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Abstract 

This work comprises the results of a number of Pseudomonas aeruginosa, Aeromonas hydrophila and 
Staphylococcus sp. in water and bottom sediments in the Czarna Hancza River in the region of Suwalki and 
Wigry National Park from spring to autumn in 1996. All these microorganisms were found in smaller 
quantities in water, and in larger quantities in the bottom sediments in the Czarna Hancza River. Their 
number was generally higher than the number of faecal bacteria of Escherichia coli group both in water and 
bottom sediments in this river at site 1 (in Stary Brod above Suwatki) and at sites 7-10 (in Czerwony Folwark, 
Mackowa Ruda, Buda Ruska, Wysoki Most, to the east of Wigry Lake). Their number was close to or lower 
than the number of faecal bacteria of Escherichia coli group at the sites situated above and below the inflow 
of treated sewage from the Treatment Sewage Plant in Suwalki (2a and 2b sites), in Sobolewo (3 and 4 sites), 
in the region of the old river-bed of the Czarna Hancza River (5 site) and its mouth to Wigry Lake (6 site). 
There were fewer at the sites of sand deposits, more at the sites of clay-argillaceous deposits. In the research 
period they were more numerous in the second half of summer. The number of Pseudomonas aeruginosa, 
Aeromonas hydrophila and Staphylococcus sp. should be taken into account as well as the number of the 
indicators bacteria of a sanitary state (total coliforms, faecal coliforms and faecal streptococci) while estima-
ting the usefulness of water in the Czarna Hancza River for recreation. 

Keywords: river, water, bottom sediments, opportunistic pathogens, Pseudomonas aeruginosa, Aero-
monas hydrophila, Staphylococcus sp. 

Introduction 

The estimation of bacteriological quality of surface 
and underground waters based on classical sanitary indi-
cators (total coliforms, faecal coliforms, faecal strepto-
cocci) may not reflect their safety for the health of bath-
ing people and/or using water for drinking and household 
purposes. Numerous human diseases having bath in 
rivers, lakes, ponds and coastal sea waters in the area of 
river and sewage inflow, swimming pools are associated 
with the presence of opportunistic pathogens from 
Pseudomonas, Aeromonas, Staphylococcus and other 
microorganisms groups, being able to generate infections 
by contact with skin, mucous membrane, nosopharyngeal 
cavity, respiratory ducts, eyes, ears and urogenital pas- 

sages. Pyogenic infection of injuries, meningitis, urinary 
system, respiratory system, inflammation of the middle 
ear and eyes are typical diseases caused by contaminated 
water where Pseudomonas aeruginosa are found [8, 19, 
34, 56, 61, 74]. 

Wound infections, peritonitis, meningitis, endocardi-
tis, septicemia, corneal ulcers, nosocomial infections, uri-
nary tract infections, gastroenteritis of people who bathe 
and/or use water in other ways are caused by Aeromonas 
hydrophila [25, 36, 38, 41, 42, 44, 45, 68, 69]. Infections of 
skin, nosopharyngeal cavity, eyes, outer ear among bath-
ing people could be caused by recreational waters pol-
luted by Staphylococcus aureus [65, 72, 76]. All the above 
mentioned species of bacteria survive in water longer 
than classical indicators of sanitary state and they are not 



 

 

connected with faecal contamination present in water. 
Pseudomonas aeruginosa and Aeromonas hydrophila oc-
cur in water and bottom sediments of river [16, 33, 40, 48, 
50, 57, 63], lake [59, 67, 72], estuaries [21, 23, 39, 64, 75], 
sea coastal waters in the zone of pollutants effluent from 
the land [3, 4, 7, 10, 31, 49], sewages [12, 32, 51, 52, 73], 
soil [13], fish [27, 28], food [58], drinking water [37, 47]. 
Up till now the maximum number of these bacteria in 
surface water useful for recreation has not been officially 
stated, though the above mentioned literature suggests 
the necessity of including them in the system of bacteri-
ological indicators of water quality. In Poland one cannot 
find published data on the number of these bacteria in 
surface waters. The present research presents the results 
on the number of Pseudomonas aeruginosa, Aeromonas 
hydrophila and Staphylococcus sp. in water and bottom 
sediments of the Czarna Hancza River in the recreational 
period. The river is utilized, especially in summer, for 
canoeing by Polish and foreign tourists for its beautiful 
landscape. Therefore, knowledge of sanitary-bacteri-
ological states of water and bottom sediments of this 
river and potential sources of bacteriological contamina-
tion seem to be significant. 

Materials and Methods 

The Czarna Hancza River 

The Czarna Hancza River is a main river in the basin 
of the Niemen and the largest one in the area of Wigry 
National Park. It flows out of a small Lake Jegliszki on 
Suwalki Northern Lakeland at 230 m a. s. 1. In the upper 
course it flows across Hancza Lake. In the middle course 
it meanders stronly, further (in Rygel) it is sewered and is 
included in the system of the Augustowski Canal. It out-
flows near Warwiszki Bialostockie. There is a great river 
gradient, typical for mountain rivers, between springs and 
Wigry Lake. The river stretch from Wigry Lake to the 
border of Poland is typical for a lowland river. The 
Marycha River is main tributary of the Czarna Hancza 
River. Below Suwalki there is a canal mouth supplying 
treated sewage from Waste Water Treatment Plant in 
Suwalki. Wastes are treated with the third degree. De-
tailed characteristics of the river and the Waste Water 
Treatment Plant in Suwalki have been presented in other 
papers [54, 55]. 

Sampling 

Water samples were taken from the Czarna Hancza 
River directly to sterilized glasses with a grinded cork 
(300 ml) in the current at 11 sites (every month) from 
June to November 1996. Sewen sites were situated from 
Stary Brod above Suwalki up to the mouth of the Czarna 
Hancza River to Wigry Lake, four sites were found from 
Czerwony Folwark to Wysoki Most to the east of Wigry 
Lake. The samples of bottom sediments were taken by 
a special device to sterille glasses with a twist cover being 
sterilized by boiling for 30 minutes in distilled water from 
the same sites as water (except site 2b situated 10 m be-
low the inflow of treated wastes from the Treatment 

 
Fig. 1. Situational sketch of Czarna Hancza River in the region 
of Suwalki and the area of Wigry National Park. 
1.2,3  ...   10 sites for collecting water and  bottom sediment 
samples. 

