmospheric precipitation in calendar seasons, B - mean annual sum of precipitation. 
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and Narty (control wells), and in Jedwabno. Higher con-
tents were recorded in wells located in the area of the 
former cattle and pig farms, especially in Baranowo and 
Wyzegi. Most wells and boreholes in the area of 
Omulewski Aquifer did not contain nitrites. Nominal con-
centrations found in wells in Kot, Baranowo and Wyzegi 
did not exceed 0.117 mg/1 NO2-N. Nitrate levels ranged 
from undetectable amounts (<0.001 mg/1 NO3-N) in 
water-wells in Janowo and Wielbark, and in piezometric 
boreholes No. 2 and 3 in Wesolowo, to 9.22 mg/1 NO3-N in 
the well in Jedwabno. Lower levels were usually found in 
wells at Sedansk and Narty (control wells), and in 
piezometric boreholes in Wesotowo, slightly higher in 
Przezdziek and Baranowo, the highest - in the area of 
farmed land, in the villages Jedwabno and Kot. 

Compared to the data presented in Annex no. 1 (Re-
port on environment state in Olsztyn Region in 1995-1996, 
1997) [20], the majority of well-water samples in the area 
of   Omulewski   Aquifer   fulfilled    the   standards   of 

the highest water quality (la) and/or high quality (Ib) with 
respect to nitrite and nitrate contents. Also contents of 
NH4-N in most of the samples of group I (control wells in 
Sedansk and Narty), group II (wells located in farm lands 
used by individual farmers and group IV (piezometric 
boreholes in the region of the former cattle farm in 
Wesolowo) were low enough to qualify them into waters 
of the highest and high quality. Only samples collected 
from water-wells in Dzierzki, Wesolowo and Wyzegi con-
tained ammonia levels regarded by the mentioned report 
as characterizing polluted waters, beyond any class of pu-
rity (Fig. 5). The same is concluded comparing maximal 
permissible concentrations of NH4-N (0.5 mg/1) and 
NO3-N (10 mg/1) for drinking water and water used for 
hosehold purposes (Directive of the Minister of Health 
and Social Security of 4 May 1990 ... on the quality stan-
dards for drinking water and water used for household 
purposes; [22] (Fig. 6). 

  

 

Fig. 5. Percentage of water samples conforming to the standards 
for the classification of normal underground waters with respect 
to nitrogen compounds (in mg/1) as given in Annex no. 1 of the 
Report on environment quality in Olsztyn District in 1995-1997 
I - wells in group I in forested land (control) 
II - wells in group II in farm lands used by individual fanners 
III - wells in group HI in the area of commercial animal farms 
IV -  piezometric  boreholes  in  the  area  of cattle  farm  in 
Wesolowo. 

Fig. 6. Percentage of water samples conforming to the standards 
on NH4,-N and NO3-N content (mg/1) in drinking water and water 
used for household purposes, as stated in the Directive of the 
Minister of Health and Social Security [22] in particular groups of 
wells (piezometric boreholes) located in the area of Omulewski 
Aquifer in 1995-1997. I, II, III and IV - well and borehole groups 
as in Fig. 5. 
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Table 7. Percentage of water samples conforming to the standards for drinking water and farm needs as recommended by the Act of 
Ministry of Health and Social Security [22]a and WHO [25f. 

 

 

Numbers of Bacteria Indicatory of Pollution and 
Sanitary State Found in Well-Water and Water 

from Piezometric Boreholes in the Area of 
Omulewski Aquifer 

Tables 5 and 6 present the results pertaining to the 
counts of bacteria indicatory of pollution (TVC 20°C, 
TVC 37°C) and sanitary state (TC, FC, FS) in water col-
lected from wells and piezometric boreholes in the area of 
Omulewski Aquifer. Counts of TVC 20°C and TVC 37°C 
did not exceed, respectively, 38,000 CFU/1 ml of water 
from the well in Wyzegi (in June 1996) and 5,050 CFU/1 
ml of water from borehole No. 1 (in September 1996). The 
lowest numbers of these bacteria were found in spring and 
winter 1995 and 1996, in control wells in Sedansk and 
Narty, and water from wells located in farm lands in Jed-
wabno, while the highest numbers were observed in sum-
mer and autumn, in wells located in the area of the former 
animal farms in Wesolowo and Wyzegi, and in piezometric 
boreholes in the region of a former cattle farm in 
Wesolowo. Numbers of TC did not exceed 93 MPN/100 
ml in the well in Jedwabno (in March 1995) and in the 
wells in Baranowo and Narty (respectively in September 
1996 and 1997). Frequently these bacteria were not found 
at all. Their numbers in piezometric boreholes in 
Wesolowo did not exceed 18 MPN/100 ml (in autumn and 
winter 1995). FC counts reached maximally 24 MPN/100 
ml in well water at Jedwabno (spring 1996), but most fre-
quently these bacteria were not found at all. FS numbers 
did not exceed a few hundred MPN/100 ml; their lowest 
numbers were found in wells used by individual farmers in 
Jedwabno and Kot, the highest - in piezometric boreholes 
in the area of a former cattle farm in Wesolowo. Higher 

