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ESCHERICHIA COLIAWYBRANE GRUPY BAKTERII OPORTUNISTYCZNIE
PATOGENNYCH IPATOGENNYCH W WODZIE KAPIELISK JEZIORA WIGRY

W sezonie letnim (od czerwca do wrzesnia) 1995-1999 prowadzono badania skiadu ilosciowego
1 jakosciowego bakteril z rodziny Enterobacteriaceae (w tym Escherichia coli i Salmonella sp.) oraz bakterii
potencjalnie chorobotworczych Aeromonas hydrophila, Pseudomonas aeruginosa i Staphylococcus sp.
w wodzie 8 wybranych kapielisk jeziora Wigry. Bakterie Aderomonas hydrophila wystepowaly w wodzie
wszystkich kapielisk, najliczniej zas w wodzie pobieranej z miejsc o zwigkszonej trofii. Bakterie Pseudomonas
aeruginosa izolowano rzadko, niezaleznie od czasu i miejsca poboru préb. Bakterie z rodzaju Salmonella,
gatunku Escherichia coli 1 Staphylococcus aureus stwierdzano odpowiednio w 37 (22,6%), 68 (42,4%) i 90
(55%) na ogolng liczbg 160 przebadanych prob wody kapielisk jeziora Wigry. Stwierdzane w wodzie badanych
kapielisk (zwlaszcza w miegjscowosciach Stary Folwark, Leszczewek, i Rosochaty Rog) bakterie Salmonella
sp., Staphylococcus aureus i Aeromonas hydrophila (nawet przy braku bakterii z gatunku Escherichia coli)
sugeruja, iz ocena przydatnosci wod jeziora Wigry dla celow kapielowych na podstawie liczebnosci bakterii
grupy coli typu kalowego moze nie odzwierciedla¢ w pelni jej bezpieczenstwa dla kapiacych sig. Wyniki
przeprowadzonych badan sugeruja konieczno$¢ uwzglednienia w ocenie przydatnosci wod powierzchniowych
jeziora Wigry dla celéw rekreacji (zwlaszcza kapieli) badan na obecnos$¢ Salmonella sp., Staphylococcus
aureus, Aeromonas hydrophila i\ Pseudomonas aeruginosa. Ostatnie 3 gatunki niezwigzane bezposrednio
z zanieczyszczeniami kalowymi bywaja, bowiem przyczyna réznorodnych schorzen skornych, jamy nosowo-
gardzielowej, oczu, ucha srodkowego i szeregu innych spotykanych wérdd kapigcych sie w zanieczyszczonej
wodzie.

Summary

Studies were carried out in the summer seasons of 1995-1999 (from June to September) on the
quantitative and qualitative composition of Enterobacteriaceae bacteria (including Escherichia coli and
Salmonella sp.), and potentially pathogenic bacteria Aeromonas hydrophila, Pseudomonas aeruginosa
and Staphylococcus sp. in the water of 8 bathing sites of the Lake Wigry. deromonas hydrophila occurred
in the all samples of studied water and was the most numerous in water sampled from sites of increased
trophic levels. Irrespective of the site and time of sampling Pseudomonas aeruginosa was rarely isolated.
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In the total of 160 samples of water analysed Salmonella sp., Escherichia coli and Staphyloccocus aureus
were determined in 32 (22.6%), 68 (42.4%) and 90 (55%) samples, respectively. Pathogenic bacteria of the
genus Salmonella sp. and potentially pathogenic Staphylococcus aureus and Aeromonas hydrophila identified
in the analysed offshore waters (also when Escherichia coli were absent) suggest that the usc of the Lake
Wigry waters for swimming, falling into account faccal bactcrial counts, may not be sufficient to fully reflect
safcty conditions for bathers. The results of the rescarch suggest that the cvaluation of the Lake Wigry
surface waters for recreational use should include the frequency of the occurrence of Salmonella sp.,
Staphylococcus aureus, Aeromonas hydrophila and Pseudomonas aeruginosa. Thesc three specics, which
arc not dircctly linked to faccal contamination, can causc various discascs of the skin, nasal and oral cavitics,
cycs, internal car and other problems in people swimming in contaminated water.

INTRODUCTION

A variety of potentially pathogenic bacteria can contaminate surface waters together
with faecal bacteria, excreted to the environment by ill people, animals or by carriers. The
main source of contamination of surface waters is constituted by faecal sewage. A series of
diseases in people drinking potable water or bathing in rivers, lakes, ponds or seas as well as
in swimming pools is attributed to the presence of such potentially pathogenic and pathogenic
bacteria as those in the genera Pseudomonas, Aeromonas, Staphylococcus, Salmonella
[18, 22], bacteria of the species Helicobacter pylori [17, 34], Campylobacter jejuni, Vibrio
cholerae, Yersinia enterocolitica, genus Shigella, as well as enteroviruses, reoviruses,
rotaviruses and protozoa Entamoeba histolytica, Cryptosporidium and Giardia lamblia
[14]. Marino [20] detected a relationship between skin inflammations in bathers and the
occurrence of pathogenic microorganisms in water as Pseudomonas aeruginosa, Candida
albicans and Aeromonas hydrophila. There are ample cases quoted in the literature regarding
the effect of pathogenic organisms in water reservoirs on humans and animals. According to
Clark et al. [8], high counts of Salmonella typhimurium in a water reservoir in Gideon,
Missouri, caused food poisoning in 600 persons; 4 fatal cases were recorded. Shigella
caused 41 cases of dysentery among people swimming in the Mississippi river near Dubuque,
lowa [29]. Apart from food poisoning, many microorganisms acquired from swimming in
water can cause skin problems, illnesses of upper respiratory tract, genitourinary tract and,
sporadically, meningitis or sepsis [13].