Plant in Suwalki because of stony river bed). Surface 
layer of bottom sediments 1 cm was collected. The fol-
lowing sites were found: 

Site 1 - in Stary Brod above Suwalki, with a sandy bed; 
Site 2a - below Suwalki, 10 m above the inflow of the 

treated  wastes  from   the   plant   in   Suwalki,  with 
a sandy-gravel bed; Site 2b - below Suwalki, 10 m 

below the inflow of the 
treated wastes from the plant in Suwalki, with stony 
bed; Site   3   -   in   Sobolewo   at   a   bridge   on   

the   road 
Krzywe-Sobolewo, with a sandy bed; Site 4 - in 

Sobolewo at the second bridge on the road 
Krzywe-Sobolewo, with a gravel bed; Site 5 - in the 

region of the old river-bed of the Czarna 
Hancza on wet and wooded area, with a clayey-argil-
laceous bed; Site 6 - at the bridge about 100 m before 
the mouth of 

the  Czarna  Hancza  to  Wigry Lake  with  a  argil- 
loarenaceus bed; Site 7 - in Czerwony Folwark at a 

bridge near Postaw 
Lake, with a sandy bed; 

Site 8 - in Mackowa Ruda at a bridge, with a sandy bed; 
Site 9 - in Buda Ruska at a bridge, with a sandy bed; 
Site 10 - in Wysoki Most at a bridge, with a sandy bed; 

Sites 1-4 and 10 were situated outside Wigry National 
Park; sites 5-9 were situated within Wigry National Park 
(Fig- 1)- 

The time from the moment of taking the samples until 
carrying out analysis did not exceed 12 hours. The water 
samples and bottom sediments were kept at 4-6°C. 

Microbiological Examinations 

Microbiological examinations comprised the estima-
tion of the number of the following bacteria: 
Pseudomonas aeruginosa, Aeromonas hydrophila and 
Staphylococcus sp. 

The number of Pseudomonas aeruginosa (*CFU/100 
ml water or 1 g of fresh mass of bottom sediments) 
was 

* CFU - Colony Forming Unit 
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determined on Bacto Pseudomonas Agar P with 7.0 pH 
(20), after 48 h incubation at 41.5°C.50 ml of river water 
or 1 g of fresh mass of bottom sediments diluted in 50 ml 
of distilled water was filtered through a membrane filter. 
Millipore filters, GS Type, 47 mm diameter and 0.22 µm 
pores were used. The filters were placed on the surface of 
agar substratum Pseudomonas Agar P on Petri's plates 
and incubated in an upside down position. The produc-
tion of blue-green pyocianine Pseudomonas aeruginosa 
pigment was checked in the light of Wood's lamp [20]. 
The number of Aeromonas hydrophila (CFU/100 ml 
water or 1 g of fresh mass of bottom sediments) was 
determined on mA agar [50] after 24 h incubation at 
37°C [14]. The substratum contained trehalose as 
a source of carbon and ampicilin and ethanol as inhibi-
tors of bacteria growth. The presence of Aeromonas hy-
drophila was observed in a fermentation sample with 
mannitol and in a test for cytochromic oxidase. 10 ml 
water or 1 g of fresh bottom sediment mass in 50 ml 
distilled water was filtered through a membrane filter as 
has been mentioned above. The filters were placed on 
the surface of mA agar substratum on Petri's plates and 
incubated for 24 h in an upside down position. Typical 
Aeromonas hydrophila colonies were counted (round, 
convex, 1-3 mm diameter). Taken colonies at random 
were split up and later examined in a biochemical test to 
prove the existence of Aeromonas hydrophila [59]. The 
number of Staphylococcus sp. (CFU/100 ml water or 1 g 
fresh mass of bottom sediments) was determined on 
Chapman's substratum (Bacto Staphylococcus Medium 
110) according to Difco [20] after 24 h incubation at 37°C 
[14]. 10 ml water or 1 g mass of bottom sediments in 50 
ml distilled water was filtered through a membrane filter 
as above. The filters were placed on the surface of Chap- 

man's agar substratum on Petri's plates and incubated in 
an upside down position. Typical Staphylococcus 
sp. colonies were checked at random in preparates dyed 
by Gram's method. 

All the determinations were carried out in three par-
allel repetitions from the same sample. The obtained 
values of the above mentioned bacteria were referred to 
the frequency of their detection in waters (bottom sedi-
ments) with different numbers of indicators of pollution 
degree (total number of bacteria on broth-agar at 20 and 
37°C) and sanitary state (total coliforms, faecal coliforms, 
faecal streptococci) and yeasts and maximum number of 
their amount acceptable for recreational waters being 
presented in literature. The detailed data concerned the 
above mentioned indicators of pollution degree and sani-
tary state were given in other papers [54, 55]. The unpub-
lished data concerned yeasts are found in the authors of 
this paper. Totally 66 water samples, 59 bottom sediment 
samples taken from the Czarna Haricza River and 
6 samples of treated sewage taken from a sewage treat-
ment plant in Suwalki were examined. 

Results 

Number of Opportunistic Pathogens in the 
Czarna Hancza River 

Pseudomonas aeruginosa. In the Czarna Hancza 
River the number of Pseudomonas aeruginosa at site 1 (in 
Stary Brod above Suwaiki), 2a and 2b (above and below 
the inflow of treated sewage from a sewage treatment 
plant in Suwalki) did not exceed 8, 24 and 32 CFU/100 
ml, respectively. In the water sample taken at side 1 in 

Table 1. Mean (for study period) and range for the numbers of Pseudomonas aeruginosa, Aeromonas hydrophila and Staphylococcus sp. in 
the water and bottom sediments of the Czarna Hancza River in 1996. 

 
1 See Fig. 1; 2 CFU Colony Forming Unit; 3 GWW Gram Wet Weight 
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Fig. 2. Number of Pseudomonas aeruginosa in the water of the 
Czarna Haricza River. 

Fig. 3. Number of Acromonas hydrophila in the water of the 
Czarna Hancza River. 

Fig. 4. Number of Staphylococcus sp. in the water of the Czarna 
Hancza River. 

Stary Brod above Suwatki and at site 2a, 10 m above the 
inflow of the treated sewage from a sewage treatment 
plant in Suwalki they were found only in August 1996, at 
site 2b, 10 m below the inflow of the treated sewage from 
a sewage treatment plant in Suwalki they were found in 
July, August and October. In the water of the Czarna 
Hancza River taken in Sobolewo the bacteria were found 
only at site 3 in July 1996. They were not found in the 
region of the old river bed of the Czarna Hancza River 
(site 5) and its inflow to Wigry Lake (site 6). The least 
amount was found at site 7 in Czerwony Folwark (1-4 
CFU/100 ml) in the Czarna Hancza River to the east 
from Wigry Lake. At sites 8, 9 and 10 (in Mackowa Ruda, 
Buda Ruska and Wysoki Most) their number ranged 
from 0 to 1060 CFU/100 ml, from 0 to 770 CFU/100 ml 
and from 0 to 340 CFU/100 ml, respectively. At site 
7 they were found only in July, at site 8 in June and 
August, at site 9 - during the whole period of the experi-
ment, at site 10 in June, July and August 1996 (Fig. 2, 
Table 1). 