contamination with these bacteria in wells and boreholes 
was usually observed in spring 1996 and 1997. 

Numbers of Bacteria Indicatory of Pollution and 
Sanitary State Versus Sanitary and Bacteriological 
Standards for Drinking Water and Water Used for 

Household Purposes 

According to the Directive of the Minister of Health 
and Social Security of 4 May 1990 [22] water from local 
water-pipes, public water-wells, enterprise wells (these 
were the control wells in forested area at Sedansk and 
Narty, wells in farm lands in Jedwabno and Kot, and wells 
located in the areas of the former and still functioning 
animal farms: fox farm in Janowo, cattle farms in 
Wesolowo, Przezdziek, Baranowo and Wyzegi, pig farm in 
Dzierzki) should not contain any FC, while numbers of TC 
and TVC 37°C should not exceed, respectively,  
3 MPN/100 ml and 40 CFU/1 ml. The mentioned Direc-
tive also states that water from public water-works which is 
not disinfected should not contain more than 200 CFU of 
TVC 20°C/l ml. A rapid increase of these bacteria in 
drinking water and water used for household purposes 
reflects deterioration of water quality, which usually re-
quires some remedial measures. WHO [24] has estab-
lished the International Standards for Drinking Water, 
which state that TC numbers in non-disinfected water 
from individual wells used by small communities should 
not exceed 10 MPN/100 ml, and it should contain no FC 
(Escherichia coli) in 1 ml. Table 7 presents data showing to 
what extent the analyzed samples of well and borehole 
water    in    the    area    of    Omulewski    Aquifer    con- 
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formed to the WHO standards. As regards control wells in 
Sedansk and Narty (I group of wells), standards related to 
FC (<1MPN/100 ml), TC (<3 MPN/100 ml) and TVC 
37°C (<40 CFU/1 ml) were met in respectively 100%, 
67-75% and 75-83% of the samples. As regards wells 
located in farm lands used by individual farmers in Jed-
wabno and Kot (group II of wells), these standards were 
met by, respectively, 92%, 67-75% and 83% of samples. 
Samples collected from wells in the area of the former fox 
farm in Janowo, cattle farms in Wesofowo, Przezdziek, 
Baranowo and Wyzegi, and pig farm in Dzierzki, and still 
operating pig farm in Wielbark (group III of wells) met 
these standards in 58-100%, 17-67% and 67-92%, respect-
ively. As regards piezometric boreholes in the area of the 
former cattle farm in Wesolowo (IV group of wells), these 
criteria were met by, respectively, 92%, 17-50% and 
58-67% of the samples. WHO standards related to TC 
(<10 MPN/100 ml) were met by 75-83% of water samples 
collected from control wells in forested area in Sedansk 
and Narty (I group of wells), and in the area of farmed 
land in Jedwabno and Kot (II group of wells), by 42-100% 
of water samples collected in the area of animal farms 
(group III) and by 83% of the samples from piezometric 
boreholes in the region of the former cattle farm in 
Wesolowo (group IV). 

According to Lloyd and Bartram [10], who classified 
contamination of underground waters based on faecal 
coliforms (FC), data obtained in the course of our study 
for well waters collected in the area of Omulewski Aquifer 
and presented in Table 8, only control wells in forested 
land (group I of wells) in Sedansk and Narty, and wells in 
the area of the fox farm in Janowo (group III of wells), can 
be regarded as totally safe from a bacteriological point of 
view. These wells did not require any remedial measures. 
Single water samples collected from the wells in Jedwabno 
(group II of wells), Wielbark (group III), from piezometric 
boreholes in the area of the former cattle farm in 
Wesolowo (group IV), 1/3 of the samples collected from 
the wells in Przezdziek, Baranowo and Wyzegi, and almost 
half of the samples collected in Dzierzki (group III of 
wells) could be regarded as slightly risky for human and 
animal health. 