Assessment of bacteriological quality of surface waters using classic sanitary tests
(number of Escherichia coli, faecal Escherichia coli and faecal Enterococci) can be
insufficient to reflect the actual risk of using the water for washing, drinking or other domestic
activities [23, 30]. Therefore, it seems advisable to analyze the occurrence of pathogenic
microorganisms in addition to the sanitary and bacteriological monitoring of the water
reservoir. No relationship among bacteria of the genera Salmonella, Yersinia, Campylobacter
or Aeromonas and the bacteria used as indices of faecal contamination has been confirmed
by analyses of the waters of the Foglia and Metauro rivers in Italy [25].

MATERIALS AND METHODS

AREA STUDY

Lake Wigry lies in the Suwalsko-Augustowskie Lake District in the middle of the
Wigierski National Park (Fig. 1). It is a tunnel-valley moraine lake, covering 2118.3 ha, and
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Fig. 1. Location sketch of the Wigry Lake. A, B,..., K — water sampling sites

reaching the maximum depth of 73 m. During the summer season the waters of the lake have
typical thermal layers (epi-, meta- and hypolimnion). Considerable oxygen deficits appear in
the meta- and hypolimnion of this lake. At the same time water transparency deteriorates
and the lake is more enriched in phosphorus and other macroelements. The Czarna Hancza
River seems responsible for such a state since the amount of sewage discharged to the river
from the Suwatki sewage treatment plant with tertiary treatment is about 16 to 18 thousand
m? per day [4, 36]. To the east, north and south of the lake there are a few farmyards and
summer houses.

COLLECTING OF WATER SAMPLES

Microbiological analyses conducted at monthly intervals in the summer season from
June to September, in the years 1995-1999, included the waters near the shores of eight most
popular bathing sites on Wigry Lake, in the vicinity of summer resorts, sailing harbour and
camping sites. A short description of the sampling sites can be found in Table 1. Water
samples for microbiological analyses were collected at the depth of 0.3 m directly to 250 cm?
capacity bottles with adjusted corks. In total, 20 samples were taken at each sampling site in
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the course of the study. All water samples were transported to the laboratory in containers
with ice at the temperature of 4-6°C and immediately analysed. The time between the
sampling to analyses never exceeded 12 hours.

Table 1. Location of sites for collecting water samples in the area of the Wigry Lake

Part of the lake Site Number of samples Degth
of sampling (m)
A. Bathing site Leszczewek 20 03

Zadworze Bay

B. Sailing harbour next to

Ploso Northern a camping site Stary Folwark 20 03
Zadworze Bay

C. Anchorage for

fishery/angler’s boats 20 03
Rosochaty Rég
Ploso Szyja D. ngllpixlg/ bathing site 20 03
Piaski
Ploso Middle | E- Z(?;]Z:gng/ bathing site 20 03
F. Bathing site
Bryzgiel 20 0.3
Ploso Western | H- Sailing harbour 20 03

Gawrych Ruda
K. Bathing site
Gawrych Ruda — Uklei Bay - -

MICROBIOLOGICAL ANALYSES

Microbiological analyses involved determination of the following:
" anumber of Aeromonas hydrophila bacteria in 10 and 50 cm® of water on mA agar

[27] after 24 hour incubation at 37°C;
a number of Pseudomonas aeruginosa bacteria in 100 cm® of water on an agar
medium with cetrimide (Merck) and on King A medium [6] after 24, 48 and 72 hour
incubation at 37°C and 42°C respectively;
anumber of bacteria of the family Enterobacteriaceae in 1, 10 and 50 cm?® of water
on Endo [2] and Chromocult media (Merck) after 24 and 48 hour incubation at 37°C;
the presence of Salmonella sp. bacteria in 100 cm? of water on Rambach agar media
(Merck) [26] and SS agar (Difco) after 24 hour incubation at 37°C,;
a number of Staphylococcus sp. bacteria in 50 and 100 cm® of water on Chapman’s
medium [6] after 24 and 48 hours of incubation at 37°C.

The presence of Salmonella sp. bacteria in the afore-mentioned media was determined

after previous culturing of 100 cm® water in bullion with tetrathionate according to Miiller-
Kauffman (Merck) for 24 hours at 37°C [10].

For other groups of bacteria sterile Millipore membrane filters with pores 0f 0.22 pmin

diameter were used to condense the bacteria from water samples; next, the filters were
placed on the surface of the media in Petri plates and incubated at the specified temperature
for the desired period of time. After incubation typical colonies were counted.
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To determine the count of Aeromonas hydrophila bacteria, yellow coloured colonies
were counted. In order to confirm the presence of Aeromonas hydrophila, each colony was
additionally subjected cytochrome oxidasis test.

The occurrence of Pseudomonas aeruginosa was verified under the light of a Wood
UV lamp; colonies which produced pyocyanin were counted.

Typical Enterobacteriaceae colonies grown on Endo and Chromocult media,
Salmonella sp. on Rambach-agar and SS agar media and Staphylococcus sp. on Chapman’s
medium were inoculated onto the agar-bullion medium with 2% glucose and 5% sheep
blood added [6] in order to multiply the bacteria and detect haemolysins.

