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Abstract 

This paper presents the results of sanitary and bacteriological analyses of water and bottom sediments of an 
artificially aerated eutrophic Lake Starodworskie, Mazurian Lakeland, performed in 1986-1988. Analyses of 
water (in a yertical and horizontal profile) and of bonom sediments (from the 0-5 cm layer) were performed on 
fiye staions; samptes were collected at monthly interyals: in 1986 when aeration was of bw density; in 1987, 
when it was intensiye; and in 1988, under the ice coyer. The following indices were determined: TyC 20°C, 
TVC 37°C, TC, PC and PS. Numbers of micro-organisms belonging to these groups in water and bottom 
sediments were different in 1986 and 1987 and rebated to the intensity of aeration, distance from the lake shore, 
depth, and season, and atmospheric conditions. Bacteriobogical purity of water and bnttom sediments was 
defined based on the usual water quabity criteria, water suitability for recreationab use, lake loading with organic 
matter easily decomposed by bacteria, and its toading with pollutants originating from humans and animabs. 
Tbe results suggest that the majority of water samples were dean or only slightly polluted, and loading of lake 
sediments with easily decomposed organic matter was relatiyely bw, but they were fairly polbuted with animal 
faeces. Pollution of water and of bnttom sediments was higher in the first year nf aeration than in the second 
one. 

Keywords: Eutrophic lake, artificiab aeration, water and bnttom sediments, sanitary eyaluation, indicatory 
micro-organisms, bacteria 

Introduction 

Increasing eutrophication and deteriorating sanitary and ba-
cteriobogical quality of surface waters limit or eyen make 
impossible their use for recreation, water supply, fisheries, 
etc. This situation is connected with excessiye discharge of 
domestic sewage ann industrial poHution, as weil as with an 
inflow of nutrients, pathogenic bacteria, yiruses and other 
parasites from agricultural lands. Enrichment of surface 
waters with nutrients leads to massiye bbooms of blue-green 
atgae, folbowed by secondary water pollution caused by 
the decay of these plants. Dead plants decompose using 
oxygen so that its resources in the hypolimnion become 
depleted and subsequent decomposition must take place 
almost exclusiyeby in anaerobic conditions. Anaerobic de-
composition of organic matter is yery slow, and the inter-
mediate products (amnonia, hydrogen subphide, indol, sca-
tol, organic acids) are toxic to the organisms which take 
place in the self-purification of water. In addition, this lack 
of oxygen excludes fish from deeper water bayers. Polbuted 
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water can also potentially cause gastric probbems, both in 
humans as weil as domestic and wild animais. Counterac-
tiye measures are connected with the elimination of point 
and aeriat sources ofpobbution, and in drastic cases with the 
need to undertake costly recultiyation programmes. Lake 
aeration belongs tn the batter group; it can be performed 
either with a lake destratification or aerating the hypolim-
nion bayer so as not to destroy the natural thermal regime. 
Literature on the subject is fairby yast; mention can be 
made here of such works as McQueen et al. [16, 17], Os-
gord and Stiegler [22], Steinberg et ab. [23, 24, 25], Toetz 
[27, 28], Thomdorfe and Boyd [29], and Visser et ab. [30]. 
The majority of these papers deal with the effects of aera-
tion on physico-chemicab parameters of lake water, phyto-
and zooplankton production as webl as fish. Studies on the 
effect of bake and reseryoir aeration upon sanitary and bac-
teriobogicat characters are scarce and limited to a few pa-
pers only [4, 14, 16, 20, 21]. In the studies carried out on 
Lake St. George (Ontario, Canada) there were no differen-
ces in the numbers of saprophytic bacteria at the station 
where the hypotimnion was aerated compared to the cont-
roI (with no aeration). Tbere were also no differences as to 
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the biochemical actiyity of the respectiye bacteria measu-
red using an INT-formazan reduction technique [16]. It was 
found in the studies on Lake Mutek (Mazurian Lakeland, 
Poland) that whole take aeration caused in the first year 

a noticeable deterioration of bacteriotogical water quality, 
this being caused by the passage of micro-organisms ha-
ying sanitary importance from the bottom sediments to lake 

water. In subsequent years, howeyer, water quality impro-
yed [14, 20, 21]. It is known from earlier data [4, 81 that 
long-term water mixing caused by aeration may decrease 
suryiyal of indicatory bacteria and improye bacteriological 
quatity of water. 

The objectiye of these studies was to study the effect of 
aeration upon sanitary and bacteriologicat quality of eutro-
phic Lalce Starodworskie, Olsztyn, Mazurian Lakeland. 
The lalce was aerated with an aerator driyen by wind force. 
It has been an experimental lake fora number of years - its 
recultiyation is carried out by the Department of Water and 
Sewage Chemistry and Technology of the Uniyersity of 
Agriculture and Technology in Olsztyn [7, 11, 12, 15]. 

Material and Methods 

Lake under Study 

Lake Starodworskie (Fig. 1) is located within the ad-
ministratiye boundaries of the town of Olsztyn in Mazurian 
Lakeland. It is smali but fairly deep; its basin is cone-sha-
ped. Basia siopes" angle is 20-25°. There is one deep place 
(„kettle" - 23.3 m). Lake area is 6.7 ha, water yolume 
549,900 m3. The lake is partly surrounded with moraine 
hills oyergrown with grass, with some bouses here and 
there. There are also smali gardens and a horse-riding 
school in the lake yicinity. The lalce has no natural inflows, 
and the only outflow flows to the Łyna Riyer catchment. 
The catchment area of the lake embraces 24 ha. This water 
body is characterized by considerable stabitity of water 
masses, so it has been classified as a eutrophic lake of 
bradymictic type [7, 11]. According to Lossow (11] „after 
a brief spring oyerturn, which usually embraces water 
masses down to 12 m depth, thermal aud oxygen stratitication 
rapidiy sets in, with a shaliow 3 m epilimnion in summer, 
and the thermocline at a depth of S m, and yery stable 
hypolimnion with temperatures of 4-5°C. Autumn circulation 
is also yery short, and the take is quickly coyered with ice." 
In 1950-1960 the lake receiyed a discharge of wastes from 
the nearby pig farm which resuited in considerable 
potlution of its enyironment. Bradymictic character and 
considerable relatiye depth (0.0822) of the lake inhibit 
water mixing, so that in summer oyer 70% of the bottom 
surface was deyoid of oxygen. In extreme cases oxygen 
disappeared from the whote lalce, resulting in fish kitts 

[121. 