Statistical Analysis of the Data on the Numbers of 
Bacteria Indicatory of Pollution and Sanitary State 
and on Ammonia and Nitrate-Nitrogen Content in 
Well Waters and Water from Piezometric Boreholes 
in the Area of Omulewski Aquifer 

Statistical analysis of the obtained data showed that 
there was no significant relationship between numbers of 
bacteria indicatory of pollution (TVC 20°C, TVC 37°C) 
and sanitary state (TC, FC, FS) and NFL,-N and NO3-N 
content in the majority of samples collected in the region 
of Omulewsi Aquifer (Table 9). A positive relationship 
(α = 0.05) was found only between TVC 20°C and TVC 
37°C numbers and NH4-N and NO3-N levels, respectively, 
in June 1996, and March and June 1996 in water in each 
group of wells. The same relationship was found between 
TC, FC, and FS numbers and ammonia and nitrate levels, 
respectively, in December 1995 and March 1996, in March 
and June 1996, and in June 1996. 

Based on Duncan's test, highly significant differences 
were discovered (at α = 0.01; Table 10): 

1. as regards TVC 20°C numbers in water samples col 
lected from piezometric boreholes (group IV of wells) and 
in water of the other three groups of wells in March 1995; 

2. as regards TVC 20°C numbers in water collected 
from wells in group IV and III in March 1996 and 1997; 

3. in TVC 37°C numbers in water samples from the 
I groups of wells (control) and those from the other three 
groups of wells in December 1995; 

4. as regards TC numbers in water from the control 
wells (group I) and from group II wells (farm lands of 
individual farmers) in September 1997; 

5. between FS numbers in water from group IV of wells 
and their numbers in water of the other three well groups 
in March 1995; 

6. between FS numbers in water of group III wells and 
their numbers in group IV wells in December 1995; 

7. as regards FS numbers in water of group I wells and 
their numbers in water of group II and III in December 
1997. 

In all other cases presented in Table 10 there were no 
statistically significant differences in the numbers of bac-
teria indicatory of pollution (TVC 20°C, TVC 37°C) and 
sanitary state (TC, FC, FS) in water from particular wells, 
or the differences were of low significance (significance at 
the level α = 0.05). 

Numbers of Bacteria Indicatory of Water Pollution 
and Sanitary State in Rivers Sawica and Omulew, 

Flowing in the Area of Omulewski Aquifer 

Numbers of bacteria indicatory of pollution (TVC 
20°C, TVC 37°C) and sanitary state (TC, FC, FS) in water 
of the rivers Sawica and Omulew arc presented in Tables 
II and 12. Water samples collected from Sawica River in 
Janowo (station 1) contained from 90 to 3620 CFU of 
TVC 20°C/lml and from 0 to 580 CFU of TVC 37°C/1 ml. 
The lowest counts of these bacteria were observed in Sep 
tember and December 1996. Total counts of TC ranged 
from 9 to 2400 MPN/100 ml. Numbers of faecal coliforms 
(FC) and faecal streptococci (FS) did not exceed 460 and 
17,000 MPN/100 ml, respectively. Minimal and maximal 
contamination of river waters with these bacteria were 
recorded in different periods. FC:FS ratio was lower than 
0.7 in over 50% of the samples, ranged from 0.7 to 4.0 
in 35% of the samples, and was higher than 4.0 in 15% 
(Fig- 7). 

