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“ Management Perspective 

This report sumarizes a three year study on the distribution 
patterns and densities of LegiQn§lla organisms in Canadian surface waters 

and the occurance of the organism in water distribution systems in private 

and public buildings within Canada. The study concludes that Legionella 
organisms are endemic to our fresh water at very low levels and to many 
potable water systems at variable concentrations levels. The suggested 

mechanism of contamination of potable distribution systems is by occasional 

passage of Legionella organisms through water treatment plants followed by 
proliferation-in the more supportive and less stressful environment of pot- 

able distribution systems and cooling towers. 
A 

The results of this study should not be construed as alarming. 

The presence of the organisms in the natural environment and distribution 

systems does not imply a health hazard and no management action for the bulk 

handling of water to control the organism is required at this time. Although 
this is the first report of Legionella organisms being widespread in Canada, 
previous widespread distributions have been reported in countries with more 
moderate climates. " 
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_ABSTkACT 

This report summarizes a three—year atudy_ on the 

distribution patterns and densities of Legionella organisms in 

Canadian fresh waters and in water distribution systems within private 
and public buildings across Canada. The findings of this study lead 

us to believe that Legionella organisms are. endemic to our fresh 
waters at very low levels and many "potable water systems, where 
concentrations vary greatly. 

The report suggests that the contamination of potable water 
supplies by Legionella organims probably occurs through the occasional 
passage of Legionella organisms through the water treatment plant and 
then settles in a supportive less stressful and probably less 

competitive environment within potable water and cooling tower 
systems. Then when conditions are favourable for their proliferation, 
massive population increases and aerial contamination occurs. From 
current experience, coloniation of a water system with Le ionella does 8 

. . 

not imply an health hasard, but the converse is true: where an 
outbreak occurs, colonization with the organism is likely to have 
occurred.
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RESUME 

Ce rapport resume une etude de trois ans sur les schemas de 

distribution et les masses volumiques des organismes Legionella dans les 

eaux douces et les reseaux de distribution de 1'eau d'alimentation des _ 

edifices prives et publics du Canada. Les resultats de 1'enquete indiquent 

que les eaux douces canadiennes contiennent toutes de tres faibles 

quantites de Legionella et que leur concentration dans les reseaux d'eau 

potable varie considerablement. Y 

Selon le rapport, la contamination de l'approvisionnanent en 

eau potable par la Legionella. peut se produire lorsque les organismes 

passent dans les usine de traitement des eaux et proliferent ensuite dans 
“ l'environnement plus favorable et moins menagant des reseaux de distri- 

bution et des tours de refroidissement. Puis, lOrsque les conditions 

sont propices E la proliferation, la population des organismes augmente 

de fagon considerable et la contamination de 1'air peut alors survenir. 

D'apres les resultats de 1'expérience dont il est ici question, la 

presence de colonies de Legionella dans les reseaux de distribution de 

1'eau ne comporte pas de risque pour la sante, mais 1'inverse est vrai : 

lorsque des cas de la maladie se declarent, ils ont en general ete 

precedes d'une proliferation des organismes.
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This report sumarizes a three year study on the distribution 
patterns and densities of Legionella organisms in Canadian surface waters 
and the occurance of the organism in water distribution systems in private 
and public buildings within Canada. The study concludes that Legionella 
organisms are endemic to our fresh water at very low levels and to many 
potable water systems at variable concentrations levels. The suggested ‘ 

mechanism of contamination of potable distribution systems is by occasional 
passage of Legionella organisms through water treatment plants followed by 
proliferation in the more supportive and less stressful environment of pot- 
able distribution systems and cooling towers. 

The results of this study should not be construed as alarming. 
The presence of the organisms in the natural environment and distribution ' 

systems does not imply a health hazard and no management action for the bulk 
handling of water to control the organism is required at this time. Although 
this is the first report of Legionella organisms being widespread in Canada, 
previous widespread distributions have been reported in countries with more 
moderate climates. "
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Perspective-gestion 

Ce rapport résume.une étude de trois ans sur les schémas de 

distribution et les masses volumiques des organismes Legionella dans 

les eaux de surface canadiennes et la fréquence de ces organismes dans 

les réseaux de distribution de l'eau d'alimentation des édifices privés 

et publics au Canada. Selon les résultats de 1'enquéte, on trouve 

de concentrations tres faibles de Le ionella partout dans les eaux8 

douces canadiennes et diverses concentrations dans un grand nombre de 

réseaux d'eau potable. Le rapport avance que les réseaux de distribution 

peuvent étre contaminés lorsque les organismes passent dans les usines de 

traitement des eaux et proliferent ensuite dans l'environnement plus 

favorable des réseaux de distribution de l'eau potable et des tours de 

refroidissement, 

I1 ne faudrait pas Etre alarmé par les résultats de cette 

étude. La présence des organismes dans 1'environnement naturel et dans 

les systemes de distribution ne comporte pas de risque pour la santé. 
\ . 