Additionally, bacteria of the family Enterobacteriaceae were analysed for the
production of B-D-glucuronidase on Fluorocult medium (VRB agar — Merck), catalase (using
3% hydrogen peroxide solution) and cytochrome oxidase (using 1% tetramethylo-p-
phenylduoamine solution); Salmonella sp. bacteria were analysed for their capability to
produce flagellar antigen using agglutinating serum for HM antigen (Biomed) [6]. They
were finally identified with API 20E tests (bioMerieux).

In addition to testing for haemolysins, Staphylococcus sp. were also checked for their
capability of producing coagulase enzyme using lyophilized rabbit plasma with EDTA. Final
identification was carried out with API STAPH tests (bioMerieux).

All the determinations were preceded by determination of motility of bacteria and their
response to staining by the complex Gram’s method.

RESULTS AND DISCUSSION

Bacteria of the family Enterobacteriaceae, and Salmonella sp. in particular, as well as
bacteria of the genera Staphylococcus, Pseudomonas aeruginosa and Aeromonas
hydrophila are an important measure of the assessment of the sanitary status of waters used
for recreational purposes, especially for swimming [1, 15]. This paper reports fluctuations in
the contamination of water with those microorganisms depending on the location of sampling
sites and time of sample collection. The range of fluctuations in the count of Aeromonas
hydrophila (from 100 cfuin 100 cm?® of water at site K in July to 1.5 thousand cfu in 100 cm?
of water at site A in September 1999), and the mean number of those bacteria in the analysed
waters did not diverge from the figures quoted in the literature concerning waters in some
rivers and lakes in various climatic zones. Kersters ez al. [16] determined between 10 thousand
to | million cfu in 1 dm? of surface waters in Belgium, with maximum counts found in summer,
when the temperature of water was above 15°C. As a rule, the count of Aeromonas sp.
bacteria in the waters of the Wigry Lake reached the highest values in August and September
(Table 2), especially at sites A (near the village Leszczewek), B (a camping site at Stary
Folwark) and C (near the village Rosochaty Rog) located on Ploso Northern, at the mouth of
the Czarna Hancza river. Aeromonas commonly found in water reservoirs [33] were most
frequent around the sites of sewage discharge [5, 25], where the amount of nutrients was
highest, although their faecal origin is disputable [3]. The count of Aeromonas bacteria in
offshore waters of lakes can also be influenced by the presence of waterfowl. Levesque et
al.[19], who investigated lake waters at bathing sites in Quebec (Canada), found from 6 x 10°
to 1.2 x 107 cfu of Aeromonas hydrophila in 1 g of excrements of seagulls. Some authors
claim that Aeromonas hydrophila is a bacterium that shows the trophic state of water



Table 2. The number (cfu/100 cm® of water) of Pseudomonas aeruginosa and Aeromonas hydrophila in the bathing sites water of the Lake Wigry in the years

vL

VISMIINIZYON vMd

1995-1999
Ps. aeruginosa A. hydrophila

Sites 1995 1996 1997 1998 1999 1999
VI |VII|VII| IX [mean | VI [VII| VIII[IX | mean | VI |VII|VII|IX | mean | VI |VII|VII|IX | mean | VI |VII|VII|IX|mean | VI | VII | VIII IX | mean
A 2122 212 7(46| 0 2|0 1216710 0] 0 17100 0] 0 oOofof4]0]0 1| 274 | 320 | 410 | 1540 636
B 214 3]2 3112|120 28| 0 15|81 0] O0fO0 20(0f[0] 0f2 1102210 6| 194 350 530 | 1340 604
C 216|142 4111 (16| 26| 0 131360 0] 0 slofofofo 0]3]0] 0f10 3] 344] 320 690 | 900 664
D 0]2]2]0 1] 812 60 71010 0]0 olojJofoOo]oO ojojojlofo 0] 290| 280 | 370 840 445
E 0]4] 3]0 216112 410 61910 0] 0 23(0f0] 0f0 ol2f2(0]0 1] 164| 350 | 670 1200 596
F 014] 3]0 211014 6|0 gl1o0jof O0fO0 0jJojJo] oo of4jofO0]oO 1| 220 570 | 450 | 450 423
H 2131 413 6 (20|16 410 Wwfofjofo]o 0Ojojo]ofo of12f{ofo]o 3| 216 220 450 | 480 342
K 213 3]2 31201 2 210 6(2]12] 014 2100 o0f0O ofof2]o0]0 0] 296 230| 790 | 470 447
frol\rgs;i?es 2 S131]2 3 171121 10 ] 0 10 [35[/0f 01 9 ofojlofo 0 11131 3 250 | 330 | 420 887 472




Table 3. The number (cfu/100 cm?® of water) of bacteria from family Enterobacteriaceae in the bathing sites water of the