Aeromonas hydrophila. The amount of Aeromonas 
hydrophila in the water of the Czarna Hancza River at 
site I (in Stary Brod above Suwalki) did not exceed 
10,800 CFU/100 ml (in September 1996). In June and 
July 1996 they were not found. Approximate number of 
these bacteria was found in the water collected at site 2a 
10 m above the inflow of the treated sewage from a sew-
age treatment plant in Suwalki. In the water collected 
at site 2b 10 m below the inflow of the treated sewage 
maximum number of these bacteria was 32,800 CFU/100 
ml (in November 1996). In the water collected at sites 
3, 4, 5 and 6 (in Sobolewo and in the region of the 
old river bed and the inflow of the Czarna Hancza River 
to Wigry Lake) their number did not exceed 19,800, 
13,500, 14,800 (in October 1996) and 5100 (in September 
1996) CFU/100 ml, respectively. In the water of the Czar-
na Hancza River from Czerwony Folwark to Wysoki 
Most (to the east from Wigry Lake) the number of Aero-
monas hydrophila did not exceed 9600 CFU/100 ml at site 
7 in August 1996 and 5200, 6900 and 6600 CFU/100 ml at 
site 8, 9 and 10 in September 1996, respectively. In June 
and July they were not found in the samples (Fig. 3, 
Table 1). 

Staphylococcus sp. In the Czarna Hancza River at site 
1 (in Stary Brod above Suwalki) the number of 
Staphylococcus sp. did not exceed 10000 CFU/100 ml (in 
August 1996). They were not found in June 1996. In the 
Czarna Hancza River from Suwalki to its inflow to Wigry 
Lake the number of these bacteria sometimes reached 
several thousand CFU/100 ml (in September 1996 at the 
site 2b situated 10 m below the inflow of the treated 
sewage from a sewage treatment plant in Suwalki and in 
November 1996 at sites 3 and 4 in Sobolewo and 5 and 
6 in the region of the old river bed and its inflow to Wigry 
Lake) and more (12,800 CFU/100 ml in November 1996 
at the site 2b). From Czerwony Folwark to Wysoki Most 
(sites 7-10) the number of these bacteria reached maxi-
mum values 2600 CFU/100 ml in Czerwony Folwark, 
2300 CFU/100 ml in Mackowa Ruda, 5600 CFU/100 ml 
in Buda Ruska and 13,200 CFU/100 ml in Wysoki Most. 
The highest number in Czerwony Folwark and Mackowa 
Ruda was found in November 1996, in Buda Ruska and 
Wysoki Most in August 1996 (Fig. 4, Table 1). 
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Number of Opportunistic Pathogens in Bottom 
Sediments of the Czarna Hancza 

Pseudomonas aeruginosa. These bacteria were not 
found in 1 g fresh mass of the bottom sediments of the 
Czarna Hancza in Stary Brod above Suwaiki (site 1) and 
in the region of the old river bed (site 5) and its inflow to 
Wigry Lake (site 6). 10 m above the inflow of the treated 
sewage from a sewage treatment plant in Suwatki (site 
2a) they were found only in August and November in 
amounts not exceeding 15 and 10 CFU/1 GWW, respect-
ively. In the bottom sediments collected in Sobolewo at 
site 3 they were found only in June 1996 (700 CFU/1 
GWW), at site 4 in September 1996 (15 CFU/1 GWW). 
They were not found in the old river bed and the inflow 
of the Czarna Hancza to Wigry Lake. In the Czarna 
Hancza from Czerwony Folwark to Wysoki Most they 
were only found in June 1996 at the sites 9 and 10 but 
their amount did not exceed 10 CFU/1 GWW (Fig. 5, 
Table 1). 

Aeromonas hydrophila. These bacteria were found in 
the bottom sediments of the Czarna Hancza within the 
whole period of the experiment, the highest amounts 
were noticed in spring and summer. At site 1 (in Stary 
Brod above Suwaiki) their number ranged from 80 to 
135,000 CFU/1 GWW. From Suwaiki to the river inflow 
to Wigry Lake their number ranged from 240 CFU/1 
GWW to several hundred thousand cells in 1 GWW. On 
the average the least number of these bacteria in the 
bottom sediments was found at site 3 in Sobolewo, the 
highest one at site 5 in the region of the old river bed of 
the Czarna Hancza. From Czerwony Folwark to Wysoki 
Most (sites 7-10) to the east from Wigry Lake their 
number ranged from 120 CFU/1 GWW in November 
1996 at the site 10 (in Wysoki Most) to 460,000 CFU/1 
GWW in July 1996 at site 7 (in Czerwony Folwark). On 
the average the lowest amount in bottom sediments at 
site 9 (in Buda Ruska), the highest amount was found at 
the site 7 (in Czerwony Folwark) (Fig. 7, Table 1). 

Staphylococcus sp. In the bottom sediments of Czarna 
Hancza at the site 1 (in Stary Brod above Suwaiki) the 
number of these bacteria ranged from 15 CFU/1 GWW 
(in October 1996) to 12,500 CFU/1 GWW (in June 
1996). In the Czarna Hancza from Suwatki to its inflow 
to Wigry Lake the number of these bacteria ranged from 
50 CFU/1 GWW to 25,600 CFU/1 GWW. On the aver-
age the least number was found in the bottom sediments 
collected at site 5 (in the region of the old river bed of 
the Czarna Hancza), the highest number was found at 
site 3 in Sobolewo. They were the lowest at all sites in 
October and November 1996, the highest number was 
found in June 1996. In the Czarna Hancza from Czer-
wony Folwark to Wysoki Most (sites 7-10) to the east 
from Wigry Lake the number of these bacteria ranged 
from 25 CFU/1 GWW to 12,500 CFU/1 GWW. On the 
average the least number was found in the bottom sedi-
ments collected at site 9 (in Buda Ruska), the highest 
number was found at sites 7 and 8 (in Czerwony Folwark 
and Mackowa Ruda). The highest number of these bac-
teria in the bottom sediments collected at sites 7 and 
8 was found in June 1996, in the bottom sediments col-
lected at sites 9 and 10 in September and July 1996, re-
spectively (Fig. 7, Table 1). 