A l'heure actuelle, il n'est pas nécessaire de prendre des mesures de 

limitation de la Legionella dans le traitement de grandes quantités 

d'eau. Ce rapport est le premier 5 signaler la dissémination de la 

Legionella au Canada, mais on a déja fait état de cas de prolifération 

de cette bactérie dans d'autres pays au climat plus tempéré.



?1_ : IITRODUCIIOI 

Since 1979 there has been an increasing number of scientific 
papers and reports on the incidence of Legionnaires' Disease Bacillus 
in a variety of water sources. From the earlier papers (Morris et 

32., 1979, Politi _§ _ai., 1979 and Fliermans £32., 1979) it would 
appear that the natural habitats of Legionella species are fresh and 
stagnant waters. In later reports (Tobin it _a,_];_., 1981, Dufour and 
Jakubowki, 1982 and Dutka it 2, 1984) there is strong evidence that 
potable and industrial wjatler lines, both hot and cold, are also sites 
of semi—permanent or permanent Legionella lodgement. 

In the fall of 1981, a preliminary survey was carried out by 
the Microbiological Laboratories Section of the National Water 
Research Institute, on the incidence of Legionella or'gan_isms in the 
Canadian Great Lakes. Results of this preliminary survey of these 
Great Lakes’ waters indicated that Legignella organism were present 
in Great Lakes’ waters (Dutka and Ewan, 1983), therefore, it was 
decided to initiate a national survey on the distribution patterns of 
Legionella organisms in Canadian rivers and lakes as well as in 
various potable and cooling tower water supplies. -Therefore, to this 
end in 1982, 221 one litre water samples were collected from Lake 
Ontario, Ontario and Quebec lakes and rivers (Table 1) as well as a 
total of 129 water samples from 3l.public and private buildings in 
Gentral Ontario (Dutka it L1,, 1983). These buildings were sampled 
under the premise that since Legionella organisms are present in
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relatively clean Great Lakes'waters which are used as potable water 

sources, they may also be present in potable water treatment plants 

and thence spread into distribution lines and cooling towers in public 

and private buildings. . 

In 1983 this national survey was expanded with water samples 

being colleted from Lake Superior (25 sampling sites), the rivers and 

lakes of the eastern provinces of New Brunswick (23 sites), Nova 

Scotia (25 sites), Prince Edward Island (15 sites) and Eastern Quebec 

(3 sites) (Table 2). To further give this project national scope a 

total of 32 building were sampled in the following cities: Vancouver, 

Edmonton, Calgary, Popular River (Saskatchewan), Regina, Winnipeg, 

St. Catharines, Mississauga, Ottawa, Montreal, Quebec City, 

Fredericton and Halifax. From the 32 buildings a total. of 160 

two litre samples were processed for Legionella organisms. 

In 1984 the national survey was completed in June with the 

collection of two—litre water samples from rivers, lakes and. hot 

springs in British Columbia (16), Alberta (14), Saskatchewan (15), 

Manitoba (16), Northwestern Ontario (13) and North Central Ontario (4) 

(Table 3). After the completion of the 198k survey, five extra water 

samples were collected in September from hot springs in Banff (2) and 

Radium, B.C. (3). 

This report summarizes the results of this three year Canada 

wide study on the distribution patterns of Legionella orgflnims,
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HBTIIDDS 

Bacteriological Tests 
_ . 

All water samples (natural, potable, cooling tower or hot 

springs) collected for Legionella isolation and enumeration studies 

were treated the following manner: one or two litre samples were 

membrane filtered through 0.45 Lm (Lake Superior and drinking water), 

0.8 I-In (cooling tower and samples heavily contaminated with algae) 

or 0.6 Mn (the remainder of the samples) polycarbonate membrane 

filters. Where turbidity was very high, up to four membrane filters 

were occasionally required, with two being the usual. The membranes 

were then placed one face down and the second face up (to ensure that 

the bacteria could be easily dislodged in the sonication" process) in 

10 mL boiled tap water in 100 mL sterile capped ointment jars. Where 

four membranes were required, these were placed as noted above in two 

jars with 5 mL boiled tap water per jar. 