Lake Wigry in the years 1995-1999

Years

Sites 1995 1996 1997 1998 199,
VI | VIl viI| IX mean | VI | VII| VIII| IX | mean| VI | VII | VIII| IX mean | VI VII | VIO IX mean | VI | VII [ VII X mean
A 1350{1600| 2700 S100| 2688|2470| 70| 796( 266 900 | 830| 2350|35800(10100 12770| 5045147100| 70300{397700| 130036{ 1500 2500{ 4500| 4600| 3275
B 230| 364]10800| S570| 2991(1530| 290| 422| 272 6291600 2700(72200| 3000| 19875 1425]73500/174700{117900| 91881| 1600 6200]10900| 4000| 5675
C 2420(3280112600| 5300 S5900|3100| 460 (3280(1700] 2135|2350[14000| 8200| 7100| 7913| 2125| 4000[450000] 40800 124231}4300(13500] 9000( 3700| 7625
D 248 | 680 1230 980 785(1250( 180 1700{ 390 880 118 5320| 2400] 3600| 2860 460| 7700| 15000 6900| 7515[4700| 8300| 5400] 1600| 5000
E 1320 1540(11200| 2100| 4040|2870| 270|3420| 976| 1884|3020| 8360| 490 1700 3393] 955]|53900| 8400| 2900| 165392500 5700 7500| 2800| 4625
F 1100|1420 4540 1940| 2250|1280] 115]1980| 542 9791290 1380 2200| 2500 1843] 3200/52100| 24100| 20100| 24875|1200| 2300| 4800| 1400| 2425
H 340013790[14000| 5400| 6648 456| 701650 380 639| 500 20| 3860| 2700| 1770| 2305| 4400| 6900| 6900| 5126(4300( 4800[17900| 3100f 7525
K 400 408 | 3720| 1590 1530|5000( 130| 950| 190| 1568|1140| 1400| 1100| 6100| 2435[22500] 6500 6000 21100| 140256000 2600]10900f 6800| 6575
f\'ol\li‘xe;%'r:es 1309 1635 7599 | 2873 | 3354 [2245( 198|1775| 590 | 1202 |1356| 4441 |15783| 4600 | 6545| 4752|31150| 94425 76788| 51779 | 3611 8878]|10567| 31200| 13564
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reservoirs, which again is questionable [28].

Small numbers of Pseudomonas aeruginosa bacteria were detected in the offshore
waters of the Wigry Lake throughout the whole period of analyses, regardless of the time
and site of sampling, but the count never exceeded 90 cfu in 100 cm? of water at site E (near
the village Zakaty) in June 1997. Failure to determine their occurrence in as much as 250 cm?
of water was not uncommon (Table 2). Pseudomonas aeruginosa are highly susceptible to
UV rays of sunlight [9], as a consequence of which even if they were present in the shallow
offshore waters of the Wigry Lake, they could be eliminated from water.

The count of bacteria of the family Enterobacteriaeace in the waters of the Wigry
Lake ranged from 20 cfu in 100 cm? of water in July 1997 at site H (near the village Gawrych
Ruda) to 450 thousand cfu in September 1998 at site C (near the village Rosochaty Rog).
During observations, and especially in 1998, the most severe contamination with these
bacteria was determined in August and September (Table 3) at sites A (near Leszczewek),
B (the Stary Folwark camping site) and C (near the village Rosochaty Rég). This is due to the
location of the three sites (on Ploso Northern, polluted with the waters of the Czarna Hancza
River). Enterobacter cloacae, Enterobacter agglomerans, Escherichia coli and Citobacter
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Fig. 2. Number and qualitative composition of Enterobacteriaceae bacteria in the water of bathing
sites (A,...,K) on Lake Wigry (mean in 100 cm® of water in the years 1995-1999)
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Table 4. Number (a) and percent (b) of different species from family Enterobactericeae bacteria in the
bathing sites water of the Lake Wigry in the years 1995-1999