Fig. 5. Number of Pseudomonas aeruginosa in the bottom sedi-
ments of the Czarna Hancza River. 

Fig. 6. Number of Aeromonas hydrophila in the bottom sedi-
ments of the Czarna Hancza River. 

Fig. 7. Number of Staphylococcus sp. in the bottom sediments of 
the Czarna Hancza River. 
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The Number of Opportunistic Pathogens in the 
Treated Sewage Inflowing to the Czarna Hancza 
River from a Sewage Treatment Plant in Suwalki 

Pseudomonas aeruginosa were not found in the 
treated sewage infloving into the Czarna Hancza River 
from a sewage treatment plant in Suwatki. Aeromonas 
hydrophila were found only in July, August, September 
and October in amounts not exceeding 900 CFU/100 ml. 
Staphylococcus sp. were found in July, August, Septem-
ber, October and November from 180 to 62,700 CFU/100 
ml (Fig. 8). 

Fig. 8. Number of Pseudomonas aeruginosa, Aeromonas hy-
drophila and Staphylococcus sp. in treated sewage infloving into 
the Czarna Hancza River from a sewage treatment plant in 
Suwatki. 

Discussion 

Pseudomonas aeruginosa regarded as organisms of 
a faecal origin [8, 19, 24, 26, 73, 74] was found in the 
Czarna Hancza River seldom in the amount exceeding 
100 MPN/100 ml. They are values above which inflamma-
tory states of ears and eyes of swimmers in such water 
may be observed [35]. Maximum numbers of these bac-
teria were most frequently found in the waters of the 
Czarna Hancza River from Czerwony Folwark to Wysoki 
Most (sites 7-10) to the east from Wigry Lake were close 
to the given ones [65, 67, 72] for some waters of the lakes 
and rivers in Canada and in the United States. It is inter-
esting that this part of the Czarna Hancza River is most 
often used for recreational purposes (canoeing) by Polish 
and foreign tourists in the summer season. Especially 
higher amounts of Pseudomonas aeruginosa were found 
once in the bottom sediments of the Czarna Hancza 
River at site 3 in Sobolewo but they were associated with 
a higher number of FC [55]. In other seasons at the same 
and other sites such dependence was not found. On the 
contrary higher amounts of Pseudomonas aeruginosa 
were rather associated with a lower number of FC (Table 
2). These bacteria were not even found in the above men- 

1 MPN - Most Probable Number 
2 GWW - Gram Wet Weight 

tioned quantities in the treated sewage inflowing into the 
Czarna Hancza River from a waste treatment plant in 
Suwalki containing 14,000 - 1,100,000 MPN/100 ml FC 
[54]. However, Guimares et al. [26] isolated these bac-
teria from coastal sea waters at different degrees of 
faecal contamination but in higher quantities from water 
samples containing numerous FC and FS. These authors 
emphasize that in non-polluted waters frequency of 
isolating Pseudomonas aeruginosa was still quite high. 
Foster et al. [24] quote Costerton's data from 1979 ac-
cording to which Pseudomonas aeruginosa is a penetrat-
ing organism. It is found in soil, water, sewage, 
homoiothermic animal excrement, on plants from which 
it gets to surface waters during rainfalls. Marsalek et al. 
[59] found them in the water of the St. Clair River in 
Sarnia in the amount of 361-2137 CFU/100 ml in "dry" 
season and 1570-173,000 CFU/100 ml during "wet" sea-
son. Pellet et al. [56] examining the occurrence of 
Pseudomonas aeruginosa in different ecosystems of the 
Mississippi River in the USA (water, bottom sediments, 
plants, "Aufwuchs", surface layer of mucus and gastric 
contents of fish) state that Pseudomonas aeruginosa is an 
autochtonic organism of biological biocenosis of waters 
and algal blooms may stimulate their development. Re-
gardless of the auto- or allochtonous origin of 
Pseudomonas aeruginosa it is an epiphyte bacteria and it 
occurs in surface water at the boundary of phases "stable 
parts-water" and in bottom sediments, and due to bottom 
deeping or swimming activities [65, 66] it may get into the 
water. 

Mean number and the range of fluctuation of Aero-
monas hydrophila in the Czarna Hancza River did not 
differ from the given ones in literature (Table 3) for 
rivers, lakes, estuaries, coastal sea waters in the region of 
bathing places. Their higher number was found at site 2b 
situated 10 m below the inflow of treated sewage from 
a waste treatment plant in Suwalki (on the average 55,300 
CFU/100 ml) than at other sites on the river (on the 
average 1100-4500 CFU/100 ml) that may be associated 
with a higher number of organic substance easily decom-
posed by these bacteria. Examinations of the number of 

Table 2. Frequency (%) distribution of Pseudomonas aeruginosa, 
Aeromonas hydrophila and Staphylococcus sp. in the water and 
bottom sediments of the Czarna Hancza River with different 
level of faecal coliforms. 
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Table 3. Number of Aeromonas in water and bottom sediments of some water reservoirs according to literature data. 
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Table 3 continued 
 

a CFU - Colony Forming Unit; b ND - Not Detected;c MPN - Most Probable Number;d GWW - Gram Wet Weight 

bacteria determined on broth-agar at 20°C (TVC 20°C) 
and 37°C (TVC 37°C), total coliforms (TC), faecal coli-
forms (FS) and faecal streptococci (FS) in the Czarna 
Haficza River water [54] snowed respectively higher or 
lower numbers only for TVC 20°C and TVC 37°C. Both 
groups of heterotrophic bacteria are regarded as indi-
cators of pollution degree of water and bottom sediments 
by organic substance easily assimilated [2,11, 46,96]. The 
dependence among the number of Aeromonas hydrophila 
and the number TVC 20°C and TVC 37°C in waters was 
found by Kersters et al. [41, 42, 43] and LeChevallier et 
al. [46, 47]. They think that Aeromonas hydrophila are 
a specific part of a general number of heterotrophic bac-
teria in waters. However, the examination of the number 
of Aeromonas hydrophila and heterotrophic bacteria 
(heterotrophic plate count, in brief HPC) in the re-
sources of drinking water carried out by Havelaar et al. 
[29] did not show dependence between these bacteria 
groups. The data of the present paper presented in 
Tables 4 and 5 suggest an increase of frequency detection 
of higher number of Aeromonas hydrophila in water and 

