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Abstract 

This paper comprises the results of examinations of the number of indicatory bacteria of pollution 
degree (TVC 20°C, TVC 37°C) and sanitary state (TC, FC, FS) in the water of the Kamionka, Maniowka, 
Wiatrotuza and Piertanka Rivers in the north area of Wigry National Park in 1996 and the number of these 
microorganisms taken to Wigry Lake. The investigations were carried out at 3 sites situated on the 
Kamionka River (in Okuniowiec, below a group of "hucianskie" lakes, before the tributary to Pierty Lake), 
at 2 sites situated on the Maniowka River (in Lipniak and before the mouth to the Wiatrotuza River), at 
5 sites on the Wiatrotuza River (in Wiatrotuza, above and below the estuary of the Maniowka River, at the 
mouth to Krolowek Lake, between Krolowek Lake and Pierty Lake) and at 1 site situated on the Piertanka 
River (between Omutowek Lake and Wigry Lake). The obtained values of bacteriological indices of pollu-
tion degree and sanitary state were compared with the criteria of surface water purity estimation suggested 
in literature and their usefulness for recreation. The number of the examined indicator bacteria found in the 
present research shows significant water pollution (II and III class of purity) of the examined rivers in the 
region of rural areas and the improvement of purity degree along the river course. There were found 
leakages of pollution from cesspools in the rural areas (demonstrated by a significant number of FC in water 
of given sites) and flows from other arable-forestry-pasture-meadow catchment (which is expressed by 
a larger number of Streptococci than Escherichia coli) as a main source of water pollution of the examined 
rivers. 
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Introduction 

The Czarna Haricza River and the Wiatroluza River 
influence the pollution of Wigry Lake situated in Wigry 
National Park. Wigry Lake as well as the Czarna Hancza 
River were examined taking into consideration 
physico-chemical [2, 3, 17] and bacteriological aspects 
[9-14, 16]. There is a lack of data concerning the degree 
of pollution and sanitary-bacteriological state of the 
Wiatroluza River and its indirect tributaries (the 
Kamionka River) and direct tributaries (the Maniowka 
River) and the range of bacteriological pollution carried 
by the river into Wigry Lake. Knowledge about these 
problems is importance while planning reclamative ac-
tions and from the point of view of public health of 

people inhabit ing the area of  the catchment of  
this river. Sailing clubs, camping sites and bathing areas 
are found in the region of the effluent of the Wiatroluza 
River to Wigry Lake. These places are visited by many 
foreign and Polish tourists in summer. Therefore, the 
subject of this paper is the estimation of the degree of 
bacteriological pollution and sanitary state of this river 
and its utilization for recreation. 

Materials and Methods 

The Area of Research 

The research was carried out in the north part of 
Wigry National Park, from May to November 1996. The 



 

 

examination comprised waters from the Kamionka, 
Maniowka, Wiatroluza and Piertanka Rivers. The 
Kamionka River is the second largest one (after the 
Czarna Hancza River) in the Wigry National Park. Its 
spring is situated in Szwajcaria (a small village towards 
the northeast of Suwalki) in a forested and swampy area. 
It is a shallow watercourse, in the upper part resembling 
a drainage ditch, supplied by streams and numerous 
springs situated along a valley and on the slopes of 
Krzywe Lake basin. In the middle course it flows across 
Dabrowka, Krzywe, Czarne and Kolesne Lakes (so called 
Huciaiiskie lakes), then across forested areas with a bea-
ver reserve. In the final part (near Leszczewo) it flows 
into Pierty Lake, the second largest lake (after Wigry) in 
Park. The total area of the Kamionka River is 99.4 km2. 
In the north of the Kamionka River having its spring in 
Debowo. In the upper part of this river there are numer-
ous drainage ditches, meadows and little ponds; in the 
lower course the river flows across the forested areas and 
another reserve of beavers, where it flows to the 
Wiatroluza River. The Wiatrofuza River collects water 
from a few springs in numerous lowerings to the north of 
Wiatrotuza. Near Kaletnik the parts combine in one 
stream which flows to Pierty Lake. After connecting with 
the Maniowka River it flows across numerous peatbogs 
and swamps inhabited by beavers in a protected reserve. 
It is supplied by water from drainage ditches. In its lower 
course it flows across Krolowek Lake, from where it flows 
to Pierty Lake. From Pierty Lake in the southern part it 
flows across Omulowek Lake and then to Wigry Lake in 
the region of Zadworze Bay. The total area of the catch-
ment of the Wiatroluza River is 176.5 km2. In a wide 
swampy valley of the Wiatroluza River there are frag-
ments of mixed forests and dry-ground forests, fragments 
of low peatbogs and beavers which damm the water in 
this river. The Piertanka River is a short stream connect-
ing Omulowek Lake with Wigry Lake. 