The ointment jars were then placed in a sonic sink for ten 

minutes to dislodge the bacteria from t_he surface of the membrane 

filter and into the water. Then portions of the sonicated sample were 

removed and acidified with a pl! 2 solution containing 0.2 H H01 and 

0.2 M K01. After ten minutes the sample was neutralized to pH 6.9 and 

0.5 to 1.0 mL aliquots were plated on all or some of the following 

media: buffered charcoal yeast extract agar (CCVC) with (Bopp gt il_., 
1981) and without (CCVC—) the addition of cephalothin, colistin,
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vancomycin and cyclohexamide, glycine vancomycin-polymyxin B (GVP) 

agar (Wadowsky and Yee, 1981) and CCVC agar with the addition of 20 

Hg/mL Hg so|,.*/ago (ccvc+) as recommended by Tesh and Miller (198-2). 

The agar plates were incubated for five days at 37°C. All 

suspected ' 
' colonies were streaked onto CCVC and nutrient Legionella 

agar plates and incubated at 20°C and 3l°C for three days. Only 

colonies appearing on CCVC agar incubated at 31°C and not on any other 

plates were subjected to confirmation tests as Legionella spp. on the 

basis of growth, biochemical and immunological characteristics (Feeley 

and Gorman, 1980). 

One variation of the above procedure was made with the 1984 

samples. All 1984 samples were treated as related above vplus the 

following: after sonication a four mL aliquot was removed from the 

capped ointment jars and placed in a sterile test—tube. The test tube 

of sample was placed in at 50°C water bath for 45 minutes, then 

removed and 0.5 mL to 1.0 mL aliquots plated on CCVC, CCVC—, CCVC+ and 

GVP agars orna combination of these agars with CCVC being used for all 

tests. Incubation and subsequent procedures were the same as detailed 

earlier. 

At selected sites in the maritime and western Canada 

provinces surveys, the following aditional microbiological tests were 

performed: heterotrophic plate count, densities using spread plate 

procedures (Dutka, 1978); total microbial densities using acridine 

orange fluorescent microscopy techniques (Rao it al., 1981); total 

respiring lmicrobial population as estimated by the 1NT—formazan
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reduction microscopic technique (Rao e_t LL, 1984); and ‘Str_eptomZces 

densities using membrane filtration procedures and incubation for 

seven days at 20°C on _Sta‘rch-‘casein agar of the following formulation: 

casein 0.3 g/L, NaN03 2.0 g/L, RaCl 2.0 g/La, HgS0;,.7Hg0 0,05 g/L, 

CaC03 0.02 g/Lg, FeS0|,.7H2O 0.01 g/L, agar 15.0 g/L, cyclohexamide 0.05‘ 

g/L and Milli Q Water 1 1.. 
I

, 

_les'nlts 

All during our studies on the incidence of Legionelila 

organism in natural water samples, we were continually plagued with 

overgrowth problems. 0ne reason for this problem is that viable 

culturable I,egione_1,l_a organisms appear to occur at the rate of less 
than one organism per mL of lake or river water (Dutka gt _al., 1984) 

while ll ml. of lake water contains approximately 105 bacteria. Thus 

the acid stress treatment proposed by Bopp £t_ a_l. (1981) tended to 

fail with natural water samples. 
_

" 

Realising that Legionella organisms are fairly. commonly 
found in various hot water systems i.e. shower heads, hot water taps, 
it was decided to evaluate the efficiency of heat stress to select out 

Leg-ionella organisms from the rather heavy concentration of natural 
aquatic flora. To this end several studies were performed to evaluate 

the effect of temperature stresses (40°C - 55°C) on the various steps 
involved in the final treatment of water samples prior to plating. We 

evaluated the effect of putting l or 2 mL of sonicated sample into 1



_ 6 - 

or 2 mL of hot acid (40°C — 55°C) for various periods of time, the 

effect of heating the sonicated sample for various periods followed by 

either- hot or cold acid stress (conventional ten. minutes) ad the 
.- I 

effect of putting hot or cold sonicated sample into hot acid (40°C - 

55°C) followed by hot neutralizer mix (40°C - 55°C). From these 

various combinations, it was ascertained that the most efficient and 

least stressful (on Legionella) of the above procedures to isolate and 

enumerate Legionella app. from the background flora was to suspend an 

aliquot of the sonicated sample in a 50°C waterbath for 45 minutes, 

then plating the sample on the various enumeration media. Typical 

results are shown in Table 4. 