bottom sediments samples in the Czarna Hancza River 
containing higher numbers of TVC 20°C and TVC 37°C. 
It is known from literature that Aeromonas are widely 
spread in water reservoirs [71] but the most numerous 
are found close to the discharge of wastes [10, 11, 39, 46, 
53, 57, 60, 62, 69] where the content of nutrients is the 
highest although their faecal origin is discursive [5, 6]. 
Many examinations showed that fewer than 1% of 
healthy people is a carrier of these pathogens [39]. This 
can explain the lack of a connection, as well as in other 
research carried out abroad [1-5, 9, 15, 25] between the 
number of Aeromonas hydrophila and the number of FC 
in water and in the bottom sediments of the Czarna 
Hancza River. For example, at site 1 (in Stary Brod 
above Suwalki) and at sites 7-10 (on the Czarna Hancza 
River from Czerwony Folwark to Wysoki Most) to the 
east from Wigry Lake a number ratio of Aeromonas hy-
drophila to FC was 3.5-3000 in water samples and 
0.03-4200 in bottom sediment samples. At sites 2a-6 situ-
ated in the region of inflow of treated sewage from 
a waste treatment plant in Suwaiki, in Sobolewo and in 

Table 4. Frequency (%) occurrence of Aeromonas hydrophila in the water of the Czarna Hancza River with different levels of TVC 20°C, 
TVC 37"C, yeasts, TC, FC and FS counts. 

 
1 - Total viable count at 20°C; 2 - Total viable count at 37°C;3 - Number of yeasts;4 - Number of total coliforms; 5 - Number of faecal 
coliforms 6 - Number of faecal streptococci; 7 - Colony Forming Unit; 8 - Most Probable Number 
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Table 5. Frequency (%) occurrence of Aeromonas hydrophila in the bottom sediments of the Czarna Haricza River with different levels of 
TVC 20ºC, TVC 37ºC, yeasts, TC, FC and FS counts. 

 

 

the region of the old river bed of the Czarna Haricza 
River and its inflow to Lake Wigry the most polluted 
ones [54, 55] this ratio was 0.03-162 in water samples and 
0.02-9.5 in bottom sediment samples. The fluctuation of 
Aeromonas hydrophila number in the research season 
might be caused by rainfalls and pollution leakage to-
gether with adsorbed cells of these bacteria from the 
catchment of the Czarna Haricza [57]. These bacteria 
may survive for a long time in soil [13], where they are 
washed out to the river and may undergo proliferation if 
the water temperature is adequate [64]. The decrease of 
their number in water observed in November (in bottom 
sediments even in October) except the samples taken at 
site 2b situated 10 m below the inflow of the treated 
sewage from the waste treatment plant in Suwaiki may be 
connected with a low temperature. It is known from lit-
erature [17, 43] that at water temperature below 15°C, 
besides the ability of using trace amounts of organic car-
bon [71], the speed of taking nutrients by Aeromonas 
hydrophila does not stand the competition with psych-
rophilic heterotrophic bacteria. 

The more polluted water of the Czarna Hancza the 
higher number of staphylococci from Suwaiki to the in-
flow to Wigry Lake [54] than in water of the river from 
Czerwony Folwark to Wysoki Most (to the east from 
Wigry Lake). The number of Staphylococcus sp. ex-
ceeded 100 CFU/100 ml, maximum accepted [18] number 
for water used for recreational purposes. Similar 
numbers of these bacteria were found in literature for 
coastal recreational waters in the north-west areas of the 
Pacific Ocean in the USA. Lower numbers were found 
[1, 53] in waters of streams, rivers and little lakes in Fin-
land, in less populated areas. The number of 
Staphylococcus sp. in water and bottom sediments ex-
ceeded FC number (the ratio of Staphylococcus sp. to FC 
was 0.3-2850 at the site 1 in Stary Brod above Suwatki 
and at the site 7 from Czerwony Folwark to Wysoki Most 
to the east from Wigry Lake and 0.1-56.8 at the sites 2a-6 
from Suwaiki to the mouth of the river to Wigry Lake. 
Numerical superiority of Staphylococcus sp. over FC was 
found in literature [1, 53, 76] for different types of water. 

The frequency of detecting Staphylococcus sp. in recre-
ational waters as well as illnesses of bathing people de-
pending on the number of these bacteria suggests [66] 
the necessity of monitoring these pathogens in surface 
waters used for recreational purposes. Higher numbers 
of Pseudomonas aeruginosa, Aeromonas hydrophila and 
Staphylococcus sp. in the bottom sediments of the Czarna 
Hancza River than in water is a known phenomenon in 
literature [16, 17, 30, 64, 65]. The number of 
Pseudomonas aeruginosa reached the values approximate 
to the given ones [65] for bottom sediments of some Ca-
nadian lakes. The number of Aeromonas hydrophila was 
about 10 times higher than that found [75] in the bottom 
sediments of the Apalachicola Bay, Florida in the USA. 
Probably the presence of a higher number of organic sub-
stance, phytoplankton, PO4, NO3, adsorbed to sand 
grains, clays etc. is a factor adventageous for proliferation 
and survival of these bacteria in the bottom sediments in 
the Czarna Haricza River. At least twice higher numbers 
of Aeromonas hydrophila in the bottom sediments of the 
Czarna Haricza River in the region of the old river bed 
and its mouth to Wigry Lake (sites 5 and 6) than in the 
bottom sediments at other sites of this river (sites 1, 2a, 3, 
4, 7-10) is explained by clay-argillaceous-sandy character 
of the bottom and higher amount of organic substance 
[55] and probably their longer survival [21] than in the 
bottom sediments at the sites representing more sandy or 
gravely deposits. 

Conclusions 

1. Pseudomonas aeruginosa in the water of the Czarna 
Haricza River were found more often at sites situated 10 
m below the inflow of the treated sewage from a waste 
treatment plant in Suwaiki (site 2b) and at sites situated 
in Mackowa Ruda, Buda Ruska, Wysoki Most (sites 
8-10)   to   the   east   from   Wigry   Lake.   Pseudomonas 
aeruginosa were seldom found in the bottom sediments 
of this river. 

2. Aeromonas hydrophila and Staphylococcus sp. in 
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water and bottom sediments of the Czarna Hancza River 
taken in Stary Brod above Suwalki (site 1) and in Czer-
wony Folwark, Mackowa Ruda, Buda Ruska and Wysoki 
Most (sites 7-10) to the east from Wigry Lake were gen-
erally found in amounts much higher than FC number. 
Their number was much closer to FC number in water 
and bottom sediments of the Czarna Hancza River taken 
from Suwalki to its mouth to Wigry Lake (sites 2a-6). 