Numbers of TVC 20°C in Omulew River water ranged 
from 50 CFU/1 ml at station 2 in Kot (March 1997) to 
18,040 at station 3 in Wesotowo (March 1996). Usually 
these bacteria were less numerous at station 2 in Kot and 
station 3 in Wesolowo, and more numerous at station 4 in 
Wielbark. Numbers of TVC 37°C ranged from 5 CFU/1 
ml at station 3 in Wesolowo (December 1995) to 14,400 
CFU/1 ml at the same station in September 1996. TC 
numbers reached maximally 180,000 MPN/100 ml in the 
sample collected at station 2 in Kot in June 1997. Num-
bers of these bacteria in water samples collected at station 
3 in Wesolowo and station 4 in Wielbark did not exceed 
9,500 MPN/100 ml (September 1995) and 16,000 
MPN/100 ml (June 1997), respectively. Numbers of faecal 
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Fig. 7. Percentage of samples having FC:FS ratio in Sawica (A- in 
Janowo) and Omulew rivers (in: B- Kot, C - Wielbark and D-
Wesoiowo) in the area of water-bearing formations of Omulewski 
Aquifer in 1995-1997. 

coliforms (FC) reached maximally 25,000 MPN/100 ml in 
water collected at station 2 in Kot, 220 MPN/100 ml in 
water collected at station 3 in Wesotowo, and 1600 
MPN/100 ml in the sample collected at station 4 in Wiel-
bark. These bacteria were often not found at all. The high-
est contamination of Omulew River with these bacteria 
was observed in June 1996 and 1997 at station 2 in Kot. FS 
numbers reached maximally 180,000 MPN/100 ml in water 
collected at station 2 in Kot (June 1997). Water collected 
at station 3 in Wesotowo and station 4 in Wielbark never 
contained more than respectively 14,000 MPN/100 ml 
(March 1996) and 21,000 MPN/100 ml (June 1996) of 
these bacteria. FC:FS ratio was less than 0.7 in 50-75 % of 
water samples, ranged from 0.7 to 4.0 in 10-25 % of the 
samples, and was higher than 4.0 in 15-25 %, depending 
on sampling date and station (Fig. 7). 

Numbers of Indicatory Bacteria and Degree 
of Pollution and Suitability of Sawica and Omulew 

Rivers for Recreation 

Comparison of the data on the numbers of TVC 20°C, 
TVC 37°C and FC in river water with the standards pres-
ented by Cabejszek et al. [2] and given in Table 13 points 
to slight contamination of the majority of water samples 
from Sawica River. The same is true of most samples col-
lected in Omulew River. Only a few samples collected in 
latter river contained  these bacteria in  the  amounts 

Table 10. Significance of the differences between mean counts of bacteria indicatory of water pollution (TVC 20°C and TVC 37°C) and 
sanitary state (TC, FC, FS) in underground waters of particular well groups in the Omulewski Aquifer in 1995-1997, estimated using 
Duncan's test [16]. 
1, 2, 3, 4 - well group (piezometric bore-holes); a - highly significant differences at the level α = 0.01; b - significant differences at the level 
α = 0.05; c - differences not significant. 

 
1 - the total viable counts (CFU/1 cm3) on broth-agar at 20°C after 72 h incubation, 
2 - the total viable counts (CFU/1 cm3) on broth-agar at 37°C after 24 h incubation, 
3 - the number of total coliforms (MPN/100 cm3) on the Eijkman medium at 37°C after 48 h incubation, 
4 - the number of faecal coliforms (MPN/100 cm3) on the Eijkman medium at 44.5°C after 24 h incubation, 
5 - the number of faecal streptococci (MPN/100 cm3) on the Slanetz and Bartley medium at 37°C after 72 h incubation 
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sufficient to suggest some pollution. On the other hand, 
data on FC numbers in the two rivers (see Table 11) com-
pared to the standards given in the Directive of the Minis-
ter of Environment Protection, Natural Resources and 
Forestry of 5 November 1991 on water classification... [21] 

suggest that 66.7% of the samples from Sawica River and 
41.7-83.3% of those from Omulew River could be classi-
fied as class I water purity. As regards the latter river, the 
lowest percentage of samples classified into class I was 
collected in Wielbark, the highest - in Wesolowo. All 

Table 11. The number of indicatory microorganisms (TVC 20°C and TVC 37°C) in waters of the Sawica River in Janowo and the Omulew 
River in Kot, Wesolowo and Wielbark in the area of Omulewski Aquifer in 1995-1997. 

 
* - See Fig. 2 (A), 
1 - the total viable counts (CFU/1 cm3) on broth-agar at 20°C after 72 h incubation, 
2 - the total viable counts (CFU/1 cm3) on broth-agar at 37°C after 24 h incubation. 

Table 12. The number microorganisms indicatory of sanitary state (TC, FC, FS) in waters of the Sawica River in Janowo and the Omulew 
River in Kot, Wesolowo and Wielbark in the area of Omulewski Aquifer in 1995-1997. 