Years
Species Mean
1995 1996 1997 1998 1999 1995-1999
Citrobacter braakii 1932° 576 - - 9280 2358
(18)° (1.5) (1.9) (0.5)
Citrobacter diversus - - - 277740 - 55548
(16.9) (11.2)
Citrobacter freundii 9550 1000 4398 - 2930 3576
(8.9) (2.6) 2.1) (0.6) (0.7)
Escherichia coli 19740 4920 34300 294170 17100 74046
(18.4) (12.8) (16.4) (17.9) (3.5 (14.9)
Enterobacter 4400 2420 17380 149550 5870 35924
aerogenes (4.1) (6.3) (8.3) (9.1) 1.2) (1.2)
Enterobacter 31015 10152 45864 463440 - 110094
agglomerans (28.9) (26.4) (21.9) (28.2) (22.1)
Enterobacter 3220 1500 2304 19720 3400 6029
amnigenus (3.0) (3.9) (1.1) (1.2) (0.7) (1.2)
Enterobacter asburiae 4615 4384 20524 118326 57650 41100
(4.3) (11.4) (9.83) (7.2) (11.8) (8.3)
Enterobacter cloacae 15240 5150 44190, 157770 335500 111570
(14.2) (13.4) (21.1) (9.6) (68.7) (22.4)
Enterobacter 215 230 438 - 500 277
sakazakii (0.2) (0.6) (0.2) (0.1) (0.1)
Klebsiella ozenae 2040 808 18850 35155 - 11370
(1.9 (2.1) (9.0) (2.2) 2.3)
Klebsiella 536 7 210 1660 - 497
pheumoniae (0.5) (0.2) (0.1) (0.1) (0.1)
Proteus penneri 644 270 - 1650 490 611
(0.6) (0.7) (0.1) (0.1) (0.1)
Proteus vulgaris - 38 208 3.284 - 706
(0.1) (0.1) (0.2) (0.1)
Providencia 536 460 1050 3290 - 1067
alcalifaciens (0.5) (1.2) (0.5) (0.2) (0.2)
Providencia rettgeri 107 308 420 1644 - 496
(0.1) (0.8) (0.2) (0.1) (0.1)
Salmonella arizonae 1930 615 212 31224 3900 7576
(1.8) (1.6) (0.1) 1.9 (0.8) (1.5
Salmonella sp. 214 423 - = 9800 2087
(0.2) (1.1) (2.0) (0.4)
Serratia liquefaciens 6010 2346 - — 26370 6945
(5.6) (6.1) (5.4) (1.4)
Serratia odorifera 106 78 208 3.286 480 832
(0.1) (0.2) (0.1) (0.2) (0.1) (0.2)
Serratia rybidaea 104 38 - - 484 125
(0.1) (0.1) (0.1) (0.1)
Shigella desynteriae 966 440 - - = 281
0.9 (1.1) (0.1)
Yersinia kristensenii 105 77 210 - - 78
(0.1) (0.2) (0.1) (0.1)
Other 4095 2145 18662 81506 14546 24190
(3.8) (5.6) (8.9 (4.9) 3.0 (4.8)
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diversus were the most numerous bacteria of the family Enterobacteriaceae (Fig. 2, Table 4).
Respectively, they amounted to 22.4, 22.1, 14.9 and 11.2% of the total number of
Enterobacteriaceae. Escherichia coli occurred in 42.4% of the samples, whereas Sa/monella
sp. bacteria were found in 22.6% of the samples. Salmonella sp. bacteria, as well as bacteria
of family Enterobacteriaceae, were most numerous at sites A, B and C (on Ploso Northern)
and at site F (near the village Bryzgiel). The occurrence of Salmonella sp. bacteria in the
waters of the Wigry Lake could have been caused not only by a great number of people
swimming in the lake every summer, but also by water birds living near the shores of the lake.
Levesque et al. [19] reported that excrements of seagulls inhabiting lakes near Quebec
(Canada) contained from 1.1 x 10°to 2.4 x 107 Salmonella cfu per 1 g, with S. brandenburg,
S. agona, S. hadar and S. typhimurium being the most numerous serotypes. Niemela and
Niemi [23] investigated waters of rivers and small lakes in Finland whose catchments were
not inhabited by humans, unused by agriculture or polluted by industries, and found out
that Serratia fonticola (26%), Escherichia coli (23%) and Enterobacter cloacae (13%)
were the most frequent representatives of the family Enterobacteriaceae, whereas
Citrobacter freundii and species of the genus Klebsilla were found only in waters
contaminated by domestic and industrial wastewaters. Krémery [18] compared the qualitative
composition of bacteria of the family Enterobacteriaceae in swimming waters of small lakes
in Bratislava and in the water of the Danube to find out that 30% of the bacteria in water
contaminated with human excrements belonged to the species Klebsiella. In the summer
season the count of bacteria of the family Enterobacteriaceae varied from 10° to 10° cfu in
1000 cm?, with Enterobacter cloacae and Citrobacter freundii being the dominant species.
Outside the season Escherichia coli and Enterobacter cloacae dominated. The author
claimed that the presence of bacteria of the genus Citrobacter was indicative of some
contamination in more distant past.

The count of bacteria of the genus Staphylococcus in the offshore waters of the
Wigry Lake reached the maximum of 1.1 thousand cfu in July 1999 atssite C (near the village
Rosochaty Rog). Those microorganisms were also frequent at sites A (near Leszczewek),
B (Stary Folwark camping site) and H (the sailing harbour at Gawrych Ruda), especially in
July (Table 5). Increased contamination with those bacteria noticed in the summer could
have resulted from more intense use of the lake waters by bathers. Charoenca and Fujioka
[7] as well as Soli¢ and Krstulovié [32] determined a relationship between the number of
people bathing in a lake and increase in the number of Staphylococcus aureus in water.
Those bacteria are more tolerant to UV sunrays, salinity and water temperature compared
with Escherichia coli. Taking into consideration frequency of bacteria of the genus
Staphylococcus in reactant waters, Favero et al. [11] suggested that the upper limit on the
count of those bacteria should be established for waters used for swimming at the level of
100 cfu in 100 cm?®. Over 70% of samples collected from Wigry Lake failed to meet this
requirement. As regards the qualitative composition of Staphylococcus bacteria, the
following species prevailed: Staphylococcus capitis, Staphylococcus cohnii,
Staphylococcus lentus and Staphylococcus xylosus (Fig. 3, Table 6). Staphylococcus aureus
was determined in approximately 55% of the water samples analysed. This percentage was
even higher in 1995 and 1998. Similar frequency of Staphylococcus aureus (52.5%) was
found by Soli¢ and Krstulovié [32] in the Adriatic Sea waters near Split. In the offshore
waters of the Wigry Lake, this species constituted 6.4% of the total population of genus
Staphylococcus (Table 6). More numerous were Staphylococcus capitis and Staphylococcus



Table 5. The number (cfu/100 cm® of water) of bacteria from Staphylococcus genus in the bathing sites water of the Lake Wigry in the years 1995-1999