Experimental Sites 

There were 11 sites situated at a certain distance from 
one another taking into account technical possibilities of 
water sampling on the rivers and carrying out sanitary-
bacteriological analysis within several hours from the 
moment of first sampling (1). They were: 
a. on the Kamionka River: 

site 1 - in Okuniowiec; 
site 2 - below Kolesne Lake; 
site 3 - about 100 m below the mouth to Pierty Lake. 

b. on the Maniowka River: 
site 4 - in Lipniak; 
site  5   -  about   50   m  before   the   mouth   to   the 
Wiatroluza River. 

c. on the Wiatroluza River: 
site 6 - in Wiatroluza village; 
site   7  -  about   100  m  above  the   mouth   of the 
Maniowka River; 
site 8 - by the bridge on the road from Lipniak to 
Piotrowa Dabrowa; 
site 9 - in Krolowek Lake about 50 m from the efflu-
ent of the Wiatroluza River; 

site 10 - between Krolowek Lake and Pierty Lake, d. on 
the Piertanka River: 

site 11 - between Omulowek Lake and Wigry Lake, 
by the bridge on the road Suwalki-Sejny. 
A situational outline of the examined rivers and 

chosen sites were given in Fig. 1. 

 

Fig. 1. Situational sketch of rivers Kamionka, Maniowka, 
Wiatroluza and Piertanka in the region of Wigry National Park 
1, 2, 3 . . .  11 - sites for collecting water samples. 

Sampling 

The samples of river water were taken from a current 
and a surface layer by a special extensive arm where 
a sterile glass bottle was attached. The bottle had 300 ml 
capacity and a ground cork. Immediately after the samp-
ling the water samples were carried to containers with 
dry ice to maintain the temperature 4-6"C for 24 h. The 
time from sampling to carrying out sanitary-bacteriologi-
cal analysis did not exceed 18 h. The examinations were 
carried out at least at 1 month intervals from May to 
November 1996. 

Microbiological Examinations 

Microbiological examinations of the water samples 
taken from the rivers comprised the following determina-
tions: 

1. the   total  number  (CFU/1   ml)   of bacteria  on 
broth-agar after 72 h incubation at 20°C (TVC 20°C); 

2. the total number (CFU/1 ml) of bacteria on broth 
agar after 24 h incubation at 37°C (TVC 37°C); 

3. the total number (MPN/100 ml) of coliforms (TC) 
on the Eijkman medium after 48 h incubation at 37°C; 

4. the number (MPN/100 ml) of faecal coliforms (FC) 
on the Eijkman medium after 24 h incubation at 44.5°C; 
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5. the number (MPN/100 ml) of faecal streptococci 
(FS) on the Slanetz and Bartley medium with sodium 
azide and crystal violet after 72 h incubation at 37°C. 

The total number of TVC 20°C and TVC 37°C was 
determined according to the accepted bacteriological 
technique for the investigation of drinking water. The 
most probable number (MPN) of TC, FC, FS was deter-
mined according to the Standard Methods [1]. All deter-
minations were carried out in 3 parallel repetitions. The 
results of the investigation of TC, FC, FS numbers were 
read from McCrady's tables. A physiological solution of 
NaCl was used for sample dilutions. Positive results for 
the presence of coliforms in the fermentation test on the 
Eijkman medium were checked on the Endo medium, on 
the lauryl-tryptose broth, and in biologicals stained with 
Gram method. Positive results for the presence of strep-
tococci in the Slanetz and Bartley medium were checked 
on the m-Enterococcus Agar. Typical colonies which 
grew on this medium were dark red and they were graf-
ted into the broth determining growth ability at 44.5°C, at 
pH 9.6, with the presence of 6.5% NaCl and in milk with 
0.01% methylene blue. Dry media produced by Difco 
and Merck were used in the research. The obtained 
values of bacteriological indicators of pollution degree 
(TVC 20°C, TVC 37°C) and sanitary state (TC, FC, FS) 
of the examined samples of river water were referred to 
the criteria suggested in literature [4, 5] concerning the 
estimation of degree of surface purity and their utiliz-
ation for recreation and the Decree of the Ministry of 
Environmental Protection, Natural Resources and For-
estry dated 5th November 1991 about water classification 
[15]. 