In 1982 a total of 31 commercial and private buildings‘ 

water distribution lines and cooling towers were sampled for 

Legionella organism incidence. Three of these buildings were sampled 

twice and each of the surveyed buildings had water samples collected 

from two or more different sites. The results of some chemical 

analyses, saple and site description are shown in Table 5. From 

Table 5 it can be seen that approximately 551 of the sites (17 out of 

31) were positive for Legionella app. Table 6 suarizes the sites 

within the buildings which were positive for Le ionella as well as the8 

media from whichv the organisms were isolated. The densities of 

.Legionella app. in these samples varied from 60 to 124,000 per litre 

ind comprised five different L; pneumophila serogroups, l,3,4,5 and 

6. The highest overall concentration of shegionella organisms was 

obtained in the positive cooling tower water saples. For example on
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CCVC agar, there were 1,680 organisms/L (N = 10) in positive cooling 

tower water samples whereas there were 1,060 organisms/L-in'positive 

potable water samples (N = 18) expressed as geometric means. The CCVC 

agar appeared to be slightly superior (26 isolations) to, GVP (19 

isolations) in recovering Legionella pnenophila, both in frequency of 

isolation as well as the number of bacteria isolated. However, since 

GVP agar occasionally (eight times)recovered the target organism when 

it was not detectable by CCVC agar, its inclusion in the study proved 

to be useful. 

In 1982 a total of 112 water samples were collected from 

central and eastern Ontario and Quebec rivers and inshore lake sites 

(Table 1). Only one sample, collected from thfi bay spprolimfllély 100 

metres west of the Carlson Fisheries Dock on Blind River, Ontario was 

found to contain Legionella. The organism found was Legionella 
' at a concentration of 60 organisms per litre on GVP agar. Of dumoffi . 

the 109 offshore Lake Ontario, Erie and St. Clair water samples 

tested, only three were found to contain viable culturable 

Legionella. Two of these were surface water saples collected fro 

(a) between Wblfe and Amherst Islands off Kingston (Lake Ontario) 

which contained E; pneumophila serogroup 1, 60/L on GVP medium and (b) 

the Tbronto harbour area (July 12, 1982) which contained Q; 
pneumophila serogroup 5, 250/L on GVP medium. ‘A depth sample (14 

metres) collected at_the same Toronto harbour site on November 19, 

1982 yielded 60/L §=_pneumophila serogroup 6 on CCVC agar.

0



‘w _ 3 - 

In the 1983 Vancouver to Halifax survey of private and 

commercial buildings’ cooling tower waters and water distribution 

systems for Legionella organisms, it was found that buildings in the 

following cities were positive for Legionella organisms: Vancouver, 

Calgary, Regina, St. Catharines, Mississauga, Ottawa, Montreal and 

Halifax (Table 7). For information, chlorine levels and other 

chemical and physical analyses of the water samples are presented in 

Table 7. The repeated sampling of four sites within a Mississauga and 

St. Cathajrines Ontario, building, confirmed l982 studies which showed 

the presence of Legionella organisms in these buildings. Only two 

samples were positive for Legionella in the Mississauga building, both 

from the cooling tower sump, one collected in August and the other in 

September. The organism isolated from these cooling tower water 

samples was pneumophila serogroup 6, t-he same serogroup isolated 

during'the 1982 study. In the St. Catharines building an unusual 

feature was noted in that all five samples collected from a cold water 

tap over a three month period were found to contain pneumophila, 

serogroup l. Two of the St. Catharines cooling tower water samples 

were also positive for pneumophila, serogroup l while a shower 

sample produced a ‘ ' with a serogroup 1-3 cross reaction. V. pneumophila 

The majority of positive Legionella isolations from other cities were 

from cooling tower samples. The only other sampling cites positive 

for Legionella were shower facilities in Regina and Ottawa.
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The concentration of 
i 

Legianella Orgfiniiml. their 

identification and the media from which they were recovered'in this 

cross-Canada city survey are presented in Table 8. In this table it 

can be “seen that Legionella concentrations varied from .30/L to 

45,000/L (shower). In comparing which medium and media combination 

produced the most frequent number of Lagionella isolations, it was 

found that GVP (I2) and CCVC+ (11) were the most productive individual 

media; and when the following three media combinations were compared; 