 
* - See Fig. 2 (A), 
1 - the number of total coliforms (MPN/100 cm3) on the Eijkman medium at 37°C after 48 h incubation, 
2 - the number of faecal coliforms (MPN/100 cm3) on the Eijkman medium at 44.5°C after 24 h incubation, 
3 - the number of faecal streptococci (MPN/100 cm3) on the Slanetz and Bartley medium at 37°C after 72 h incubation. 
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Table 13. The analysis of bacteriological water quality of the rivers Sawica (in Janowo) and Omulew (in Kot, Wesotowo and Wielbark), using 
criteria given by Cabejszek et al. [2]. 
A - unpolluted , B - insignificantly polluted, C - distinctly polluted, D - heavily polluted. Percent distribution of samples relevant to the 
given class. 

 

 

( )* - Number of samples investigated. 

other samples collected in Sawica River and in Omulew 
River in Wesolowo were classified as belonging to class II. 
All other samples collected in Kot and Wielbark belonged 
to class III. 

According to the data of the European Commission on 
Water Quality for Swimming [3] total numbers of TC, FC 
and FS in surface waters used for swimming and recre-
ation should not be higher than 500, 100 and 100 
MPN/100 ml respectively (these are guide values). It is 
however permissible to swim in water containing no more 
than 10,000 MPN of TC/100 ml and 2000 MPN/100 ml of 
FS in at least 95% of the samples collected (mandatory 
values), at total lack of Salmonella in 11 of water, and total 
lack of enteropathogenic viruses in 10 1 of water. Examin-
ations concentrated on the latter groups of pathogenic 
micro-organisms are necessary only in cases when there is 
a probability that they may occur in water. Mandatory 
values do not comprise examination of FS. Comparison of 
TC, FC and FS numbers in river water with the mentioned 
criteria for waters used for swimming reveals that only 
58.3% of the samples collected from Sawica River in 
Janowo conformed to the guide values given by EEC [3]. 
As regards Omulew River, these standards were met by 
only 50% of the samples collected in Kot, 41% of those 
collected in Wesolowo, and 16.7% of those collected in 
Wielbark. On the other hand, however, all samples con-
tained less than 10,000 MPN/100 ml of TC and less that 

2000 MPN/100 ml of FC, i.e. than the maximal values 
permitted by this Commission for waters used for swim-
ming (Table 14). 

Table 14. Analysis of bacteriological water quality of the rivers 
Sawica (in Janowo) and Omulew (in Kot, Wesolowo and Wiel-
bark, using criteria given by EEC [3]. Percentage of water samples 
relevant to the criteria for recreational water. 

 
* - see Fig. 2 (A), 
1 - number of total coliforms (MPN/100 cm3) on the Eijk- 

man medium at 37°C after 48 h incubation, 
2 - number   of   faecal   coliforms   (MPN/100   cm3)   on   the 

Eijkman medium at 44.5°C after 24 h incubation, 
3 - number   of  faecal   streptococci   (MPN/100   cm3)   on   the 

Slanetz and Bartley medium at 37°C after 72 h incubation. 
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Table 15. Number of bacteria indicatory of pollution (TVC 20°C, TVC 37°C) and sanitary state (TC, FC, FS) in the waters of the Fishery 
Enterprise (water collected from fish ponds and their outflow to the Sawica River) in 1997 in Janowo; in the area of Omulewski Aquifer. 

 

* - see Fig. 2 (B) 
1 - the total viable counts (CFU/1 cm3) on broth-agar at 20°C after 72 h incubation, 
2 - the total viable counts (CFU/1 cm3) on broth-agar at 37°C after 24 h incubation, 
3 - the number of total coliforms (MPN/100 cm3) on the Eijkman medium at 37°C after 48 h incubation, 
4 - the number of faecal coliforms (MPN/100 cm3) on the Eijkman medium at 44.5°C after 24 h incubation, 
5 - the number of faecal streptococci (MPN/100 cm3) on the Slanetz and Bartley medium at 37°C after 72 h incubation 

Numbers of Bacteria Indicatory of Pollution and 
Sanitary State in Trout Ponds of the Fish Farm in 

