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ABSTRACT. The microbiological distribution in two lakes from the X™ Regién of Chile is studied. In the
Lake Ranco (Araucanian), the viable counts were high and ranged from 20 to 1050 CFU/ml. The numbers
of total coliforms were high, with densities between 9 and 842 CFU/100 mL The predominant bacterial
flora in the water were Enterobacteriaceae (34.8 %). In the sediment the bacterial densities were always
higher. Sulphate-reducing bacteria were detected in the sediments. The Lake Yelcho (Nordpatagonic),
presented a very high counts in relation with its oligotrophic state. In some places there were fecal coli-
forms. The predominant bacterial flora in the water samples corresponded to Flavobacterium-Flexibacter
(26.4 %) and Psewdomonas (22,0 %). In the sediment the higher viable counts and total coliforms were ob-
tained in sites adjacent to a salmon farm; the MPN of sulphate-reducing bacteria was 29500 bacte-
ria/100g.
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RESUMEN. Se estudid la distribucién microbiolégica en dos lagos de la X region de Chile. En el Lago
Ranco (Araucano), los recuentos de bacterias heterotrificas viables fueron altos y fluctuaron entre 20 y
1050 UFC/ml. Los recuentos de coliformes totales fueron altos, con densidades entre 9 y 842 UFC/100 ml.
La flora bacteriana predominante en el agua fueron Enterobacteriaceae (34,0 %). En el sedimento siem-
pre fueron mayores las densidades bacterianas. Bacterias reductoras de suifato se detectaron en todas las
muestras analizadas. El Lago Yelcho presenté elevados recuentos bacterianos en relacién a su estado
oligotréfico. En algunos lugares se encontré coliformes fecales, La flora bacteriana predominante en las
muestras de agua correspondibé a Flavobacterium-Flexibacter (26,4 %) y Pseudomonas (22,0 %). En el
sedimento, los mas altos recuentos de bacterias heterotréficas viables y de coliformes totales se obtuvieron
en sitios proximos a salmeniculturas; el NMFP de bacterias reductoras de sulfato fue de 29500 bacte-
rias/100 g.

Palabras Clave: Contaminacién Microbioldgica, Chile.

INTRODUCTION

The most of the lakes in the South of Chile, have tradi-
tionally been oligotrophic, because they contain low
amounts of nutrients, low primary productivity and minor
biological pollution.” The steady economic and population
growth in this area of the country, particularly in the X™
Region, has produced an increase in the demand for the use
of natural resources, a demand that has not been absent in
lake ecosystems, A wide variety of organic and inorganic
waste products, from riverside industries, agricultural ac-
tivities and human populations are being dumped into
these systems.'® The organic load from the increasing
salmon farming activities must also be added.'

Water pollution may be measured using different ap-
proaches; some of the best means to evaluate impact are:
population dynamics and variations in microbial popula-
tions. Changes in the organic matter flows modify bacterial
communities within a lake, thus becoming a sensitive bio-

indicator of pollution processes. The evaluation of conti-
nental water quality is important. This is perforimed by the
quantification of the indicator microorganisms such as,
coliform bacteria, enterococcus, yeast-like molds and en-
teroviruses.>'*'%2' 327 The analysis must consider water
columns,- which may experience rapid variations, as well
as bottom sediments where microorganisms achieve higher
survival rates and may establish permanent populations.’

There are very few studies regarding microbiological
pollution of freshwater environments in Chile.*'"" The
most relevant ones in the south- austral regions, are mainly
refered to the poliution of the rivers Valdivia®™ and Ra-
hue.'” On the other hand, the chemical, physical and pri-
mary productivity aspects of the lakes in this region have
been systematically studied,*’ leaving the study of their
microbiological pollution aside.

In this study, two lakes of the X" region have been
chosen as models. They represent two distinct realities: one
is an Araucanian lake, the Ranco and the other is a North-
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patagonic lake, the Yelcho. The former one has. experi-
enced an important increase in il’s {rophic state due lo the
use of it’s water course by agricultural, salmon farming
and industrial activities;*’ the latter one, is oligotrophic,
with minor intervention, scarce surrounding populations
and basic agricultural and aquaculture activities.®® For de-
termining the increase of the bacteriological contamina-
tion, indicator bacterial populations in water columns and
bottom sediments are gquantified and identified in both
takes. Besides, it was tested the presence of Salmonella as
direct indicator of the occur of pathogens in the water.

MATERIAL AND METHODS

Selection of the stations. In lakes Ranco {40°13°§,
72°23'W) and Yelcho (43°18°S, 72°19'W) five stationary
sites were chosen based on four parameters: proximity to
vitlages, affiuents and eftluents, salmon farm and center of
the lake (Iig. 1). Lake Ranco: Station Al, Futrono; A2,
Quimdn Bay: A3, center of the lake; A4, Llifén; AS, Cal-
currupe river. Lake Yelcho: Station Bl, Port Piedra;, B2;
center of the lake; B3, proximity to salmon farm; B4, Port
Cirdenas; B33, Yelcho river.