Lake Aeration 

In 1986 and 1987 the lake was aerated with an air-com-
pressor driyen by wind force [14]. It was placed on one of 
the surrounding hills. Compressed air was directed to a MI 
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Fig. 1. Location sketch of Lake Starodworskie. 1, 2, 3,4, 5 - water 
and bonom sediment sampling sites. 

NJFLOX aerator producćd by Multireaktor; it was placed 
in the deepest part of the lake. Aeration tasted from Aprit 
1986 tul the end of 1987; the destratification method was 
used. Due to weak and irregular air supply (in 1986 only 
13315 m3 of oxygen were supplied to the lake bottom) in 
1987 the system was modified in order to increase the 
amount of supplied oxygen (in 1987 oxygen supply was 
18677 m3). The latter amount was sufficient to coyer 
55-77% of the theoretical amount of oxygen needed to 
liquidate lalce stratification aud improye enyironmental 
conditions [7]. More technical details and data pertaining to 
the experiment and the resulting physico-chemicat condi-
tions in the lake are to be found in Lossow and Jaszczuit 
[14]. 

Sampling 

Water (from the experimental layers) and bottom sedi-
ment samples were coliected from 5 stations located along 
the N-S axis running from the deepest part in the direction 
of the riding school. At station 1 water samples were col-
iected from depths of: 0.3, 1.0, 2.0, 5.0, 10.0, 15.0, 20.0 
and 22.0 m.; at station 2 from depths of: 0.3, 1.0, 2.0, 5.0, 
10.0 and 15.0 m; at station 3 from depths of 0.3, 1.0,2.0, 5.0 
aud 10.0 m, at station 4 from depths of: 0.3, 1.0, 2.0 and 5.0 
m.; and at station 5 from depths of 0.3, 1.0 aud 2.0 m. 
Samptes were collected with a Ruttner sampler of 10 dm3. 
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As soon as water sampies bad been collected, sediment 
samples were coliected from the same station taking 
O-5 cm iayer. They were coliected with a Kajak sediment 
sampier. Water samples were poured into 300 cm3 stenie 
bottles with water-tight giass stoppens. Samples of bottom 
sediments were collected into 330 cm3 stenie glass jars 
of the TWIST type. Water and sediment samples were 
transported to the labonatory aud subjected to bacteniologi-
cal analyses witkin 4 hours of coHection. In the meantime 
ali sampies were stored at 4°C. 

Microbiological Studies 

Microbioiogicai studies compnised the following anaty-
ses: 

1. total bacteria counts on agar broth at 20°C (TVC 
20°C) after 72 h incubation; 

2. total bacteria counts on agar broth at 37°C (TVC 
37°C) after 24 h incubation; 

3. total coliforms (TC) on Eijkman medium at 37°C 
after 48 h incubation; 

4. faecat coiiforms (FC) on Eijkman medium at 44.5°C 
aften 24 h incubation; 

5. faecal streptococci (FS) on Sianetz and Bartiey media 
at 37°C after 72 h incubation. 

Total numbers of bacteria on broth agar at 20°C and 
37°C were determined according to the methods generally 
used for the examination of dninking water. Totat coiiforms 
and faecal coliforms were determined using the most pro-
babie number method (MPN) based on sample soiutions 
descnibed in Standard Methods [2]. 10cm3, I cm3, 0.1 cm3 
and 0.01 cm3 of water and 10 g, 1 g, 0.1 g, 0.01 g, 0.001 
g and 0.0001 g of bottom sediments were used each time 
- ali solutions were in 3 parallel repetitions. Positiye results 
for the presence of coiiforms were checked on Endo me-
dium, in a fermentation-test tube sample on iauryi-tryptose 
broth and in the preparations stained with Gram"s method. 
Positiye resuits for the presence of faecal streptococci were 
checked on m-Enterococcus Agar. Typical colonies which 
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Fig. 2, Some meteorological data on [he time of water and bottom 
sediment sampiing from Lalce Starodworskie. A air temperature 
(°C) during water and bottom sediments samphng; B - rainfail 
(mm) during 2 days (1) and one week (2) before sampling; 
C -„ wind speed (in m Sw") during I (1) and 2 (2) days before 
sampiing. 

deyeloped on this medium were transferred to a broth me-
dium aS determinations were made of their growth poten-
tial at 44.5°C at pH 9.6, in the presence of 6.5% NaCl and 
in miik with an addition of 0.01% methylene biue. Physio-
Iogicai NaCi soiution was used as soiyent. The most proba-
bln numbers of totai coiiforms aud faecal streptococci were 
obtained from MacCrady"s tables [18]. The results were 

:: 
2\j 

C 

Tabie 1. Mean (for study period) and range for the numbers of total yiabic counts at 20°C and 37°C in the water of Lalce Starodworskie in 
1986- 1988, 

SiLe 
Depth 

(m) 
_______ 

Number 
of sampies 

_____________ 

Tota! yiabie count at 20°C Total yiable count at 37°C 

1986 J 1987 1988 1986-1988 1986 1987 1988 J 1986-1988 

(CFU I cm-3) _________ 

22 60 A 132 

_________ 

70 

_________ 

40 81 193 25 20 79 

B 0-1,300 3-2,200 - 0-2,200 10-2970 3-300 - 3-2,970 

2 15 52 A 200 178 53 144 169 44 36 83 

B 5-2,150 5-2,000 - 5-2,150 10-3,050 6-285 - 6-3,050 

3 10 43 A 212 [32 87 144 133 43 46 74 

B 12-1,500 8-3,100 - 8-3,100 4-1150 2-245 - 2-1,150 

4 5 32 A 151 142 37 160 115 186 12 104 

B 5-870 33-1,250 - 5-1,250 10-1,100 6-830 - 6-1,100 

5 2 17 A 264 177 29 157 275 248 9 177 

B 15-960 21-780 - 15-960 23-1,400 20-750 - 9-1,400 

- See Figure 1 
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Table 2. Ratio of TVC 20°C TVC 37°C in the water of Lake 
Starodworskie in 1986 and 1987. 