Cf

Years

Sites 1995 1996 1997 1998 1999
VI| VII| VOI| IX | meéan| VI | VII| VIII| IX | meéan | v[ [ VII | VIOI| IX | mean| VI | VI [ VIII IX | mean| VI | VI | VII| IX mean
A 310 | 586 | 576 4 369 | 82 (374 16 78 138 [ 198 | 272 | 478 | 454 351 340 | 350 210 434 334 714 | 380 | 384 282 440
B 257 446 | 552 1 314 348 (330 26| 64 192 | 178 | 238 | 268 | 428 278 | 438 | 332 282 306 | 340 672 | 400 | 244 330 412
& 110 | 432 | 570 12 281 | 1601208 | 139 | 88 149 60| 208 150 [ 518 234 274 | 474 | 1098 78 481 | 168 [ 1140 | 860 220 597
D R | 171 ] 169 2 110 ] 110 (212 27| 92 10| 18| 138 52| 378 147 76 | 140 78 54 871290 | 422 174 120 251
E 1441 430 322 | 28 231 98 | 164 | 42 76 95 78 154 36 328 149 172 | 396 22 32 156 | 840 | 660 | 328 138 492
F 280 | 416 384 | 11 273 | 128|271 | 29| 98 132 (292 196 | 202 | 188 220 | 422| 392 60 72 237 | 368 [ 508 | 344 138 340
H 345|406 | 322 22 274 | 113|206 | 36 | 98 113 | 308 | 242| 908 | 136| 399 | 690 632 78 114 | 3791000 | 540 | 296 192 507
K 3501290 132 62 209|430 (134 | 46 | 112 181 62| 156| 106 | 110 109 | 104 180 128 58 118 [ 440 | 434| 182 136 298
frgﬁrzzs?tes 237|397 378 | 18 | 258 | 184 237| 45 | 88 176 | 149|201 | 275 318 | 236 | 315 | 362 | 245 144 | 266 | 618 | 548 | 339 | 220 414
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Fig. 3. Number and qualitative composition of bacteria from Staphylococcus genus in the water of
bathing sites (A,..., K) on Lake Wigry (mean in 100 cm® of water in the years 1995-1999)

cohnii (35.5% and 25.1% respectively); Staphylococcus lentus and Staphylococcus xylosus
made up 10.8 and 6.9%, respectively, of the population of the genus Staphylococcus.
Charoneca and Fujioka [7] found that Staphylococcus hominis (23%), Staphylococcus
warneri (23%) and Staphylococcus aureus (13%) prevailed among bacteria of the genus
Staphylococcus in the sea baths waters. However, when analysing waters of ditches, streams
and small lakes in Finland, Ahtiainen et al. [1] isolated mainly Staphylococcus aureus
(18%), Staphylococcus warneri (14%), Staphylococcus hominis (13%) and Staphylococcus
epidermis (13%). For practical purposes, frequency of isolation of Staphylococcus aureus
versus frequency of occurrence of Escherichia coli is important. In the bathing waters of
the Lake Wigry Staphylococcus aureus was isolated in 10% of the samples at the absence
of faecal coliforms in 100 cm?® of water. For comparison, Favero [12], Seyfried et a/. [31] and
Yoshpe-Purer and Golderman [35] were able to state that about 8% of samples contained
Staphylococcus aureus without any bacteria of faecal Escherichia coliin 100 cm? of water.
The relevant percentage was 13% in the study reported by Mates and Schaffer [21]. It is
then recommendable to make tests on the presence of Staphylococcus aureus in addition to
analyses on the count of Escherichia coli, faecal enterococci and Clostridium perfringens.
The latter faecal bacteria do not produce complete picture of the sanitary status of offshore
waters and threats connected with their recreational use.

The presence of potentially pathogenic bacteria in water at sites A, B and C (situated
on Ploso Northern) can be attributed to great numbers of people using the bathing sites,
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Table 6. Number (a) and percent (b) of different species of bacteria from Staphylococcus genus in the
bathing sites water of the Lake Wigry in the years 1995-1999

Speci Years
pecies ) —
1995 1996 1997 1998 1999 1995-1999
Staphylococcus aureus 3051 97 1358 810 222 2792
3.7) 22) (18.0) (9.5) (15) (6.4)
Staphylococcus cohnii 2660 1826 4901 878 704 10969
(32.3) (412) | (650) | (10.3) @an @25.1)
Staphylococcus hemoliticus - 196L) ; 19‘;) " 81) - (:)3 ;1)
Staphylococcus epidermidis - ( 3‘;) (0101 : (563) = ((;72)
Staphylococcus capitis e 1092 680 6162 4822 15508
(33.5) (24.6) (9.0) (72.4) (32.3) (35.5)
Staphylococcus warneri 488 79 254 24 980 1825
(5.8) (1.8) 3.4 (0.3) (6.6) (4.2)
Staphylococcus sciuri 626 247 22 6 68 969
(7.6) (5.6) (0.3) (0.1) 0.4) (2.2)
Staphylococcus xylosus - 382 13 208 2426 3029
(8.6) 0.2) (2.4) (16.3) (6.9)
e - 32 18 - - 50
Staphylococcus schleiferi 0.7 ©.2) i
Staphylococcus hominis 8 22 2 6 26 64
(0.1) (0.5) (0.1) (0.1) (0.2) (0.1)
Staphylococcus lentus 1268 182 36 - 3244 4730
(15.4) (4.1) (0.5) (21.8) (10.8)
Staphylococcus caprae - 207 50 244 1334 1833
(4.6) (0.7 (2.9) (8.9) (4.2)
Staphylococcus simulans - 124 - - 800 924
2.8) (5.4) 2.1)
Staphylococcus saprophyticus - 60 = 34 126 220
(1.4) (0.4) (0.8) (0.5)
Staphylococcus chromogenes 12? 22 - - 10 156
- (1.5 (0.5) (0.1) (0.4)
Other 9 25 100 84 144 362
(0.1) (0.5) (1.2) (0.9) (1.0) (1.0)

camping sites or sailing harbours situated near the three villages and to pollutants flowing to
Ploso Northern of the Lake Wigry from the Czarna Hancza River. According to the data
quoted by Niewolak and Opieka [24], waters of the Czarna Hancza analysed at the river
mouth in 1996 contained up to ten thousand cells in 100 cm? of Aeromonas hydrophila and
Staphylococcus sp., although Psedomonas aeruginosa appeared in low numbers.