3. The   number   of   Aeromonas   hydrophila   and 
Staphylococcus sp. in the bottom sediments of the Czarna 
Hancza River was higher at the sites with the majority of 
clay-argillaceous sandy deposits (sites 5 and 6 in the re 
gion of the old river bed of the Czarna Hancza River and 
its mouth to Wigry Lake) than at the sites with the major 
ity of sandy and/or gravely deposits (the sites 1-4 in the 
region of Suwalki and 7-10 to the east of Wigry Lake). 

4. As there are more numerous pathogenic bacteria 
(especially Aeromonas hydrophila  and  Staphylococcus 
sp.) than FC in water and bottom sediments of the Czar 
na Hancza River the examinations of not only traditional 
indicatory bacteria of sanitary state but pathogenic bac 
teria of Pseudomonas, Aeromonas and Staphylococcus 
are necessary as well while estimating the usefulness of 
this river for recreation. 

Acknowledgments 

Authors are very grateful to M. Kaminski DSc, and L. 
Krzysztofiak DSc (Wigry National Park at Krzywe) for 
help in carrying out the present research in the area of 
the WNP and its surroundings. 

This study was financially supported under Project 
KBN 05.030.207 and in part by Wigry National Park. 

References 

1. ATHIANINEN J., NIEMI M., JOUSIMIES-SOMER H.J. 
Staphylococci in polluted waters and in waters of inhabited 
areas. Wat. Sci. Tech. 24, 103, 1991. 

2. ALBINGER O. Bacteriological investigation of water and 
sediment of the River Danube between Streamkilometers 16 
and 1868 from March 13rd-17'h. Arch. Hydrobiol. (Suppl.), 
84,115,1992. 

3. ALONSO J. L., AMOROS I., BOTELLA M. S. Enumer 
ation of motile Aeromonas in Valencia coastal waters by 
membrane filtration. Wat. Sci. Tech. 24, 125, 1991. 

4. ALONSO J. L., GARAY E. Two membrane filter media 
(mADA/0129 and mSD/0129 Agars) for enumeration of 
motile Aeromonas in seawater. Zbl. Hyg. 189, 14, 1989. 

5. ARAUJO R. M., ARRIBAS R. M., LUCENA F., PARES 
R. Relation between Aeromonas and faecal coliforms in 
fresh waters. Journal of Applied Bacteriology 67, 213, 1989. 

6. ARAUJO R. M., ARRIBAS R. M., PARES R. Distribution 
of Aeromonas species in waters with different levels of pollu 
tion. Journal of Applied Bacteriology 71, 182, 1991. 

7. ARCOS M.  L., de VICENTE A., MORINIGO M. A., 
ROMERO P., BORREGO J. J. Evaluation of several selec 
tive media for recovery of Aeromonas hydrophila from pol 
luted waters. Appl. Environ. Microbiol. 54, 2786, 1988. 

8. BAHKROUF A., GAUTHIER M. J., JEDDI M, BOU- 
DABBOUS    A.    Starvation    survival    of    Pseudomonas 
aeruginosa in sea water before and after adaptation to salin- 

ity. Letters in Applied Microbiology 7, 59, 1988. 9. 
BERNAGOZZI   M,   BIANUCCI   F.,   SACCHETTI   R. 
Prevalence of Aeromonas spp. in surface waters. Water En-
vironment Research 67, 1060, 1995. 

10. BIAMON E. J., HAZEN T. C. Survival and distribution of 
Aeromonas  hydrophila   in   near-shore   coastal  waters  of 
Puerto Rico receiving rum distillery efluent. Water Res. 17, 
319, 1983. 

11. BOTZENHART K., LANGHAMER G. Determination of 
colony counts in drinking water at 20°C, 36°C and 37°C. Zbl. 
Bakt. Hyg. B. 182, 237, 1986. 

12. BOUSSAID A., BALEUX B., HASSANI L., LESNE J. 
Aeromonas species in stabilization ponds in the arid region 
of Marrakesh, Morocco, and relation to faecal pollution and 
climatic factors. Microb. Ecol., 21, 11, 1991. 

13. BRANDI   G.,   SISTI   M,   SCHIAVANO   G.   F.,   SAL- 
VAGGIO  L.,  ALBANO A.  Survival  of Aeromonas hy 
drophila, Aeromonas caviae and Aeromonas sobria in soil. 
Journal of Applied Bacteriology, 81, 439, 1996. 

14. BURBIANKA M., PLISZKA A., BURZYNSKA H. Mik- 
robiologia zywnosci. Wyd. 5. PZWL, Warszawa, 1983. 

15. BURKE V, ROBINSON J, GRACEY M., PETERSON 
D., PARTRIDGE K. Isolation of Aeromonas hydrophila 
from a metropolitan water supply: seasonal correlation with 
clinical isolates. Appl. Environ. Microbiol. 48, 361, 1984. 

16. BURTON G. A. Jr., LANZA G. R. Aeromonas hydrophila 
densities in thermally-altered reservoir water and sediments. 
Water, Air, and Soil Pollution 34, 199, 1987. 

17. CAVARI B. Z., ALLEN D. A., COLNELL R. R. Effect of 
temperature on growth and activity of Aeromonas spp. and 
mixed bacterial populations in the Anacostia river. Appl. En 
viron. Microbiol. 41, 1052, 1981. 

18. CHAROENCA    N.,   FUJIOKA   R.    S.   Assessment   of 
staphylococcus  bacteria  in   Hawaii's  marine   recreational 
waters. Wat. Sci. Tech. 27, 283, 1993. 

19. DeVICENTE   A.,   BORREGO   J.   J.    ARRABAL   F., 
ROMERO P. Comparative study of selective media for enu 
meration of Pseudomonas aeruginosa from water by mem 
brane filtration. Appl. Environ. Microbiol. 51, 832, 1986. 

20. DIFCO MANUAL, Dehydrated culture media and reagents 
for microbiology. Difco, 10 Ed., Difco Laboratories, Detroit, 
Michigan, USA, 1985. 

21. FERGUSON C.  M., COOTE  B.  G, ASHBOLT N. J., 
STEVENSON   I.   M.   Relationships  between   indicators, 
pathogens and water quality in an estuarine system. Water 
Res. 30, 2045, 1996. 

22. FLIERMANS C. B., GORDEN R. W., HAZEN T. C, 
ESCH G. W. Aeromonas distribution and survival in a ther 
mally altered lake. Appl. Environ. Microbiol. 33, 114, 1977. 