1986 1987 

Number 
of samples Fercent 

Number 
of samples Percent 

Total 204 100 221 100 

ý IQ 198 97,1 212 95,9 

i0 6 2,9 9 4,1 

recaiculated to 1 (TVC 20°C and TVC 37°C) or 100 cm3 
(TC, FC, P8) of water or Ig of fresh sediment weight (alt 
bacteria groups). 

Meteorological obseryations were performed by the Dc-
partment of Meteorology of the Uniyersity of Agriculture 
and Technology, at a nearby station in Tomaszkowo near 
Olsztyn. They comprised measurements of air temperature, 
sum of precipitation for the period 2 and 7 days before lake 
sampling, and wind force 1 and 2 days before sampling. 

Resuits 

Meteorological Obseryations 

The results of meteorologicai obseryations for the pe-
riod April, 1986 - January, 1988 arc presented in Fig. 2. 
Ayerage air temperature on sampling days yaried from 0°C 
in December, 1986 and 0.4°C in January, 1988 to 18°C in 
April, 1987 and 18.2°C in May, 1986. The sum of rainfail 
on 2 days before sampling reached 5 mm in Apri!, 1986 
and 6.1 mm in Noyember, 1987, whiie it was 34.5 mm in 
July, 1986, 40 mm in May and 33 mm in September, 1987 
for the period of 7 days before sampling. Wind speed on 
the day before lake sampiing was maximaily 8 m „ seC" in 
April, 1986 and 5.7 m sect in August 1987. The highest 
wind speed two days before sampling did not exceed 10 
m sec" in April, 1986 and 11 m seC" in September, 1987. 

Microbioiogical Studies 

Totat yiable Counts and Enteric Bacteria 
Concentration in Lake Water 

Numbers and horizontal distribution. Total bacteria 
counts in the lake water, determined on broth agar in 20 
and 37°C (subsequentiy called TyC 20°C end TyC 37°C 
respectiyely) ranged from O to 3100 CFU 1 cm3 and from 
1 to 3050 CPU 1 cm3 respectiyely, depending on the 
station, depth, year of studies [1986, 1987, 1988], season 
and atmospheric conditions. There were usually less 
bacteria in 1987, more in 1986. In winter 1988 (under 
the ice coyer) bacteria numbers were relatiyely smalI. 
Generaily speaking, ayerage bacteria numbers were lower 
in water at station 1 and higher at stations 2-5 (Tab. 1). 
TVC 20°C to TVC 37°C ratio was less than 10 in 95.9-97% 
of the sampies, and higher than 10 only in 2.9-4.1% of the 
sampies (TubIe 2). 

Total coiiforms (TC), faecal coliforms (PC) and faecai 
streptococci (P8) in water collected from Lake Starodwors-
kie did not exceed 1400 MPN 100 cm3 in 1986 and 460, 
210 and 1400 MPN 100 cm3, respectiyely, in 1987. In 
winter 1988 (under the ice) numbers of these bacteria 
reached 11, 13 and 5 MPN 100 cm3. Frequentiy water 
sampies did not contain these bacteria at atl. Ayerage TC 
for the whole period of studies was lowest at station 1 and 
highest in water collected from station 2. FC were less 
numerous in water at stations 3, 4 and 5 and more 80 at 
stations 1 and 2, whiie FS were less numerous at stations 2, 
3 and 5 and more numerous at stations 1 aud 4 (Table 3). 
The PC to FS ratio was less than 0.7 in 70% of the samples, 
from 0.7 to 4.0 in 22% of the samples, and higher thaa 4.0 
in 7-8% (Table 4). 

Vertical stratification. Vertical distribution of the in-
dicatory bacteria in Lalce Starodworskie was fairly diyer-
sified at particular sampling stations. Near-bottom water 
atways or almost always contained more of these bacteria 
than the upper layers. It is yery difflcult to present ali the 
results for ali sampling stations, so Figs. 3 and 4 present 

Table 3. Mean (for study period) and range for the numbers of tota! coIiforms, faecal coliforms and faecal strcptococci in the water of Lake 
Starodworskie in 1986-1988. 

Number of total coliforms Number of faecat coiiforms Number of faecal streptococci 

1986 1987 11988 1986-1988 1986 1987 1988 1986.1988 1986 1987 1988 11986.1988 
(MFN 100 cm3) ________ ________ ________ 

1 2260 A 228 21 4 84 

________ 

54 1913 29 275 392 3 223 

B 0-1,400 0-93 - 0-1,400 0-1,400 0-93 - 0-1,400 0-1,400 0-14,000 - 0-14,000 

2 1552 A 387 811 135 92 204 39 205 150 4 120 

B 0-1,400 0-240 - 0-1,400 0-1,100 0-210 - 0-1,100 0-1,400 0.-2800 - 0-2,800 

3 1043 A 284 64 98 29 125 15 196 166 5 122 

B 0-1,400 0-43 - 0-1,400 0-240 0-93 - 0-240 0-1,400 0-1,400 - 0-1,400 

4 532 A 308 124 108 33 90 14 185 302 3 163 

B 0-1,400 0-43 - 0-1,400 0-420 0-43 - 0-420 0-1,400 0-1,400 - 0-1,400 

5 217 A 323 211 115 29 130 14 209 103 O 104 

B 9-1,400 l-460 - 0-1400 0-150 0-93 - 0- ISO 4-1,400 0-1,700 - 0-1,700 

- SeeFigure 1. 
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Table 4. Percentage distribution of yalues of ratio FC FS in the 
water end bottom sediments of Lake Starodworskie in 1986-1987. 