About 2000 people may have been using the baths at sties A and B every summer, with
another 700 bathers at site C (“Report on accommodation at the Wigierski National Park and
its utilisation”, Wigierski National Park, private information). Relatively high contamination
of water at site F (near Bryzgiel locality) could have been caused by sewage leaking from
cesspools in the village Bryzgiel, which is situated higher than the water table of the Lake

Wigry.
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CONCLUSIONS

Higher bacteriological contamination of the offshore waters of the Lake Wigry at
Stary Folwark (A), Leszczewek (B) and Rosochaty Rog (C) is related to intensive use
of those waters for recreational purposes and to increased bacteriological
contamination of open waters of Ploso Northern near the Hanczanska, Zadworze
and Wapiennica bays.
Salmonella sp., Staphylococcus aureus and Aeromonas hydrophila determined in
the analysed offshore waters (also when Escherichia coli were absent) suggest that
the evaluation of the Lake Wigry waters for swimming taking into consideration the
count of faecal bacteria may not be sufficient to fully reflect safety conditions for
bathers.
The results of the research suggest that when evaluating of the Lake Wigry surface
waters for recreational purposes it is necessary to take into account the frequency of
Salmonella sp., Staphylococcus aureus, Aeromonas hydrophila and Pseudomonas
aeruginosa.

The authors are grateful to the Board of the Wigierski National Park for their

permission to carry out the research in the Park. We owe special thanks to Zdzistaw
Szkirué¢ and Lech Krzysztofiak for their friendly encouragement.

9]
(10]
(11]

[12]

REFERENCES

Ahtiainen J., M. Niemi, H. Jousimies-Somer: Staphylococci in polluted waters and in waters of
uninhabited areas, Wat. Sci. Techn., 24, 103-108 (1991).

APHA (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, Washington, D.C. 9-1-9-147, 1992.

Araujo R.M., RM. Arribas, R. Pares: Distribution of Aeromonas Species in Waters with Different
Levels of Pollution, ). Appl. Bacteriol., 71, 182-187 (1991).

Bajkiewicz-Grabowska E.: Sie¢ hydrograficzna, warunki odplywu i wymiany wod w jeziorach [in:]
Jeziora Wigierskiego Parku Narodowego, Stan eutrofizacji i kierunki ochrony, Opracowanie zbiorowe
pod redakcja B. Zdanowskiego, PAN, Komitet Naukowy przy Prezydium PAN, Cztowiek i Srodowisko,
Zeszyty Naukowe 3, Wroctaw — Warszawa — Krakéw, Zaktad Narodowy im. Ossolinskich, 21-34, 1992.
Bernagozzi M., F. Bianuzzi, R. Sacchetti: Prevalence of Aeromonas spp. in surface waters, Water
Environ. Res., 67, 1060-1064 (1995).

Burbianka M., A. Pliszka: Mikrobiologia zywnosci, Mikrobiologiczne metody badania produktéw
Zywnosciowych, Panstwowy Zakilad Wydawnictw Lekarskich, Wyd. IV, Warszawa 1983.
Charoenca N., R.S. Fuijoka: Assessment of Staphylococcus bacteria in Hawaii's marine recreational
waters, Wat. Sci. Tech., 27, 283-289 (1993).

Clark R.M., E.E. Geldreich, K.R. Fox, E.W. Rice, C.H. Johnson, J.A. Goodrich, J.A. Barnick,
F. Abdesaken, J.E. Hill, F.J. Angulo: A waterborne Salmonella typhimurium outbreak in Gideon,
Missouri: results from a field investigation, International Journal of Environmental Health Research,
6, 187-193 (1996).

De Vicente A., M. Aviles, J.J. Borrego, P. Romero: Die-off and Survival of Pseudomonas aeruginosa
in Freshwater, Zbl. Bakt. Hyg. B, 185, 534-547 (1988).

Ewing W.H.: Ewards and Ewing identification of Enterobacteriaceae, 1V ed. Elsevier, New York,
Amsterdam, Oxford 1985.

Favero M.S., C.H. Drake, G.B. Randall: Use of Staphylococci as indicator of swimming pool
pollution, Public Health Rep., 79, 61-70 (1964).

Favero M.S.: Microbiologic indicators of health risks associated with swimming, Am. J. Public
Health, 75, 1051-1053 (1985).



ESCHERICHIA COLI AND OTHER GROUPS OF 83

[13]
[14]
[15]

(16]

[17]
[18]

(19]

[26]
(27]
(28]
[29]
(30]

[(31]

[32]
[33]
[34]
[35]

[36]

Geldreich E.E.: Opportunistic Organisms and the water supply connection, Presented at the
AWWA Water Quality Conference, Orlando, Floryda, 12 November 1991, 822-842 (1991).
Geldreich E.E.: Pathogenic agents in freshwater resources, Hydrobiological Processes, 10, 315-
333 (1996).