Results 

Number of Indicatory Bacteria of Pollution 
Degree and Sanitary State in Water of Rivers 

in the North Areas of Wigry National Park 

The Kamionka River 

In water of the Kamionka River the number TVC 
20°C ranged from several dozen to a few thousand 
CFU/1 ml. Generally fewer were found in water at site 
2 situated below Kolesne Lake (70-2070 CFU/1 ml), 
more in water at site 1 in Okuniowiec (350-2700 CFU/1 
ml) and at site 3 near Leszczewo before the mouth to 
Pierty Lake (650-4400 CFU/1 ml). In the research season 
the fewest number of these bacteria was found in Novem-
ber (70-650 CFU/1 ml), the largest amount was observed 
in August (2070-4400 CFU/1 ml). The number TVC 37°C 
was generally lower in water at site 1 in Okuniowiec 
(40-700 CFU/1 ml), higher at site 3 in the region of Les-
zczewo (25-3150 CFU/1 ml). In the research season the 
lowest pollution of water by these bacteria was found in 
November (at all 3 sites) and in September (at sites 1 and 
2), the highest one was observed in August (at all 3 sites) 
and in July (at site 3). The ratio of TVC 20°C: TVC 37°C 
ranged from 0.4 in July at site 2 up to 47.6 in September 
at site 1 (Table 1). The total number of coliforms (TC) 
ranged from < 3 in November at sites 1 and 2 up to 
15,000-110,000 MPN/100 ml in August at all 3 sites. On 

average in the research season lower pollution was found 
at site 1 (3475 and 7750 MPN/100 ml, respectively), higher 
at site 3 (18600 CFU/100 ml). The number of faecal 
coliforms (FC) ranged from < 3 in August and November 
at all 3 sites up to 150, 240 and 93 MPN/100 ml in May at 
sites 1, 2 and 3. Their mean number in the research sea-
son was almost the same in water at all 3 sites and 
reached 41-48 MPN/100 ml. The number of faecal strep-
tococci (FS) ranged from 43-93 MPN/100 ml in July at all 
3 sites up to 140,000 MPN/100 ml in October at sites 
1 and 2 and 150,000 MPN/100 ml in August and Septem-
ber at site 3. On the average lower number in the re-
search season was found in water at site 3 (7160 
MPN/100 ml), more in water at sites 1 and 2 (32,000 
i 38,350 MPN/100 ml, respectively) (Table 2). The ratio 
FC:FS ranged from 0.00002 and 0.00004 (at sites 1 and 2, 
respectively) in October up to 0.4 (at sites 1 and 3) in July 
(Table 3). 

The Maniowka River 

In water of the Maniowka River TVC 20"C ranged 
from 200 up to 17,000 CFU/1 ml depending on the site 
and the date of sampling. Generally, lower quantities 
were found at site 5 before the mouth to the Wiatroluza 
River (200-17,000 CFU/1 ml), more in water at site 4 in 
Lipniak (1025-36,900 CFU/1 ml). In the research season 
the lowest number was observed in August at site 4 and 
in November at site 5 (1025 and 200 CFU/1 ml, respect-
ively), the highest quantities were observed in September 
at site 4 in Lipniak (36900 CFU/1 ml) and in July at site 
5 at the mouth to the Wiatroluza River (17,000 CFU/1 
ml). The number TVC 37°C ranged from 245 to 17,880 
CFU/1 ml in water at site 4 in Lipniak and from 115 to 
2990 CFU/1 ml in water at site 5 at the mouth to the 
Wiatroluza River. In the research season the lowest pol-
lution of water was found at site 4 in September and 
November (245 and 265 CFU/1 ml, respectively), at site 
5 in November (115 CFU/1 ml), the highest at site 4 in 
July (17,880 CFU/1 ml) and at site 5 in August (2990 
CFU/1 ml). The ratio TVC 20°C: TVC 37°C ranged from 
0.8 to 150.6 in water at site 4 and 1.7 to 65.7 at site 
5 (Table 1). The number of total coliforms (TC) ranged 
from < 3 in August at both sites and in November at site 
5 to 15,000 MPN/100 ml in water at both sites in August. 
Their mean number in the research season was 3190 
MPN/100 ml at site 4 and 3045 MPN/100 ml at site 5. The 
number of faecal coliforms (FC) ranged from < 3 in 
water at both sites in August and at site 5 in November to 
1400 MPN/100 ml at site 4 and 460 MPN/100 ml at site 
5 in May. Their mean number in the research season was 
80 MPN/100 ml at site 5 and 835 MPN/100 ml at site 4. 
The number of faecal Streptococci ranged from 1100 
MPN/100 ml in July to 140,000 MPN/100 ml in October 
at site 4 and from 150 MPN/100 ml in November to 
30,000 MPN/100 ml in September at site 5. On the aver-
age in the research season a lower number was found at 
site 5  (9980 MPN/100 ml),  a higher number at  site 
4 (24,585 MPN/100 ml) (Table 2). The ratio FC:FS 
ranged from 0.0002 and 0.0004 in October to 0.4 and 1.0 
in July at sites 4 and 5, respectively (Table 3). 
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Table 3. FC:FS ratio in the water of rivers Kamionka, Maniowka, Wiatrohiza and Piertanka in the area of Wigry National Park in 1996. 
 