Water Bottom sedin1ents 
PC: FS Years 

ratio 
1986 1987 1986 1987 

co.7 139 150 19 26 
(71.0) (69.8) (54.3) (89.6) ____________ 

0.7 -4.0 44 47 8 
(22,4) (21.8) (22.85) (3.5) ____________ 

>4.0 13 18 8 2 
(6.6) (8.4) (22.5) (6.9) ___________ 

Total 196 215 35 29 
___________ 

(100)b (100) (100) (100) 

- Number and percent (in brackets) of samples inyestigated 

- as an example - yerticat distribution of TyC 20°C at the 
deepest station (station 1). These bacteria arc usually regar-
ded as an index of water enyironment loading with easily 
decomposed organic matter. In April 1986, when aeration 
commenced, yertical distribution of these bacteria showed 
maximat numbers at a depth of 2 m, in May, June and July 
there were more or less the same numbers found in the 
whole water column except the near-bottom layer, where 
they were higher. Ja August, September and October these 

numbers became more diyersified, with higher leyels noted 
down to a depth of 2 m, while in Noyember and December 
they agam became more or less uniform in the water co-
lumn. In 1987 yertical distribution ofTVC 20°C was more 
diyersified dian in 1986. Higher yalues were usually obser-
yed at depths of t-2 m, 5-10 rn aud near bottom. In winter 
1988 (under the ice) higher numbers of these bacteria were 
found at 2 m, łOm and near bottoni (Figs. 3 and 4). 

Seasonal yariations. Seasonal yariations of indicatory 
bacteria numbers in 1986 were more or less similar at ali 
sampling stations (Fig. 5-9), with peaks in May (TVC 20°C 
ansi 37°C), and in July, Septeniber and December (TC, FC, 
P5), rare in other months. In 1987 maximal numbers were 
obseryed in June and Noyember (TVC 20°C), July and 
Noyember (TVC 37°C), September and Noyember (TC), 
May, June, July, August and Noyember (PC), and June and 
September (FS) depending on the station. 

Numbers of indicatory micro-organisms and pollu-
tion. TyC 20°C aud TVC 37°C in water collected from 
Lake Starodworskie in the study period did not differ much 
from the yatues accepted [3] for dean surface waters (Tab-
te 5). 0n1y a smali percentage of the samples was classified 
as slightly or noticeably polluted. On the other band, faecal 
coliforms reached the yatues accepted [3] for siightly or 
noticeably polluted waters (detailed data on faecal coli-
forms can be obtained from the authors), and in 1987 eyen 
as high as those notices in strongiy polluted ones. How-

Number of bacteria (CPU „ 1 cm"3) 
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Fig. 5. Seasonal changos in number of tota! yiab!e count at 
20°C (ayerago for tota! cotumn) in Lako Starodworskio. 1,2,3,4, 
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Fig. 9. Seasona! changos in nunibor of faecal streptococci (ayerago 
for tota! coumn) in Lako Starodworskio. Donotation as in Figure 5. 

eyer, according to the data of tho US Departinent of tho 
Interior Federa! Water (..) [6] on!y some water samplos 
contained TC and FC exceeding maxima! leyels permissible 
for waters usod for recreation (Tablo 6). Tho percentago 
of these samp!es was lower in 1986 and higher in 1987. 
Coniparison ol" TyC 20°C and FC giyon iti Tab1e 7 with tho 
data presonted by Albinger [1] suggosts bw !oading of Lako 
Starodworskie with easi!y decomposed organic mattor nad 
ks relatiyoly high !oading with faoca! pollution. 
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Tota! Viab!e Count and Enteric Bacteria Concentration 
in Bottom Sediments 

Numbers and horizonta! distribution. Ali groups of 
indicatory bacteria were io to io times more numerous in 
the bottom sediments of Lake Starodworskie compared to 

Table 5. The anaysis af bacteriological water qua!ity af Laka Sta-
rodworskie, using critcria giyen by Cabejszek et a!. [3]. 
A - unpolluted, B - insignificantly poiluted, C - distinctiy poi-
luted, D - heayily po!!uted, percent distribution of samples rele-
yant to the giyen c!ass. 

Bacteriologica! water guality 
criteria Water 

qua!ity 

Years 

Microorganisms 
Number of cells 
(CFU . cm3) 1986 1987 

Total yiable 
count at 20°C 

c 300 A 86.9 92,4 

>300- 5,000 B 13.1 7.6 

5,000 - 10,000 C 0.0 0.0 

10,000 D 0.0 0.0 

(206)" 
100 

(224) 
100 

Total yiab!e 
count at 37°C 

<200 A 81.1 88.3 

>200-1,000 B 15.6 11.7 

> 1,000 - 5,000 C 5.3 0.0 

> 5,000 D 0.0 0.0 

(207) 
100 

(222) 
100 

Coli titre > I A 73.9 46 

I - 0.1 B 17.8 39.4 

<0.! - 0.01 C 8.3 3.5 

<0.01 D 0.0 11.1 

(207) 
100 

(226) 
100 

- Number of samples inyestigated 

water. TyC 20°C and TVC 37°C in 1986 ranged from 
5 x l0 to 571 X i0 and from 6 X io to 8 X io CFU 
wet wt, respectiyeiy, while in 1987 the respectiye numbers 
ranged from 9.75 X 1Y to 22 x io and from 15 X io to 21 
X io CFU g" wet wt. In winter 1988 (under the ice) these 
numbers ranged, respectiye!y, from 26 x 10 to 85 x i03 
and from 30.6 x 102 to 118 X i03 CFU g" wet wt. In the 
who!e study period these bacteria were, on ayerage, less 
numerous in the bottom sediments at station 4 (TyC 20°C) 
ar 1 aix! 5 (TVC 37°C), and more numerous at stations 1, 2, 
3 and 5 (TyC 20°C) or 2, 3 and 4 (TVC 37°C) (rabie 8). 