Janowo 

Water collected from trout ponds of the Fish Farm in 
Janowo, fed by Sawica River waters, at the inlet to the 
ponds contained from 900 to 1160 CFU/1 ml of TVC 
20°C, and from 11 to 770 CFU/1 ml of TVC 37°C. Num-
bers of TC, FC and FS amounted, respectively, to: 
140-1000 MPN/lOOml, 10-150 MPN/100 ml and 45-6000 
MPN/100ml. Effluent from trout ponds to Sawica River 
contained 1120-5140 CFU/lml of TVC 20°C and 50-800 
CFU/1 ml of TVC 37°C. Numbers of TC, FC and FS were 
respectively: 240-2000 MPN/100 ml, 20-150 MPN/100 ml 
and 45-18,000 MPN/100 ml. All samples collected in trout 
ponds conformed to the tentative guide values (no more 
than 103 MPN/100 ml FC) given by WHO [26] for fish 
ponds (Table 15). 

Discussion 

The same levels of ammonia, nitrites and nitrates in 
water collected from control wells (group I of wells) in 
Sedansk and Narty, and from wells located in farm lands 
used by individual farmers (group II of wells) in Jedwabno 
and Kot as those recorded in 1989-1993 are due to the fact 
that the wells in question are either situated in forested 
area (group I), or in areas where nothing changed as re-
gards land use (group II) [8]. More or less pronounced 
decrease of ammonia levels in water of wells located in the 
area of the former cattle farms in Wesolowo, PrzezdzieX 
Baranowo and Wyzegi, and the former pig farm in 
Dzierzki (group III of wells) compared to its levels in 
1989-1993 [8] can be related to an improvement of oxygen 
conditions, caused by the decrease of organic load in 
underground waters, which must have favoured nitrifica-
tion processes. A decrease of ammonia levels in water col-
lected from piezometric boreholes (group IV) compared 
to its levels found in 1989-1993 is probably related to the 

liquidation of cattle farm in Wesolowo. There was also 
a noticeable change in organoleptic properties of water; it 
changed from dirty, muddy and yellowish to clear, with no 
noticeable odor. Lack of more pronounced differences in 
ammonia levels in well water in Wielbark might have been 
caused by the continuous operation of a commercial pig 
farm. 

Water-bearing formations of Omulewski Aquifer are 
located fairly close to the land surface and are not isolated 
from it [24]. This, as well as intensive farming and animal 
breeding operations which used to dominate the area [7], 
still affect sanitary and bacteriological states of under-
ground waters of this hydrological unit. Relatively higher 
numbers of TVC 20°C and TVC 37°C found in the control 
well in Narty in December 1996, June, September and 
December 1997 (in the last 2 months coupled with an 
increase of TC and FS) was probably due to a change (due 
to technical reasons) of sampling station location (water 
was collected from a user's tap instead of directly from the 
well, as had been done before). Re-opening of the fox 
farm in Janowo was probably the reason for an increase of 
TC numbers above the maximal limit permissible for 
drinking and household water, as well as for the increase 
of FS, an index of water pollution by animals, observed in 
well water in nearby Sedansk. The increase of TC and FS 
numbers in this well in autumn and winter 1997 was ac-
companied by an increase of ammonia nitrogen content. 
Higher levels of ammonia and nitrates were also coupled 
with higher numbers of TC and FS in water collected from 
the wells located in the area of the former animal farms in 
Wesolowo, Przezdziek, Baranowo and Wyzegi. Also Gos-
selin et al. [5] observed an increase of faecal coliforms 
(FC) in the presence of NO3-N. Higher numbers of TVC 
20°C, TVC 37°C and FS (but not FC) in the presence of 
higher ammonia levels were also observed in water col-
lected from piezometric boreholes located in the area of 
the former cattle farm in Wesolowo. The hygienic and 
sanitary state of underground waters in the latter two 
groups of wells seems to reflect the former existence of 
large cattle and pig farms in this area, which operated until 
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1992/1993. According to Geldreich and Kenner [4] domi-
nation of FS and FC in water reflects pollution the by 
animal faeces. On the other hand, however, the farms in 
question had been liquidated already 2-4 years previously, 
and this seems a too long period for these micro-organ-
isms to be still present in underground waters of 
Omulewski Aquifer. It is known from literature [11] that 
enteric bacteria of humans and animals are unable to live 
long in a natural aquatic environment, and if they reach 
underground waters they can survive no more than several 
months [14]. 