Sample collection. In both lakes, samplings were car-
ried out in Pecember and May (1994-1995). In order to ob-
lain information on vertical distribution, the sampling de-
sign considered a range from 0.3 m. to 45 m. For the water
column a Zobell (J)-Z) bacteriological sampler was used.
Samples of bottom sediment were collected using an Eck-
man dredge. They were all stored in containers at 4°C and
transported to the labotatory for their processing.

Physico-chemical parameters. Water transparence
was assessed /# situ using a standard Secchi disk; tempera-
ture and pH were measured with portable digital instru-
ments {Cole Parmer). Weight of the sediment was deter-
mined on a fraction of the sample after it’s drying at 110°C
for 24 h,

Bacteriological exumination of the water.

Viable aerobic heterotrophic bacteria. It were enumer-
ated by spreading onto Plate Count agar (Difco). The dilu-
Lions were made with steritized filtered lake water (0,2 pm
membrane filters). The plates were incubated at 25°C for
72 h. and colony-forming units {CFU) were counted.!" All
determinations were performed in triplicate.

Total Colifirms. i were determined by the membrane
lilter technique.® 10, 50 and 100 m! of each sample were
fillered through cellulose nitrate membranes (0.45 pm
pore) (Sanorius). The filters were then placed on plates
with m-Eindo Agar LLS (Difco) and were incubated at 37°
C for 24 h.

Fecal Coliforms. The same volumes as for lotal coli-
forms were used. The samples were filtered and placed on
M-FC Agar plates (Difco} and incubated in a water bath at
44.3°C for 24 h. Blue colonies were considered to be pre-
sumptive fecal coliforms. For their confirmation, they were
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Figure 1, Location of sampling stations. A) Lake Ranco.
B) Lake Yelcho.

inoculated in tubes containing EC (Difco) broth with a
Durham tube, and were incubated at 44.5°C for 24 h in a
waler bath.”

Sediment analysis, 10 g of sample were homogenized
with 90 mi of sterile lake water; after a vigorous shake they
were left to stand for 5 min and then, the same protocols as
for water tests were used. For the detection of viable het-
erotrophic aerobic bacteria, total and fecal coliforms, §0,
50 and 100 m! of the sediment supernatant were used.

Suiphate-reducing bacteria. Enumeration was carried
out by the Most Probable Number method (MPN), using
medium API?. The tubes were incubated at 25°C for up to
28 days. Were considered positive the tubes that presented
smell to H;S and exhibited blackening, as resull of Fe,S
precipitation.

Detection of Salmonella. 500 ml of the sample were
filtered. The filteres were folded and submerged in (00 ml
of selenite enrichment broth (MERK) and incubated al
37°C for (8 h. Inoculum were streaked in duplicates on
Salmonella-Shigelia Agar plates and incubated at 37°C for
24 h. Suspicious colonies were replicated in tubes with nu-
tritive agar and then were subjected to biochemical and se-
rological confirmation."”

Identification of heterotrophic flora. From cach Piate
Count Agar plates, é colonies were randomly chosen and
purified by streak sowing on peptone agar {PA}. Pure cul-
tures were stored in PA slants at 4°C. The isolations were
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Table 1. Bacterial counts of viable heterotrophic bacteria, total and fecal coliforms in the Lake Ranco.

Sites Depth Viable counts Total celiforms Fecal coliforms

(m) (UFC/ml) (UFC/100 ml) {(UFC/100 ml)
Dec May Dec May Dec May

Al 0 110 20 154 10 0 0

20 160 230 60 418 0 0

A2 0 * 190 * 193 * 4

5 * 100 * 126 * 5

A3 0 20 30 150 9 6 0

5 440 170 761 842 0 0

i5 40 100 650 278 0 0

25 100 190 168 470 0 0

45 100 422 422 456 1 0

Ad 0 1050 290 130 376 9 61
A5 0 20 50 76 74 0 3

15 120 90 216 24 0 0

* No sampling due to turbulence.

identified up to genera using the schemes of HOLT et al.'?
and WARD et al.*? The major test used for the identifica-
tion of the isolates were as follow: Gram stain, cell mor-
phology, motility by hanging drop, OF-glucose, catalase,
oxidase, gelatin liquefaction, nitrate-nitrite reduction and
production of pigments.