TC, FC and FS numbers in the bottom sediments of 
Lake Starodworskie in 1986 did not exceed 14 x i04, 14 
X 10 and 7.5 X 102 MPN g" wet wt. respectiyely, and in 
1987 - 15 X io3, 15 X io and 14 X i05 MPN g" wet wt. 
In 1987 these bacteria were often not found at ali. In winter 
1988 (under the ice) TC and FC numbers did not exceed 
7.5 x i02 and 45 x i03 MPN - g" respectiyety, while FC 
were not found in the bottom sediments. On the ayerage for 
the whoie study period these bacteria were the least nume-
rous in the bottom sediments at station 3 (TC, 2 and 5 (FC) 
or 3 and 4 (FS), and the most numerous at station 2 (TC), 
4 (FC) or 1 (FS) (Table 9). EC to FS ratio in 1986 was 
less than 0.7 in 54.3% of the samples, from 0.7 to 4.0 in 
22.8%, and higher than 4.0 in 22.5% af the sediment samp-
les. In 1987 this ratio was lower than 0.7 in 89.6% of the 
samples, from 0.7 to 4.0 in 3.5% aad higher than 4.0 in 
6.9% of the samples (Table 4). 

Seasonal yariations. Seasona! yariations in the num-
bers of indicatory bacteria in bottom sediments of Lalce 
Starodworskie are presented in Figs. 10-14. TVC 20°C 
reached maxima! leyels in 1986 in May or June, August ar 
September, and Noyember or December; and in 1987 in 
June, September and Noyember, exceptiona!iy (station 2) 
a!so in ather periods. TVC 37°C reached maximal leye!s in 
1986 in June or July, September and Noyember, andlor 
December; in 1987, in Apri!, June ar July and August and 
Noyember. TC peaks in 1986 were obseryed in June and/ar 
Juiy, August, Noyember and/ar December, while in 1987 
in April, June, and/or July and Noyember ar December. FC 
reached maxima! ieyeis in 1986 in May and/or June, in 
August and/ar September, and in Noyember ar December. 
In 1987 they were nated in April and/ar May, in June 

Table 6, Analysis af bacteriologica! water quality of Lake Starodwarskie using criteria giyen by U.S. Department of the Interior Fcdera! 
Water Poilution Control Administration [6], as the percent distribution af samples releyant to the giyen criteria. 

I - primary contact, II - secandary contact 

Bacteriological water qua!ity standards 

Tota! coliforms Faecal coliforms 
Number of MPN 100 cm"3 Number of MPN 100 cnY3 

Years samples samples Public water Public water 
inyestigatecl Recreational supply inyestigated Recreational supply 

I 11 I II 
1,000 5,000 10,000 200 1,000 2,000 

1986 2091 166 204 204 208 193 205 208 
(100)11 (81,0) (100) (100) (100) (192,8) (98,5) (100) 

1987 225 224 225 225 216 215 216 216 
(100) (99,6) (100) (100) (100) (99,5) (100) (100) 

- Number of samples 
11 
- Percent of samples 
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Table 7. The anatysis af water quatity af Lake Staradwarskie using eriteria giyen by Kayka [9] aud Kohl [10] after Albinger [1]. Percent 

distributian af samptes ta the giyen c!ass. 

Water qua!ity crlteńa 

Water 
qua!ity 
!eye!3 

1986 1987 
1986-1987 

Sita" 

Miera- 
organisnis 

Numbernf 
badana I 2 3 4 5 l-5 I 2 3 4 5 1-5 

c 500 I 95.7 91.2 87.5 94.5 86.2 91.7 97.2 92.8 97.8 97.2 94.5 96,2 94.1 

>500- 1000 2 2.8 5.3 6.3 5.5 13.8 5.8 1.4 4.8 2.2 2.8 5.5 2.8 4.2 

>1,000- t0,000 3 1.5 3.5 6.2 O O 2.5 t.4 2.4 O 0 O 1.0 t.7 

TyC2O°C1>10,000-50,000 4 O 0 O O O O O O O O O O O 

>50,000- IOO,000 5 O O O O O O O O O O O O O 

>100,000-750,000 6 O O O O O O O O O O O O O 

>750,000 7 O O O O O O O O O O O O O 

(7!) (57) (48) (36) (29) (24!) (72) (42) (45) (36) (t8) (213) (474) 

O.t- 0.10 

_________ 

t 24.6 14.5 17.4 9.4 102 16.6 25.4 37.8 40.0 4!.! 27.8 33.9 24.9 

>olo- t 2 O O O O O O O O O O O O O 

>i- to 3 29.0 38.2 41,3 56.2 61.5 42.3 32.4 22.7 33.3 29.5 33.3 29.9 36.4 

FC2 >to- so 4 31.9 21.8 30.5 18.8 23.0 26.1 35.2 84.0 24.5 29.5 33.3 31.7 28.8 

>50- 100 5 7.2 7.3 4.3 9.4 2.6 6.2 5.6 3.8 2.2 O 5.6 3.6 5.8 

>100-1,000 6 5.8 14.5 6.5 6.2 2.7 7.5 1.4 t.7 O O O 0.9 4,3 

>t,000 7 1.5 3,7 O O O 1.3 O O O O O O 0.8 

(69) (55) (46) (32) (39) (24t) (71) (53) (45) (34) (18) (22!) (462) 

- See Figura I 
- Tatal yiable count at 20°C (saprophytic bactenia as CFU - 1 ciW3 water) 

2 
- Number of faecal califarms (MPN - 100 cnY3 warter) 
- Degrec of laading with organie substances, which dan be walI decnmposed by bacteria (TVC 20°C) aud degree af laading with faeca! 

substances (FC): 1 - yery littte, 2 - Iittte, 3 - moderata, 4 - moderate high, 5 - high, 6 - yery high, 7 - extreme high 

- In braekets number of samples inyestigated. 

ar Ju!y, and in October and/ar Nayember. At samp!ing 
stations 2 and 4 the maximurn was abseryed also in winter 
1988 (under the ide). FS were mora numerous in 1986 in 
July ar August and in the period from September to De-
cember, whi!e in 1987 - from June to September. 