 

The Wiatroluza River 

In the Wiatroluza River TVC 20°C ranged from 120 
to 12,100 CFU/1 ml depending on the site and the date of 
sampling. Their minimum and maximum number at 
every 5 examined sites (sites 6-10) was different at differ-
ent seasons and without regularity. On the average in the 
research season their lowest number was found at site 
7 above the effluent of the Maniowka River (850 CFU/1 
ml), the highest number was at site 6 in Wiatroluza vill-
age (4450 CFU/1 ml). The number of TVC 37°C ranged 
from 8-10 CFU/1 ml at sites 9 and 10 at the mouth to 
Krolowek Lake and between Krolowek Lake and Pierty 
Lake up to 2620 CFU/1 ml at site 7 above the effluent of 
the Maniowka River in September. On average in the 
research season their lowest number was at site 8 by the 
bridge on the road connecting Lipniak and Piotrowa 
Gora (175 CFU/1 ml), whereas the highest number was 
at site 7 above the effluent of the Maniowka River (735 
CFU/1 ml). In the research season the lowest number 
was found at site 6 in November (175 CFU/1 ml), at sites 
7 and 8 in August (35 and 90 CFU/1 ml, respectively) and 
in October (93 and 90 CFU/1 ml, respectively), at sites 
9 and 10 in September (8 and 10 CFU/1 ml, respectively), 
the highest number was observed at sites 6 and 7 in Sep 
tember (1080 and 2620 CFU/1 ml, respectively), at site 
8 in May (355 CFU/1 ml), at sites 9 and 10 in August (780 
and   1155   CFU/1   ml,   respectively)  The   ratio  TVC 
20°C:TVC 37°C ranged from 0.3 and 0.8, respectively in 
water at sites 9 and 10 in July and 0.4 at site 7 in Septem 
ber up to 39.0 at site 10 in November (Table 1). The 
number   of  total   coliforms   (TC)   ranged   from   few 
MPN/100 ml at different sites in different research sea 
son up to 11,000 MPN/100 ml at site 6 in May. On aver 
age the lowest numbers were at sites 9 and 10 (240 and 
125 MPN/100 ml, respectively), the highest at sites 6 and 
7 (2920 and 2085 MPN/100 ml, respectively). At all sites, 
generally, the lowest in July and November, the highest 
in May and August. The number of faecal coliforms (FC) 
ranged from < 3 at all sites in August to 1400 MPN/100 
ml at site 6 in May. On average the lowest number was at 
sites 9 and 10 (5 and 28 MPN/100 ml, respectively), the 
highest at site 6 (355 MPN/100 ml). The highest number 
was in May at all sites. The number of faecal streptococci 

(FS) ranged from 11 and 15 (at sites 7 and 9 in July, 
respectively) up to 140,000 MPN/100 ml (at site 7 in Oc-
tober). On the average the lowest number was at site 
8 (4750 MPN/100 ml), the highest number at site 7 and 
10 (28,750 and 34,280 MPN/100 ml, respectively). In the 
research season the lowest number was found at all sites 
in July (11-150 MPN/100 ml), the highest number was in 
October (4500-140,000 MPN/100 ml). The same number 
was found at site 10 in November (140,000 MPN/100 ml) 
(Table 2). The ratio FC:FS ranged from 0.00002 at site 
5 in October to 4.0 at site 7 in July (Table 3). 

The Piertanka River 

In the Piertanka River the number TVC 20°C and 
TVC 37°C ranged from 120 to 2025 CFU/1 ml, respect-
ively and from 13 to 525 CFU/1 ml. The lowest number 
was found in September, the highest number in July and 
August. The ratio TVC 20°C:TVC 37°C ranged from 2.1 
in July and 2.0 in November to 30.7 in September (Table 
1). The number of total coliforms (TC), the number of 
faecal coliforms (FC) and the number of faecal strepto-
cocci (FS) ranged from < 3 to 93; < 3 to 23 and from 93 to 
140,000 MPN/100 ml, respectively. The lowest pollution 
was found in November, the highest one was observed in 
May and June (TC), in May and October (FC) or in 
August and September (FS) (Table 2). The ratio FC.FS 
ranged from 0.0008 to 0.009 (Table 3). 