23. FLORENTINI    C,    BARBIERI    E.,    FALZANO    L., 
MATARRESE    P.,    BAFFONE    W.,    PIANETTI    A., 
KATOULI M., KUHN I., MOLLBY R., BRUSCOLINI F., 
CASIERE A.,  DONELLI  G.  Occurence,  diversity  and 
pathogenicity of mesophilic Aeromonas in estuarine waters 
of the Italian coast of the Adriatic Sea. Journal of Applied 
Microbiology, 85, 501, 1998. 

 

24. FOSTER D. H., HANOS N. B., LORD Jr. S. M. A critical 
examination  of bathing  water  quality  standards.  Journ. 
Water Pollut. Control. Fed. 43, 2229, 1971. 

25. GAVRIEL A.A, LANDRE J. P. B., LAMB A. J. Incidence 
of mesophilic Aeromonas within a public drinking water 
supply in north-east Scotland. Journal of Applied Microbiol 
ogy 84, 383, 1998. 

26. GUIMARES      V.      P.,      ARAUJO      M.      A.      V., 
MENDOCA-HAGLER    L.    C.    S.,    HAGLER    A.    N. 

Niewolak S., Opieka A.192



 

 

Pseudomonas aeruginosa and other microbial indicators in 
fresh and marine waters of Rio de Janeiro, Brazil. Environ-
mental Toxicology and Water Quality: An International 
Journal 8, 313, 1993. 

27. HANNINEN L. L, CIVANEN P., HIRVELA-KOSKI V. 
Aeromonas species in fish-eggs, shrimp and freshwater. In 
ternational Journal of Food Microbiology 34, 17, 1997. 

28. HANNINEN M- L., SALMI S., SIITONEN A. Maximum 
growth temperature ranges of Aeromonas spp. isolated from 
clinical or environmental sources. Microb. Ecol. 29, 259, 
1995 

29. HAVELAAR A. H., VERSTEEGH J. F. M., DURING M. 
The presence of Aeromonas in drinking water supplies in 
the  Netherlands.   Zentralblatt  fiir  Hygiene   ind   Umwel- 
tmedizin, 190, 236, 1990. 

30. HAZEN T. C. Ecology of Aeromonas hydrophila in a South 
Carolina cooling reservoir. Microb. Ecol. 5, 179, 1979. 

31. HAZEN T. C. A model for the density of Aeromonas hy 
drophila in Albemarle Sound, North Carolina. Microb. Ecol. 
9, 137, 1983. 

32. HAZEN T. C, FLIERMANS C. B. Distribution of Aero 
monas hydrophila in natural and man-made thermal efflu 
ents. Appl. Environ. Microbiol. 38, 166, 1979. 

33. HAZEN T. C, FLIERMANS C. B. HIRSCH R. P, ESCH 
G. W. Prevalence and distribution of Aeromonas hydrophila 
in the United States. Appl. Environ. Microbiol. 36, 731, 
1978. 

34. HERNANDEZ J., FERRUS A. A., HERNANDEZ M., 
ALONSO J. L. Comparison of six different methods for typ 
ing Pseudomonas aeruginosa strains isolated from bottled 
and well waters. Water Res. 31, 3169, 1997. 

35. HOADLEY A. W. Potential health hazards associated with 
Pseudomonas  aeruginosa  in water.  (In):   Bacterial   Indi 
cators/Health Hazards Associated with Water. Ed. by A. W. 
Hoadley and B. J. Dutka. ASTM, Philadelphia, pp. 80 - 114, 
1977. 

36. HOLMES    P.,     NICOLLS     L.     M.     Aeromonads    in 
drinking-water supplies: their occurrence and significance. J. 
CIWEM, 9, 464, 1995. 

37. HOLMES P., SARTORY D. P. An evaluation of media for 
the membrane filtration enumeration of Aeromonas from 
drinking water.  Letters in Applied Microbiology 17, 58, 
1993. 

38. JANDA J. M. Recent advances in the study of the taxonomy, 
pathogenicity  and   infections  syndromes with   the  genus 
Aeromonas. Clin. Microbiol. Rev. 4, 397, 1991. 

 

39. KAPER J. B, LOCKMAN H., COLWELL R. R. Aero 
monas hydrophila: Ecology and toxigenicity of isolates from 
an estuary. Journal of Applied Bacteriology 50, 359, 1981. 

40. KAWAKAMI H, HASHIMOTO H. Occurrence and dis 
tribution of Aeromonas in surface water and algae in river. J. 
Fac. Fish Anim. Husb. Hiroshima Univ. 17, 155, 1978. 

41. KERSTERS I., HUYS G., Van DUFFEL H., VANCAN- 
NEYT M., KERSTERS K., VERSTRAETE W. Survival po 
tential of Aeromonas hydrophila in freshwaters and nutri 
ent-poor waters in comparison with other bacteria. Journal 
of Applied Bacteriology 80, 266, 1996. 

42. KERSTERS I., SMEYERS N., VERSTRAETE W. Com 
parison of different media for the enumeration of Aero 
monas sp. in freshwater. Journal of Applied Bacteriology 81, 
257, 1996. 

43. KERSTERS I., VAN VOOREN L., HUYS G, JANSSEN 
P., KERSTERS K., VERSTRAETE W. Influence of tem 
perature and process technology on the occurrence of Aero- 

monas species and hygienic indicator organisms in drinking 
water production plants. Microb. Ecol. 30, 203, 1995. 

44. KIRCV S. M. The public health significance of Aeromonas 
sp. in foods. Internat. J. Food Microbiol. 20, 179, 1993. 

45. KUHN J., ALLESTAM G., HUYS G., JANSSEN P., KER 
STERS K., KROVACEK K, STENSTROM T-A. Diversity, 
persistence, and virulence of Aeromonas strains isolated 
from drinking water distribution systems in Sweden. Appl. 
Environ. Microbiol. 63, 2708, 1997. 

46. LE CHEVALLIER M. W, SEIDLER R. J., EVANS T. M. 
Enumeration and characterization of Standard Plate Count 
bacteria by chlorination and raw water supplies. Appl. En 
viron. Microbiol. 40, 992, 1980. 

47. LE CHEVALLIER M. W., SEIDLER R. J. Staphylococcus 
aureus in rural drinking water. Appl. Environ. Microbiol. 30, 
739, 1980. 

48. LEGNANI P., LEONI E., SOPPELSA F., BURIGO R. The 
occurrence of Aeromonas species in drinking water supplies 
of an area of the Dolomite Mountains, Italy. Journal of Ap 
plied Microbiology 85, 271, 1998. 