TVC 20°C and FC numbers and the degree of bot-
tern sedirnent loading witb organie substances which 
can be wel! decomposed by saprophytic bacteria, and 
Uw degrec of loading witli faecal substances. Compari-
san of TyC 20°C aud FC numbers in the bottom sedirnents 
af Laka Starodworskie with the literature data and the data 
presented by Kayka [9], Kohl [10] as modified by Albinger 
(1] and presented in Table 10, suggests that battom sedi-
inents in this lake arc little laaded with organie matter 
which can be easily decamposed by saprophytic bacteria, 
arc maderately and/ar highly loaded with anima! faeces. 

Discussion 

Tota! yiable Counts and Enteric Bacteria 

Concentrations in Lake Water 

Fig. 10. Seasannt changes in number af tata! yiable caunt at 20°C TVC 20°C (usually regarded as an mdcx of loading with 
in bnttam sediments ( O - 5 cm layer ) af Laka Staradwarskie. organie matter easily decomposed by saprophytic bacteria) 
Denatatian as in Figure 5, in the water af Lalce Staradworskie was typical af dean ar 
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Fig. 11. Scasonal changes in nurnber of total yiable count at 37°C 
in bottom sediments (0 5 cm ]ayer) cl" Lake Starodworskie. 
Denotation as in Figure 5. 
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Fig. 12. Seasonal changes in number cl" total colifcrms in bottom 
sediments (O 5 cm 1ayer) cl" Lake Starodworskie. Denotation as 
in Figure 5. 

only slightly polluted lakes of the Mazurian Lakeland [18]. 
Differences obseryed in the numbers of these bacteria in 
1986. and 1987 might haye resulted from different content 
of organie matter produced in situ within the lalce. Jn 1986, 
when lalce aeration was less intensiye white there were long 
periods of windless weather, it was not possible to fully 
liquidate thermal stratification [7), 80 that algae deyelop-

38 

Fig. 13. Seasonat changes in number of faecal coliforms in bottom 
sediments (0 -5 cm layer) of Lake Starodworskie. Denotation as 
in Figure 5. 
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Fig. 14. Seasona! changes in number of faecal streptococci in 
bonom sediments (0 - 5 cm layer) of Laka Starodworskie. Denota-
tion as in Figure 5. 

ment in the trophogenic layer was not disturbed to any 
greater extent. As a resuit, TVC 20°C reached higher leyels 
as these bacteria used substances excreted by liye algae 
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Tobie 8. Mean (for study period) and range for the numbers of tolal yiable counts at 20°C and 37°C in bottom sediments of Lake 

Starodworskie in 1986-1988. 

Tota! yiable count ar 20°C Total yiable count nI 37°C 

Sile* Depth 
(m) 

Nuinber 
of samples 1986 1987 1988 1986-1988 1986 1987 1988 1986-1988 

(CFIJ - I g" wet wt.) _______________________ ______________ 

I 22 9 A 105,410 239,690 45,000 130,030 52,770 221,000 35,000 102,920 

B 5,000-326,000 15,000-840,000 - 5,000-840,000 7,700-140,000 21,000-525,000 - 7,700-525,000 

2 15 8 A 156,440 315,190 58,000 176,540 61,490 420,125 118000 199,870 

B 67,500-32,000 12,500-1,000,000 - 12,503-1,000,000 13,400-134,000 28,000-990,000 - 13,400-990,000 

3 10 8 A 195,730 193,625 36,000 141,785 140,125 464,500 30,600 211,740 

B 38,000-471,000 70,000-400,000 - 36,000-471,000 43,000-237,000 44,000-2,100,000 - 30,600-2,100,000 

4 5 8 A 41,720 219,340 26,000 95,690 102,250 583,750 60,000 248,670 

B 12,150-85,000 9,750-900,000 - 9,750-900,000 13,000-220,000 28,000-1,250,000 - 13,030-1,250,000 

5 2 8 A 44,625 341,660 85,000 157,090 139,325 159,690 33,000 110,670 

B 9,000-68,500 29,250-2,200,000 - 9,000-2,200,000 6,000-800,000 15,000-600,000 - 6,000-800,000 

- See Figure I 

Tabte 9. Mean (for study period) and range for the numbers of total cotiforms, faeca! coliforms and faecal streptococci in bottorn sediments 

of Lake Starodworskie in 1986-1988, 

- Number of lala! coliforms Number of facta! colifarias Number of facta! streptocoeci 

ile" 1986 1987 1988 1986-1988 1986 1987 1988 1986-1988 1986 1987 1984 1986-1988 

(MPN I g" wet wt.) ___________ ___________ ___________ __________ 

I 22 9 A 59,780 3,200 400 21,130 39,900 2,625 1,600 14,710 64,410 489,600 O 184,670 

B 400- 140,000 0-15,000 - 0-140,000 0-110,000 0-9,503 - 0-110,000 400- 140,000 0-140,030 - 0-1,400,000 
- 

2 15 8 A 97,250 1,700 1,500 33,480 25,690 2,740 7,500 11,975 73,210 184,590 O 85,930 

B 500-140,030 0-4,500 - 0-140,000 600-110,000 0-9,500 - 0-110,000 2,500-140,000 0-1,400,000 O 0-1,400,000 
- 

3 IQ S A 39,5000 5,260 2,500 15,750 47,625 2,890 300 16,940 84,570 13,390 O 32,650 

B 003-140,000 0-3,000 - 0-140,000 4,500-140,000 0-15,000 - 0-140,000 „500-140,0002,500-40,000 - 0-40,000 
- 

4 5 8 A 58,300 1,650 4,500 21,480 35,560 2,210 45,000 27,590 43,700 50,830 O 31,510 

B 400-140,000 0-3,000 - 400-140,0302,500-I10,000400-9,500 - 500- !l0,000t,400- 140,000 0-45,000 - 0-45,000 
- 