The Number of Indicatory Bacteria and Degree 
of Water Pollution of the Rivers in Northern Area 

of Wigry National Park 

The comparison of the results of number TVC 20°C, 
TVC 37°C and faecal coli titre (FC) in the water of the 
Kamionka River at all 3 sites with criteria of surface 
water purity given by Cabejszek et al. [4] and presented 
in Table 4 shows its pure character or little pollution. 
Only single water samples contained TVC 37°C showing 
significant pollution. According to the same criteria of 

295Bacteriological Monitoring of ... 



 

Table 4. The analysis of bacteriological water quality of the rivers Kamionka, Maniowka, Wiaroluza and Piertanka in the area of Wigry 
National Park using criteria given by Cabejszek et al. [5], A - unpolluted; B - insignificantly polluted; C - distinctly polluted; D - heavily 
polluted. 

 

 

estimation the water of the Maniowka River can be in-
cluded in pure and insignificantly polluted, depending on 
the site and the water used for the estimation of a group 
of indicatory bacteria. The water of the Wiatroluza River 
at all sites showed a character of pure or insignificantly 
polluted water; at site 6 in Wiatroluza - significant or 
even heavy pollution depending on the research period. 
The water in the Piertanka River is shown to be pure or 
insignificantly polluted. Comparing the values of faecal 
coli titre (FC) for water of the examined rivers (data 
concerning the values of faecal coli titre are found at the 
author of this paper) with the data included in the De-
cree of the Minister of Environment Protection, Natural 
Resources and Forestry dated on 5th November 1991 con-
cerning the water classification (15) 67-83% water 
samples of the Kamionka River, 50-67% of the 
Maniowka River, 17% of the Wiatrotuza River at site 
6 in Wiatroluza village and 83-100% of water samples of 
this river at sites 8-10 and 83% of the Piertanka River can 
be included in class I purity. All the remaing samples of 
the Kamionka River, 17-33% of the samples taken from 
the Maniowka River, 67% of samples of the Wiatroluza 
River at site 6 in Wiatroluza village, and 17 % of samples 
at sites 7-10 of this river and 17% of samples from the 
Piertanka River at site 11 are included in purity class II. 
Class III of purity comprises 33% of samples taken from 
the Maniowka River at site 4 in Lipniak and 16% of the 
Wiatroluza River in Wiatroluza village (Table 4). 

The Number of Indicatory Bacteria of Sanitary 
State and Requirements for Water for 

Recreational Purposes 

According to data from the European Commission 
for Water Quality for Recreational Purposes [5] the 
number of total coliforms (TC), the number of faecal 

coliforms (FC) and the number of faecal streptococci 
(FS) in water for bathing purposes outdoors should not 
exceed 500, 100 and 100 MPN/100 ml (Guide values), 
recpectively. However, the numbers of TC and FC not 
exceeding 10,000 and 2000 MPN/100 ml, recpectively in 
at least 95% of the examined samples (Mandatory 
values) at a complete lack of Salmonella in 1 1 water and 
enteropathogenic viruses in 10 1 water. The examination 
for the presence of the last groups of microorganisms is 
required only in the case when there is suspicion of a pos-
sibility of their occurrence in water. Mandatory values do 
not take into account the examination for the presence of 
FS. Guide values in the Kamionka River were fulfilled at 
site 1 (in Okuniowiec) by 50; 83 and 17% of the exam-
ined water samples, respectively; at site 2 (below Kolesne 
Lake) 83; 83 and 17% of the examined water samples; at 
site 3 (before the mouth to Pierty Lake) 67; 100 and 17% 
of the examined water samples. In the Maniowka River 
at site 4 (in Lipniak) the requirements were fulfilled by 
33; 33 and 0%, respectively of the examined water 
samples; at site 5 (before the mouth to the Wiatroluza 
River) by 50; 33 and 0% of the examined water samples. 
The percent of water samples fulfilling requirements of 
Guide values increased with the course of the river and at 
site 10 between Krolowek Lake and Pierty Lake was 100; 
83 and 17%, respectively. In the Piertanka River at site 
11 between Omulowek and Wigry Lakes it was 100;100 
and 17%, respectively. Mandatory values requirements 
were fulfilled in the Kamionka and Maniowka rivers and 
Wiatroluza River at site 6 in Wiatroluza village by 83% 
samples, at sites 7-10 of the last river and the Piertanka 
River by 100% samples (Table 5). According to EEC 
Guidelines [5] waters of class I purity containing not 
more than 100 MPN/100 ml FC, which corresponds to 
faecal coli titre 1 and above [15] are recommended for 
bathing purposes. 
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Table 5. The analysis of water quality of the rivers Kamionka, Maniowka, Wiatrotuza and Piertanka in the area of Wigry National Park 
using criteria given by EEC [6]. Percent distribution of samples fulfilling guide and mandatory values for bathing water. 