RESULTS

Physico-chemical characterization of lakes Ranco
and Yelcho. Temperature and pH averages in spring and
autumn were recorded at every sampling site of both lakes,
at different depths. No notorious horizontal or seasonal
thermat differences were registered. In Lake Ranco, the
maximum superficial temperature registered was 19.8°C,
with an average of 18.4°C, 7°C higher than Lake Yelcho.
pH was stable, almost neutral, no important spacial varia-
tions were seen and it kept within the ranges described for
araucanian lakes, Water transparency of Lake Ranco was
high, up to 18 m in station A3. However, in Lake Yelcho,
the visibility records of the disk did not go beyond 7 m.

Distribution of heterotrophic bacteria in the water
column. In tables 1 and 2, the viable heterotrophic bacte-

rialcounts for five sites of both iakes are shown. In Lake
Ranco, the viable counts ranged from 20 to 1050 CFUN00
ml, while in lake Yelcho the variations were between 20
and 970 CFU/ml. The concentration is lower in the superfi-
cial part of the water column and it increased with depth on
may. In Lake Ranco, the highest counts were obtained in
sites close to villages, while in Lake Yelcho the counts
progresively increased towards the outlet of this lake, near
a limniculture station (B3) and the village of Puerto
Cardenas (B4).

Totzl and Fecal coliforms in the water column. In
tables 1 and 2, coliform counts are presented, with a maxi-
mum of 842 CFU/100 m! in the Ranco and 309 CFU/H00
ml in Yelcho. The horizontal variation was similar to that
observed with heterotrophic bacteria. Fecal pollution was
low in both lakes, with a maximum of 61 ufe/ 100 ml at A4
station in Lake Ranco. The detection of fecal coliforms in
the center of Lake Yelcho was unexpected because there
are no pollution focuses in that area. Salmonella was not
detected in samples from either lakes.

Bacteriological analysis of the sediment. The viable
heterotrophic bacterial counts were high, specially in sta-
tions of Lake Yelcho, where the counts were as high as
36,058 UFC/g (Table 3). These values were two magnitude
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Table 2. Bacterial counts of viable heterotrophic bacteria, total and fecal coliforms in the Lake Yelcho.

Sites Depht Viable counts Total coliforms Fecal coliforms
(m) {UFC/ml) (UFC/100 ml) (UFC/100 ml)
Dec May Dec May Dec May

Bl 0 420 30 42 14 0 0
5 * 70 b 49 b 0

15 250 30 100 29 0 0
B2 0 2560 80 228 48 0 10
5 320 - 302 e 0 *

15 110 160 300 68 0 5

25 665 = 152 . 2 b

B3 0 20 110 204 68 1 0
5 . 170 = 79 & 2

15 50 360 200 256 0 4
B4 0 710 700 290 270 4 42
5 970 . 84 = 3 =

B3 0 640 130 190 86 0 0

* No sampling due to turbulence,

Table 3. Bacterial counts of viable heterotrophic bacteria, total and fecal coliforms and sulphate-reducing bacteria in the
sediment of the lakes Ranco and Yelcho.

Lake Ranco Lake Yelcho
Max. Min. Max. Min.
Viable counts (cfu/g)’ 18213 1905 32593 32058
Total coliforms (cfu/100 g) 23000 1000 25300 400
Fecal coliforms (cfu/100 g) 0 0 0 0
Sulphate-reducing bacteria 1100 100 29500 200
(NMP/100 g)

' cfu [dry weight]
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Table 4. Percentaje distribution of viable heterotrophic microorganisms in the lakes Ranco and Yelcho.

Microorganism Percentaje distribution
Lake Ranco Lake Yeicho
Water Sediment Water Sediment
Gram pegative
Pseudomonas sp. 9.7 26,7 22,0 20,8
Alcaligenes sp. 4.9 3,3 3.8 0,0
Acinetobacter sp. 6,8 0,0 2,2 4.2
Runella sp. 0.5 0,0 0.0 0,0
Flavebacterium-Flexibacter 10,7 10,0 26,4 14,6
Aeromonas sp. il,2 3.3 4.9 83
Chromobacterium sp. 0,0 0,0 0,0 4,2
Enterobacteriaceae 34,0 30,0 14,8 8.3
Gram pogitive
Bacillus sp. 0,5 16,7 1,1 83
Corineforms 44 0,0 2,7 2,1
Micrococcus sp. 1,0 0,0 4.0 42
Staphylococcus sp. 49 0,0 1,6 0,0
Other
Yeast 0,0 0,0 2,7 14,6
Unidentified 11,7 10,0 12,6 10,4
Ranco. A similar situation was found in lake Yelcho de-
spite the oligotrophy reported by Soto ef al.?®. High bacte-

rial counts, the presence of total coliforms and Enterobac-
teriaceae suggest that the watershed are being affected by
the input of aliochthonous materials, mainly plants and ani-

mal waste and washing of soil.

Although no Salmonelia were detected, it does not
mean that the recreational use of this water or it’suse as a
source of drinking water for humans and domestic animals
is sanitary risk free, due to the presence of fecal coliforms

in some areas.
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