2 8 A 58,125 1,025 7,500 22,220 32,040 2,475 900 11,800 51,270 178,870 O 76,670 

82,000-140,000 0-2,500 - 0-l4000 900-140,000 0-7,500 - 0-140,000 900-140,000 0-1,400,000 - 0-1,400,000 

- See Figure 1, 

and/or the products of algae decomposition Higher loading 
of Lake Starodworskie with organic matter ensiły decom-
posed by saprophytic bacterin was also confirmed by BOD5 
leyels, which were higher in 19B6 than in 1987 [7]. Higher 
lake loading with easily decomposed organic matter and 
lower yisibiiity of Secchi"s disc [7] in 1986 compared to 
1987, hence lower penetration ofUV radiation in the water 
co!umn, might haye fayoured higher suryiyal of TVC 20°C, 
TC, PC and PS in 1986 than in 1987. In 1987, when the 
aerntion was more intensiye, algae deyelopment in the tro-
phogenic layer was probabiy disturbed, this being reflected 
in an increase of yisibility and a decrease of BOD5. Lower 
numbers of TyC 37°C, TC and FC in 1987 conld also haye 
been connected with higher penetration of bactericidal Uy 

radiation. Jncreased water temperature in the hypolimnion, 
to 11.8°C in 1986 and 10.0°C in 1987, a!though possib!y 
affecting the suryiyal of these micro-organisms, does not 
explain the differences in their numbers obseryed between 
1986 and 1987- Also neration by itself probably bad no 
greater effect on the densities of these bacteria in water, 
also due to their microaeriphylic character. I-ligher numbers 
of indicatory bacteria in near-shore waters of Lake Staro-
dworskie (station 5), and lower at the stations more distant 
from the shore (stations 2-5) might haye been due to an 
inflow of pollution with surface run-offs. Moreoyer, in 
shailow waters the discussed micro-organisms can origina-
te from detritus remnants and surface sediment layers as 
a resuit of waying, wind action, peopie waiking along etc. 
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Table 10. The analysis of sediments qoality of Laka Starodworskie usiug criteria giyen by Kayka [9] and Kohl [10] after Albinger [1]. 
Percent distribution ot samples to the giyen class. 

\Vater 
guality cdteria 

Bonom 
sediments 

quality 
1eye13 

1986 1987 
Ayerage 

1986-1987 Site 

Micro- 
organtsms 

Number of 
bactena I 2 3 4 5 I-5 I 2 3 4 5 1-5 

< 500,000 I 100 100 100 100 00 100 77.8 77.8 t00 77.8 88.9 84,5 922 

>500,000- 1,000,000 2 O O 0 O O O 222 22.2 O 22.2 O 13.3 6.7 
>l,000,000- I0,000,000 3 O 0 O O O 0 O O O O ILI 2.2 LI 

TyC2O°C" >I0,000,000-50,000,000 4 O O O O O O O O O O O O O 

>50,000,000-I00,000,000 5 O O O O O O O O O O O O O 
>I00,000,000-750,000,000 6 O O O O O O O O O O O O O 

>750,000,000 7 O O O O O O O O O O O O O 
___________ _____________________________ 

(9)4 (9) (9) (9) (9) (45) (9) (9) (9) (36) (9) (45) (90) 
1- 10 

___________ 

I 11.1 O O O O 2.4 11.1 11.1 11.1 O 222 11.1 7.0 
>lO- 100 2 O O O O O O O O O O OO O 

>100- 1,000 3 O 25,0 O 0 25.0 9.7 O 44.5 44.5 33.3 22.2 28.9 19.8 
FC2 >1,000- 5,000 4 11.1 12.5 12.5 25.0 12.5 14.6 78.8 44.4 33.3 44.5 44.5 48,9 32.6 

>5,000- 10000 5 11.1 O O 25.0 O 7,4 11.1 O O 11.1 11,1 6.6 7,0 
>10,000-100,000 6 44.4 50.0 75.0 25.0 50.0 48.8 O O ILI 11.1 O 43 25,6 

>1,000,000 7 22.3 12,5 12.5 25.0 12.5 17.0 O O O O O O 8.0 
(9) (8) (8) (8) (8) (41) (9) (9) (9) (9) (9) (45) (86) 

* 
- Sec Figure 1 
- Total yiable count at 20°C (saprophytic bacteria as CFU - I g" wet wt. secliments) 

2 
- Number of faecal coliforms (MPN - 1 g" wet wt. sediments) 
- Degree of loading with organie substances, which can be well decomposed by bacteria (TVC 20°C) and degree of Ioading with faecal 

substances (FC): I - yery tiule, 2 - little, 3 - moderate, 4 - moderata high, 5 - high, 6 - yery high, 7 - extreme high 
- In brackets number of samples inyestignted. 

At deeper stations possible effects of the bottom sediments 
ai-e limited only to the near-bottom water layer and 
minimalized due to higher water yolume haying a dituting 
effect. 