 

1 - See Figure 1 
2 - S - Salmonella/1 1; E - Enteroviruses/10 1 
S/E measurement is only required when an inspection in the bathin area shows that the parameter may be present, or when water quality has 
deteriorated. 

Discussion 

The number of indicatory bacteria of pollution degree 
(TVC 20°C, TVC 37°C) and sanitary state (TC, FC, FS) 
in the water of the examined rivers undergoes significant 
fluctuations (from typical for waters class I to II and even 
class III of purity) depending on a site of water sampling, 
bacteria group and research season. In the Kamionka 
River numerous TVC 20°C occurrence at site 1 (in 
Okuniowiec) may be connected with the effluent of pol-
lutants easily decomposed by these bacteria from build-
ing areas, leakages from cesspits and drainage catch-
ments. The decrease of their number at site 2 below a se-
quence of lakes: Dabrowka, Krzywe, Czarne and 
Kolesne, is a result of diluting pollutants and accom-
panied bacteria in the water of these lakes. It also con-
cerns the TC and FC numbers, which can also be de-
creased due to natural decaying and under the influence 
of different physico-chemical and biological factors in 
rivers and lakes [9]. Repeated increase of TVC 20°C, 
TVC 37°C and TC in the water of this river at site 3 (near 
Leszczewo) before the mouth to Pierty Lake may be at-
tributed to the increase of the amount of pollution from 
drainage catchment and arable-forestry-pasture-meadow 
areas. In this region there is a reserve of beavers whose 
activity may be one of the factors influencing the worsen-
ing of sanitary-bacteriological state of waters in the final 
part of the Kamionka River. The pollution of the 
Kamionka River is shown not only by the number of the 
abtioned bacteria but also the ratio TVC 20°C:TVC 37°C 
lower than 10 in the majority of water samples. Accord-
ing to English data [7] this ratio ("differential tempera-
ture ratio test") in pure waters is 10:1 or more, in pol-
luted waters is lower than 10:1. The influence of rural 
areas on the number of the examined indicatory bacteria 
of the pollution degree (TVC 20°C, TVC 37°C) and sani-
tary   state   (TC,   FC,   FS)   is   observed   from   the 

examination carried out on the Maniowka and 
Wiatroluza Rivers. In case of the Maniowka River 
a higher number of these microorganisms found at site 
4 are due to pollution getting from Lipniak and springs of 
this river in Debowo where there are drainage ditches, 
little ponds and meadows. Animal origin of these pollu-
tions is proved by a higher number of FC and FS. Ac-
cording to Geldreich [6] the ratio FC:FS lower than 0.7 
points to pollution originating from animals, the ratio 
FC:FS 0.7-0.4 points to pollution from people and ani-
mals, while an FC:FS ratio higher than 4.0 points to pol-
lution from people. It is caused by the fact that in the 
excrements of warm-blooded animals faecal streptococci 
are more numerous than faecal coliforms, in human 
excrements faecal coliforms occur in larger quantities 
than faecal streptococci. At site 5 (in the region of the 
mouth to the Wiatroluza River) the number of the exam-
ined indicatory bacteria in the Maniowka River decreases 
although it still reaches the values typical for waters evi-
dently polluted or even significantly polluted (class II and 
III of purity). It concerns mainly the number TVC 20°C 
and TVC 37°C. Higher quantities of FS at a complete 
lack of FC prove the pollution of this part of the river by 
wild animals, including beavers inhabiting the reserve. 

A high degree of bacteriological pollution is observed 
at site 6 in the Wiatroluza River (in Wiatroluza village). 
The source of pollution of this part of the river could be 
leakage from cesspits, decay ditches (cow dung, liquid 
manure) and others washed away during storm rainfalls 
(excrement of farm animals and wild animals fed in pas-
tures and meadows). A significantly high number of FC 
and FS in the examinated water samples [6] shows hu-
man and animal pollution of this part of the river. With 
the course of the river water quality improves, which is 
shown by the decrease of TVC 20°C, TVC 37°C, TC, FC, 
sometimes FS at site 7 (above the tributary of the 
Maniowka River). A more or less significant increase of 
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TVC 20°C in the Wiatroluza River at site 8 (below the 
tributary of the Maniowka River) was associated with 
a higher number of bacteria inflowing with this river. 
A significant decrease of TVC 20°C, TVC 37°C (except 
the water samples taken in August) and TC and FC in 
the Wiatrotuza River at sites 9 and 10 (in the region of 
the tributary to Krolowek Lake and between Krolowek 
Lake and Pierty Lake) is explained by diluted pollution 
and accompanied by indicatory bacteria in Krolowek 
Lake. The improvement of the bacteriological state of 
the water in the Wiatroluza River in this region is shown 
by the ratio TVC 20°C: TVC 37°C higher than 10, es-
pecially in summer and autumn. The increase of the 
number of TVC 20°C and FS and the ratio TVC 20°C: 
TVC 37°C lower than 10 in almost all water samples 
taken in the Piertanka River at site 11 (between 
Omuiowek Lake and Wigry Lake) can be explained by 
a localization of this site at a bridge in the neighbour-
hood of a water hostel, Folwark village and recreational 
utilization of these waters. 