49. MARINO F. J., MARTINEZ-MANZANARES E., MORI- 
NIGO M. A., BORREGO J. J. Applicability of the recre 
ational water quality standard guidelines. Wat. Sci. Tech. 31, 
27, 1995. 

50. MARSALEK J., DUTKA B. J., TSANIS I. K. Urban im 
pacts on microbiological pollution of the St. Clair River in 
Sarnia, Ontario. Wat. Sci. Tech. 30, 177, 1994. 

51. MIESCIER J. J., CABELLI V. J. Enterococci and other 
microbial   indicators   in   municipal   wastewater   effluents. 
Journ. Water Pollut. Control Fed. 54, 1599, 1994. 

52. MONFORT P., BALEUX B. Distribution and survival of 
motile Aeromonas spp. in brackish water receiving sewage 
effluent. Appl. Environ. Microbiol. 57, 2459, 1991. 

53. NIEMI R. M., JOUSIMIES-SOMER H. Staphylococci in 
the River Vantaanjoki as determined by the VJP Agar. Aqua 
Fennica 18, 109, 1988. 

54. NIEWOLAK S. The evaluation of the contamination degree 
and the sanitary and bacteriological state of the waters in the 
Czarna Hancza River in the region of Suwalki and Wigry 
National Park. Polish Journal of Environmental Studies 7, 
229, 1998. 

55. NIEWOLAK S. Total viable count and concentration of en 
teric bacteria in bottom sediments from the Czarna Hancza 
River, Northeast Poland. Polish Journal of Environmental 
Studies 7, 295, 1998. 

56. PELLET S., BIGLEY D. V., GRIMES D. J. Distribution of 
Pseudomonas aeruginosa in Riverine ecosystem. Appl. En 
viron. Microbiol. 45, 328, 1983. 

57. PIANETTI A., BAFFONE W., BRUSCOLINI F., BAR- 
BIERI E., BIFFI M. R., SALVAGGIO L., ALBANO A. 
Presence of several pathogenic bacteria in the Metauro and 
Foglia Rivers (Pesaro-Urbino, Italy) Water Res. 32, 1515, 
1998. 

58. PIN C, MORALES P., MARIN M. L, SELGAS M. D., 
GARCIA M. L., CASAS C. Virulence factors-pathogenicity 
relationships for Aeromonas species from clinical and food 
isolates. Folia Microbiol. 42, 385, 1997. 

 

59. RIPPEY S. R., CABELLI V. J. Membrane filter procedure 
for enumeration of Aeromonas hydrophila in fresh waters. 
Appl. Environ. Microbiol. 38, 108, 1979. 

60. RIPPEY S. R., CABELLI V. J. Occurrence of Aeromonas 
hydrophila in limnetic environments: Relationship of the or 
ganism to trophic state. Microb. Ecol. 6, 45, 1980. 

193Potentially Pathogenic Microorganisms ... 



 

 

61. RUSIN P. A., ROSE J. B., GERBA C. P. Health signifi 
cance of pigmented bacteria in drinking water. Wat. Sci. 
Tech. 35, 21, 1997. 

62. SCHUBERT R. H. W. Das Vorkommen der Aeromonaden 
in oberirdischen Gewassern. Archiv fiir Hygiene und Bak- 
teriologie 150, 689, 1967. 

63. SCHUBERT R. H. W. Aeromonads and their significance as 
potential pathogens in water. Journal of Applied Bacteriol 
ogy Symposium Supplement 70, 131, 1991. 

64. SEIDLER R. J., ALLEN D. A, LOCKMAN H., COL- 
WELL R. R., JOSEPH S. W., DAILY O. P. Isolation, enu 
meration and characterisation of Aeromonas from polluted 
waters used for diving operations. Appl. Environ. Microbiol. 
39, 1010, 1980. 

65. SEYFRIED P. L., COOK R. J. Otitis externa infections re 
lated to Pseudomonas aeruginosa levels in five Ontario 
lakes. Canadian Journal of Public Health 75, 83, 1984. 

66. SEYFRIED P. L., TOBIN R. S., BROWN N. E., NESS P. F. 
A prospective study of swimming-related illness. I. Swim 
ming associated health risk. Am. J. Publ. Health 75, 1068, 
1985. 

67. SHERRY J. P. Temporal distribution of faecal indicators 
and opportunistic pathogens at Lake Ontario bathing beach. 
J. Great Lakes Res. 12, 154, 1986. 

68. SISTI M., ALBANO A., BRANDI G. Bactericidal effect of 
chlorine  on  motile  Aeromonas  spp.  in  drinking water 
supplies and influence of temperature on disinfection effi 
cacy. Letters in Applied Microbiology 26, 347, 1998. 

69. SPINEDI C, GISIN M. Standard plate counts of drinking 
water: A comparison between incubation temperature of 20 

and 30°C. International Journal of Food Microbiology 11, 
93, 1990. 

70. STELZER W., JACOB J., FEUERPFEIL I., SCHULZE E. 
Untersuchungen zur Vorkommen von  Aeromonaden  in 
einem Trinkwasserversorgungssystem. Zentralbl. Microbiol. 
147, 243, 1992. 

71. VAN DER KOOIJ D., HIJNEN W. A. M. Nutritional ver- 
sality and growth kinetics of an Aeromonas hydrophila strain 
isolated from drinking water. Appl. Environ. Microbiol. 54, 
2842, 1988. 

72. VASCONCELOS G. J, ANTHONY N. C. Microbiological 
quality of recreational waters  in  the Pacific Northwest. 
Journ. Water Pollut. Control Fed. 57, 366, 1985. 

73. WHEATER D. W. F., MARA D. D., JAW AD L., ORAGUI 
J. Pseudomonas aeruginosa and Escherichia coli in sewage 
and fresh water. Water Res. 14, 713, 1980. 

74. WHEATER D. W. F., MARA D. D., ORAGUI J. I. Indi 
cator systems to distinguish sewage from stormwater run-off 
and human from animal faecal material. Chapter 21, pp. 21 
- 27 (In:) A. James and L. Evison (Ed.). Biological Indi 
cators of Water Quality. John Wiley & Sons, Chichester, 
England 1979. 

75. WIILIAMS L. A., LAROCK P. A. Temporal occurrence of 
vibrio species and Aeromonas hydrophila in estuarine sedi 
ments. Appl. Environ. Microbiol. 50, 1490, 1985. 

76. YOSHPE-PURER Y., GOLDERMAN S. Occurrence of 
Staphylococcus aureus and Pseudomonas aeruginosa in Is 
raeli coastal water. Appl. Environ. Microbiol. 53,  1138, 
1987. 

 

Niewolak S., Opieka A.194 