Vertical distribution of the discussed indicatory bacteria 
coutd haye been connected with the bactericidal effect of 
Uy radiation, uptake of the substances excreted by algae, 
uptake of algae decomposition products. In the case of 
TVC 20°C in 1986 these phenomena accounted for lower 
bacteria numbers in water collected from a depth of 0.3 
m compared to that from 1-2 tri depth. In 1987 the same 
also referred to water collected from 10 m depth. Aigae 
deyelopment in the surface water layer limited penetration 
of Uy radiation aud their effect on bacteria to water layer 
of only 30 cm. Higher TVC 20°C in water collected from 
10 m depth was due the fact that dead phytoplankton 
gathered there. Aeration of Lake Starodworskie did not 
futly liguidate thermal stratification. Water temperature at 
10 m was neyer higher in sumrner than 10-1 1°C. Differences 
in water density (related to water temperature) atso fayou-
red bacteria gathering in this Iayer [19, 20, 21]. The in-
crease of TyC 20°C (as weil as of other indicatory bac-
teria) at the bottom is explained by their passage from 
bottom sediments due to the turbulence caused by aeration, 

sediment penetration by benthic organisms, conyection wa-
ter currents, aud phenomena connected with methane fer-
mentation. Also, animal organisms grazing ia the water 
column might haye bad a modifying effect on the yertical 
distribution of micro-organisms. 

Seasonal changes in the numbers of indicatory bacteria 
in Lalce Starodworskie could be connected to rainfalis 
which brought in pollutants from the surrounding land, as 
well as with ice thawing and other aeriat runoffs in spring, 
summer and autumn. Algae deyelopment and decay could 
also modify seasonat yariations in bacteria numbers, and so 
could water turbutence caused by aeration. The relationship 
between atmospheric conditions and the numbers of 
indicatory bacteria is noticeable comparing temperature 
peaks on the days of sampIing, or sum of precipitation 
during 7 days before sampling with TVC 20°C and 
numbers of some other bacteria groups. In 1986 a decrease 
of TyC 20°C and TyC 37°C in June and August was 
connected with the bloom of Anabaena spiroides, Gleocapsa 
sp, Microcystis aeruginosa and Gomp/iospiiaeria lacustris 
[6]; some of these algae ai-e known to be toxic. A decrease 
of TC and FC numbers in water at ali sampling stations, 
and of FS numbers at stations 2, 3 and 5 in 1987 seems to 
confirm the hypothesis [8] that long-term mixing and 
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artificial destratification can improye bacteriological 
quałity of water. This was confirmed atso in the course of 
łong-term studies on the effects of aeration in eutrophic 
Lake Mutek, Mazurian Lakeland [13, 20, 21, 26]. 

Total yiable Counts and Baterie Bacteria 
Concentrations in Lake Bottom Sediments 

Considerably higher than in water were the numbers of 
the indieatory bacteria found in the bottom sediments of 
Lake Starodworskie, this being due to their sedimentation 
(rom the water column on animal and plant remnants. Bot-
tom sediments adsorb dissolyed organie and minerał sub-
stances, thereby condensing them to a degree sufficient for 
the deyelopment of eyen more reguired gastric bacteria 
[19]. Moreoyer, type of organie and minerał substance and 
quałitatiye composition of the authochthonie mieroflora of 
bottom sediments is different than in water eołumn, this 
haying an effeet on the suryiyal of indieatory bacteria. It 
has been stated [19] that bottom sediments haye a positiye 
effeet on the suryiyal of inflowing bacteria due to a neut-
ralising action towards antagonistie enyironmentał factors, 
or else due to different bottom mierotlora, enabłing the 
gastric baeteria to compete for the ayailable sourees of 
carbon and energy more effeetiyely than in water. In ad-
dition to this, bw temperature at the bottom limits aetiyity 
of antagonistie organisms. Due to the faet that suryiyal of 
gastric bacteria (TC, FC, FS) decreases with inereasing 
temperature (from 4°C upwards) [19], lake aeration and the 
resulting increase of temperature at the bottom, to 10°C in 
1986 and 11°C in 1987, might haye affected numbers of 
these micro-organisms in the bottom sediments nf Lake 
Starodworskie. Usualły lower TyC 20°C in the bottom se-
diments of Lake Starodworskie compared to other eutro-
phic lakes of Mazurian Lakeland [19] was due to a relatiyely 
bw content of organie matter [7], amnunting to only 1.8-18 
% of tiry weight. This was confirmed by the resutts on 
TVC 20°C in the bottom sediments of Lake Starodworskie 
compared to the data by Kayka [9], and Kohl [19] cited by 
Albinger [1]. Contrary to this, relatiyely high loading ofthe 
bottom sediments in Lake Starodworskie with TC, FC and 
FS suggests continuous poblution of this lake by animal 
faeces, possibły originating from the nearby riding school. 
This suggestion is also confirmed by FC to FS ratio lower 
than 0.7 in the majority of sediment sampłes. 

Conclusions 

1. TVC 20°C, TyC 37°C, TC, FC and FS numbers in 
the water of Lake Starodworskie were typical of dean or 
onły slightły polluted surface waters. 

2. Water at the stations located at a distance from the 
lake shore was less poltuted with these baeteria than at the 
station bocated ebose to the lake shore. 

3. yertieal distribution of TVC 20°C was usuatly 
eharacterized by lower teyebs of these baeteria in water 
coltected from 0.3 m, and higher in samples collected from 
1-2 m and at the bottom, and in 1987 also in those collected 
from 5 or 10 m depth. Near-bottom maximum was ałso 
obseryed for TVC 37°C, TC, FC and FS. 

4. Seasonal yariations in the numbers of indicatory bac-
teria were usuably eharaeterized by maximał yałues in May, 

September and Noyember, exceptionally in other months. 
Peaks of baeteria numbers corresponded to peaks of the 
sum of precipitation during 7 days before sampłe eołlee-
tion, with minimał beyebs obseryed in June and August, 
when błue-green ałgae were blooming. 

5. Lower TyC 20°C were found in Lalce Starodworskie 
water in 1987 (seeond year of aeration), higher - in 1986 
(first year of aeration); they correłated with organie matter 
content expressed in BOD5. 

6. Ali groups of indicatory bacteria were much more 
numerous in the bottom sediments of Lake Starodworskie 
than in its water. 
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