Conclusions 

1. The number indicatory bacteria of the pollution 
degree (TVC 20°C, TVC 37°C) and the sanitary state 
(TC, FC, FS) in the water of the examinated parts of the 
Kamionka, Maniowka, Wiatroluza and Piertanka Rivers 
are the most typical for the water streams draining ar 
able-forestry-pasture-meadow catchments. The values of 
faecal coliforms titre correspond to the values accepted 
for class I and II of purity (the Kamionka and Piertanka 
Rivers, the Maniowka River before the inflow to the 
Wiatroluza River and a part of the Wiatroluza River be 
low the village Wiatroluza), exceptionally of class III pu 
rity (the Maniowka River in Lipniak and the Wiatroluza 
River in the village called Wiatroluza). 

2. The decrease of the number of the examined indi 
catory bacteria in the Kamionka River below Dąbrowka, 
Krzywe, Czarne and Kolesne lakes and in the Wiatroluza 
River below Krolowek Lake is caused by dilution of pol 
lution and accompanied microorganisms. In case TC, FC 
and FS as well as natural decaying and under the influ 
ence of different physico-chemical (UV radiation, sun 
light, toxic secretion of algae) and biological (fed by pro 
tozoans and zooplankton, lytic activity of bacteriophages 
and some other bacteria). 

3. The minimum number or the lack of FC in majority 
of the examined water samples (except the samples taken 
in the region of rural settlements) at high numbers of FS 
(the ratio FC:FS < 0.7) suggests the participation of ani 
mal excrement in their pollution, washed away from ar 
able-forestry-pasture-meadow catchments  during  rain 
fall. The high number of FC in the water samples taken 
in the region of Okuniowiec, Lipniak, Leszczewo and 
Wiatroluza village on the  Kamionka,  Maniowka and 
Wiatroluza rivers may be attributed to leakage from cess 
pits where there is a high number of these bacteria. 

4. Fluctuations of the number of the examined indi 
catory bacteria of the pollution degree (TVC 20°C, TVC 
37°C) and sanitary state (TC, FC, FS) in the water of the 

examined rivers from autumn may be connected with at-
mospheric conditions, especially waterfalls of a storm 
character and washed away from arable-forestry-pasture-
meadow catchment earlier sedimented by people and 
farm animals (cattle grazing) and wild living (deer, 
beavers, migrating birds, stags etc.). 

5. The Wiatroluza River (by the Piertanka River) 
takes to Wigry Lake TVC 20°C, TVC 37°C and FC typi-
cal for pure waters and/or insignificantly polluted with 
faecal coliforms titre corresponding to class I and/or II of 
water purity. 

Acknowledgments 

The author wishes to thank M. Kaminski DSc and L. 
Krzysztofiak DSc from Wigry National Park for their 
help carrying out this study of river water. I would also 
like to thank T. Grzmil MSc for technical help during this 
study. 

This study was financied by research project KBN 
05.030.207, and in part by Wigry National Park at Krzywe 
near Suwalki. 

References 

1. A.P.H.A. (American Public Health Association), Standard 
Methods for the Examination of Water and Wastewater. 18 
Ed., Eds.: G. E. Greenberg, L. S. Clesceri, A. D. Eaton. 
Publ. Office American Public Health Association. Washin 
gton, D. C. 9-1-9-147, 1992. 

2. BAJKIEWICZ-GRABOWSKA   E.   Siec   hydrograficzna, 
warunki doplywu i wymiany wod w jeziorach (In:) Jeziora 
Wigierskiego Parku Narodowego. Stan eutrofizacji i kierunki 
ochrony. Oprac. zbiorowe pod red. B. Zdanowskiego. PAN. 
Komitet  Naukowy  przy  Prezydium  P.  A.   N.   Czlowiek 
i  Srodowisko.   Zeszyty   Naukowe   3.   Wroclaw-Warszawa- 
- Krakow. Zaklad Narodowy im. Ossolinskich, 21, 1992. 