Guimaraes V.F.,, M.A.V. Araujo, L.C.S. Mandonca-Hagel, A.N. Hagler: Pseudomonas aeruginosa
and other microbial indicators of pollution in fresh and marine waters of Rio de Janeiro, Brazil,
Environmental Toxicology and Water Quality, An International Journal, 8, 313-322 (1993).
Kersters 1., L. Van Vooren, G. Huys, P. Janssen, K. Kersters, W. Verstraete: Influence of temperature
and process technology on the occurrence of Aeromonas species and hygienic indicator organisms
in drinking water production plants, Microb. Ecol., 30, 203-218 (1995).

Klein P.D., D.Y. Graham, A. Gaillour, A.R. Opekun, E. O’Brian Smith: Water source as risk factor
Jor Helicobacter pylori infection in Peruvian children, Lancet, 337, 1503-1506 (1991).
Krémery V.: Enterobacteriaceae and other Gramnegative Bacteria in the Water of Lakes Used as
Open Air Baths Around the City of Bratislava, Zbl. Bakt. Hyg., I Abt. Orig. B. 177, 334-341 (1983).
Levesque B., P. Brousseau, P. Simard, E. Dewailly, M. Meisels, D. Ramsay, J. Joly: Impact of the
Ring-Billed Gull (Larus delawarensis) on the Microbiological Quality of Recreational Water,
Appl. Environ. Microbiol., 59, 1228-1230 (1993).

Marino F.J.: Microbiological-Epidemiological Study of Selected Marine Beaches in Malaga (Spain),
Wat. Sci. Tech., 31, 815-819 (1995).

Mates A., M. Schaffer: 4 simple method for counting Staphylococcus aureus in swimming pool
water, Microbios, 46, 45-49 (1986).

Miescier J.J., V.J. Cabelli: Enterococci and other microbial indicators in municipal wastewater
effluents, J. Water Pollut. Control Fed., 54, 1599-1606 (1982).

Niemela S.I., R.M. Niemi: Species distribution and temperature relations of coli form populations
from uninhabited watershed areas, Toxicol. Assess., 4, 271-279 (1989).

Niewolak S., A. Opieka: Potentially Pathogenic Microorganisms in Water and Bottom Sediments
in the Czarna Hancza River, Polish Journal of Environmental Studies, 3, 183-194 (2000).
Pianetti A., W. Baffone, F. Bruscolini, E. Barbieri, M.R. Biffi, L. Salvaggio, A. Albano: Presence of
several pathogenic bacteria in the Metauro and Foglia Rivers (Pesaro-Urbino, Italy), Wat. Res.,
32, 1515-1521 (1998).

Rambach A.: New plate medium for facilitated differentiation of Salmonella spp. from Proteus
spp. and other enteric bacteria, Appl. Environm. Microbiol., 56, 301-303 (1990).

Rippey S.R., V.J. Cabelli: Membrane filter procedure for enumeration of Aeromonas hydrophila in
fresh waters, Appl. Environ. Microbiol., 38, 108-113 (1979).

Rippey S.R., V.J. Cabelli: Occurrence of Aeromonas hydrophila in limnetic environments: relationship
of the organism to trophic state, Microb. Ecol., 6, 45-54 (1980).

Rosenberg M.L., K.K. Hazlet, J. Schaefer, J.G. Wells, R.C. Pruneda: Shigellosis from swimming,
J. Am. Med. Assoc., 236, 1849-1852 (1976).

Sayler G.S., J.D. Nelson, A. Justice, R.R. Colwell: Distribution and significance of fecal indicator
organisms in the upper Chesapeake Bay, Appl. Microbiol., 30, 625-638 (1975).

Seyfried P.L., R.S. Tobin, N.E. Brown, P.F. Ness: 4 prospective study of swimming-related illness:
1. Swimming-associated health risk, 1I. Morbidity and the microbiological quality of water, Am.
J. Public Health, 75, 1068—1075 (1985).

Soli¢ M., N. Krstulovié: Presence and Survival of Staphylococcus aureus in the Coastal Area of
Split (Adriatic Sea), Marine Pollution Bulletin, 28, 696-700 (1994).

Van der Kooij D., WA.M. Hijnen: Nutritional versatility and growth kinetics of an Aeromonas
hydrophila strain isolated from drinking water, Appl. Environ. Microbiol., 54, 2842-2851 (1988).
West A.P., M.R. Millar, D.S. Tompkins: Effect of physical environment on survival of Helicobacter
pylori, J. Clin. Pathol., 45, 228-231, 1992. .

Yoshpe-Purer Y., S. Golderman: Occurrence of Staphylococcus aureus and Pseudomonas aeruginosa
in Israeli coastal water, Appl. Environ. Microbiol., 53, 1138-1141 (1987).

Zdanowski B., A. Karpinski, S. Prusik: Warunki srodowiskowe wod jezior Wigierskiego Parku
Narodowego, [in:] Jeziora Wigierskiego Parku Narodowego, Stan eutrofizacji i kierunki ochrony,
Opracowanie zbiorowe pod redakcjg B. Zdanowskiego, PAN, Komitet Naukowy przy Prezydium
PAN, Cztowiek i Srodowisko, Zeszyty Naukowe 3, Wroclaw — Warszawa — Krakow, Zaktad Narodowy
im. Ossolinskich, 35-62 (1992).

Received: November 11, 2004; accepted: February 4, 2005