Omulewski Aquifer is fed by infiltration. This, coupled 
with its geological structure and shallow level of water-
bearing formations, with in isolation from the surface, as 
well as with the fact that maximal numbers of TVC 
20°C, TVC 37°C, TC and FS were recorded in the 
periods when their numbers reached maximal levels also 
in Sawica and Omulew rivers suggest that the mentioned 
bacteria passed from surface to the nearest underground 
waters. Often, maximal numbers of these bacteria in 
Janowo well were also found in the same period in which 
they reached higher levels in Sawica River. Similar rela-
tions were observed also between numbers of these bac-
teria in wells in Kot, Wesotowo and Wielbark, and their 
numbers in Omulew River which flows from a few to at 
most a few hundred metres from these wells. Sometimes 
higher numbers of these bacteria in well waters were re-
corded a little later than in river waters, this being due to 
geological conditions in the area. The possibility of a hori-
zontal transfer of pollution and accompanying bacteria re-
flecting sanitary state has also been suggested by Paul et 
al. [15] and Spandowska et al. [23]. Fortunately, both Saw-
ica and Omulew carry waters of satisfactory quality; the 
most polluted stretch of Omulew River in Wielbark can be 
classified as slightly polluted, and only 1/6-1/4 of water 
samples collected at this station belonged to noticeably 
polluted. A direct effect of trout ponds in Janowo on the 
state of underground waters in this area is practically im-
possible as the bonds are made of concrete. Moreover, 
TC, FC and FS numbers in water discharged from these 
ponds to Sawica River, which reached maximal values in 
September 1997, were very similar to their numbers re-
corded at station No. 2, located some 100 m above the 
ponds, and it did not correlate with these numbers found 
in a nearby well at the fox farm in Janowo. 

Conclusions 

1. Liquidation    of   commercial   cattle    farms   in 
Wesoiowo, Przezdziek, Baranowo and Wyzegi, and of the 
commercial pig farm in Dzierzki was reflected in lower 
levels of ammonia in underground waters (water wells and 
piezometric boreholes), and higher content of nitrates, 
probably related to improved oxygen conditions and inten 
sifying nitrification processes at decreased loads of organic 
matter. Nevertheless, this level was still higher than maxi 
mal permissible values for drinking water and water used 
for household purposes. 

2. Contrary to underground waters located in the area 
of commercial animal farms, underground waters in wells 
located in forested regions (control wells) in Sedansk and 
Narty, and in farm lands used by individual farmers in 

Jedwabno and Kot contained ammonia and nitrates in 
amounts classifying these waters as of high quality, permis-
sible for drinking. 

3. There was no noticeable improvement of bacterio 
logical quality of underground waters in the  area of 
Omulewski Aquifer after liquidation of commercial cattle 
and pig farms. This suggests that their "restoration" may 
take more time, and that it might be necessary to under 
take some measures aimed at restoration of surface land 
in this area. 

4. The facts that Omulewski Aquifer is fed by infiltra 
tion, has no isolation from the surface, and is character 
ized by shallow placing of water-bearing formations make 
it possible for river pollutants present to pass into the 
underground  waters.  This  is  suggested,  among  other 
things, by maximal numbers of the analyzed indicatory 
bacteria found in wells located in Kot, Wesoiowo, and 
Wielbark in the same periods when their numbers in 
creased also in Omulew River. 

5. Numbers of bacteria indicatory of water pollution 
(TVC 20°C, TVC 37°C) and its sanitary state (TC, FC, FS) 
in Sawica River were usually typical of slightly polluted 
waters (class II of purity); the discharge from trout ponds 
had no greater effect on water quality in this river, and it 
probably did not affect quality of underground waters 
either. Higher numbers of the mentioned indicatory bac 
teria in Omulew River, especially in Wielbark, are due to 
pollution leaking from houses and farm buildings in Kot, 
Wesoiowo and Wielbark, as well as run-off from the ar 
able-forest-pasture-meadow catchment basin. 

6. The dominating position of faecal coliforms (FC) 
among the bacteria indicatory of sanitary state in wells and 
piezometric boreholes, and in Sawica and Omulew rivers 
in the area of Omulewski Aquifer suggests the role of 
animal faeces on water quality. These bacteria may orig 
inate from faecal contamination accumulated during oper 
ation of the animal farms, as well as from wild animals and 
aerial   run-offs  from  the  arable-forest-pasture-meadow 
catchment basin. 
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