3. BAJKIEWICZ-GRABOWSKA     E.,     HILLBRICHT-IL- 
KOWSKA A,   ZDANOWSKI   B.  Ocena  podatnosci  na 
degradacje stanu czystosci wod i tempa eutrofizacji jezior 
(In:) Jeziora Wigierskiego Parku  Narodowego.  Stan eu 
trofizacji i kierunki ochrony. Oprac. zbiorowe pod red. B. 
Zdanowskiego.  PAN.  Komitet Naukowy  przy Prezydium 
P.A.N.   Czlowiek   i    Srodowisko.   Zeszyty   Naukowe   3. 
Wroclaw-Warszawa-Krakow.      Zaklad      Narodowy      im. 
Ossolinskich, 163, 1992. 

4. CABEJSZEK J., KOLACZKOWSKI S., KOZIOROWSKI 
B.,  LUCZAK  J.  Projekt  ujednoliconych  wytycznych  do 
klasyfikacji   zanieczyszczen   wod   powierzchniowych.   Gaz, 
Woda i Technika Sanit., 34, 18, 1960. 

5. E.E.C. (European Economic Comunity): Council Directive 
of 8 December 1975 Concerning the Quality of Bathing 
Water, 76/160/EEC, Official Journal of the European Com 
munities, C31, 1-7, 1976. 

 

6. GELDREICH E. E. Applying bacteriological parameters to 
recreational water quality. Journal American Water Works 
Association, 62, 113, 1970. 

7. MINISTRY OF HEALTH: The bacteriological examination 
of water and water supplies. Rev. ed. Rept. Public Health 
and Medical Subjects. London. 73, 1939. 

8. NIEWOLAK S. Seasonal changes of survival of Escherichia 

Niewolak S.298 



 

 

coli, Streptococcus faecalis, Salmonella typhimurium and 
Salmonella typhi dublin in lake water. Polish Journal of En-
vironmental Studies, 7, 27, 1998. 

9. NIEWOLAK S. The evaluation of the contamination degree 
and the sanitary and bacteriological state of the waters in the 
Czarna Haiicza River in the Region of Suwalki and the 
Wigry National Park. Polish Journal of Environmental Stu-
dies, 7, 229, 1998. 

10. NIEWOLAK S. Total viable count and enteric bacterial con 
centration in bottom sediments from River Czarna Haricza. 
Polish Journal of Environmental Studies, 7, 295, 1998. 

11. NIEWOLAK S. Evaluation of pollution and sanitary-bac 
teriological state of Lake Wigry, Poland. Part I. Pelagic 
water of Lake Wigry. Polish Journal of Environmental Stu 
dies, 8, 89, 1999. 

12. NIEWOLAK S. Evaluation of pollution and sanitary-bac 
teriological state of Lake Wigry. Part II. Near-shore water of 
Lake Wigry. Polish Journal of Environmental Studies, 8, 
169, 1999. 

13. NIEWOLAK S. Bacteriological monitoring of lakes water 
quality in the area of Wigry National Park in summer season. 
Polish Journal of Environmental Studies, 8, 231, 1999. 

 

14. NIEWOLAK S. Opportunistic pathogens in the water and 
bottom sediments from River Czarna Hancza. Polish Journal 
of Environmental Studies, 8, 183, 1999. 

15. Rozporzadzenie  Ministra  Ochrony  Srodowiska,  Zasobow 
Naturalnych i Lesnictwa z dnia 5 listopada 1991 r. w sprawie 
klasyfikacji wod i warunkow jakim powinny odpowiadac 
scieki wprowadzane do wod lub do ziemi. Dziennik Ustaw 
Nr 116, poz. 503, str. 1579-1583. 

16. SWIATECKI A, GORNIAK D. Mikrobiologiczne badania 
zanieczyszczen wody systemu rzeczno-jeziornego rzeki Czar- 
nej Hanczy. Zeszyty Nauk. WSP w Olsztynie. Prace Biologi- 
czne, 6, 97, 1997. 

17. ZDANOWSKI B., KARPINSKI A., PRUSIK S. Warunki 
srodowiskowe wod jezior Wigierskiego Parku Narodowego 
(In:) Jeziora Wigierskiego Parku Narodowego. Stan eu- 
trofizacji i kierunki ochrony. Oprac. zbiorowe pod red. B. 
Zdanowskiego. PAN. Komitet Naukowy przy Prezydium 
P.A.N.   Czlowiek   i   Srodowisko.   Zeszyty   Naukowe   3. 
Wroctaw-Warszawa-Krakow.      Zaklad      Narodowy      im. 
Ossolinskich, 35, 1992. 

299Bacteriological Monitoring of ... 