CCVC and CCVC+, CCVC and GVP and CCVC— and GVP it was found that the 

CCVC+ and GVP media combination produced 18 of the 19 isolations, CCVC 

and GVP produced 15 of the 19 isolations and the combination of CCVC 

and CCVC+ only produced 12 positive Legionella isolations.
_ 

The location of the 25 sampling stations in Lake Superior 

which were sampled for Legionella organisms in 1983 are shown in 

Figure 1. A total of four sampling cruises were carried out on Lake 

Superior and on three of these cruises, ' organisms were Legionella 

found, each time at a different station: station #187, northeast of 

Ashland, Wisconsin (June), Legionella spp.; station #50, northeast of 

Hunsing, Michigan (September) 2; pneumophila serogroup 1; and station 

#135 at the mouth of Black Bay east of Sibley, Ontario Provincial Park 

(November) l=_pnenmophila serogroup 6. 

Also shown in Figure l are the other sampling sites from 

within the Canadian Great Lakes where Legionella organisms were 

previously isolated: (a) between Wolfe and Amherst Islands off 

Kingston in Lake Ontario (July 1982); (b) Toronto Harbour, surface and
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14 metre depth samples (July and November 1982) (c) Lake St. Clair 

(September 1981) and (d) Georgian ‘Bay (September 1981.)’. The 

concentrations of these Legio_nel_l,a organisms isolated and the medium 

from which they were isolated are presented in Table 9. Here it can 

be seen that CCVC medium as compared to GVP medium agar was the most 

productive medium (see Table 6). However, as also seen in Table 6, 

the media tend to complement each other by isolating Legionella 

organisms from samples where the other medium had failed to do so. 
' 

The 66 water" samples collectedfrom the three maritime 

provinces and eastern Quebec in 1983 all were negative for l',eg_io_nel,lQ 

organisms by the isolation and enumeration technique used. However, 

during this study at selected stations other bacteriological baseline 

data were collected in hopes of correlating positive and negative 

Legionella isolations with various bacteriological parameters. These 

data, for reference only, are presented in Table 10. 

Of the 83 water samples collected during 1984, from the 

western provinces and northwestern and central Ontario lakes, rivers 

and hot springs, only three samples were positive for Legionella by 

culturing techniques and two solely by serological techniques. All of 

these positive samples were associated with hot springs (Table ll). 

During the original survey of western Canada, only the hot springs at 

Harrison and Fairmount were sampled and from these two samples, a 

positive isolation of _l_.egi_o_nelIla_ _pneumop_hi_la serogroups 1 and 4 was 

found at Fairmount. Because of this finding, five other hot spring
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saples were collected later, three from Radium, B.C. and two from 
Banff, Alberta. 

Four of these five samples showed signs of Legionella 
organisms, two by culturing techniques and two by serological 
techniques (Banff). In one instance, Radium Hot Springs, a sample 
(Table ll) from the container which collects the hot water out of the 
rock fissure, was found by culturing techniques to have _20 Legionella 
pneumophila serogroup 1 per litre and yet serological tests on the 
water failed to show any signs of Legionella. Usually the literature 
records the reverse set of events. 

In testing the five extra hot spring samples, a modified 
cvcc+ medium V88 also evaluated. 

_ 

This new cvcc+ medium (CCVCA) 
contained an additional 0.08 g/L cyclohexamide and 0.002 g/L 
Terremycin, and in one instance, Radium Hot Springs, sample no. 891, 
the only begionella cultured was on this modified medium. In Table 12 

are presented, for information only, some microbiological data from 
selected stations in this western Canada survey. 'AV 

Further studies are being carried out on the serological 
presence of Legionella organisms in some of the western Canada water 
samples that were negative by culturing techniques._
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DISCUSSIOI 

The results of our four year environmental sampling 
programme would indicate that culturable levels of Legionella 
organisms are not readily found in Canadian waters. In 1981 and 1982 
studies, only one sample was found positive out of 112 water samples 
collected from Quebec and Ontario lakes, rivers and inshore waters of 
the Canadian Great Lakes. In addition only three samples were 
positive in 109 offshore samples in Lakes Ontario, Erie and St. 
Clair, The 1983 survey of the Maritime provinces’ lakes and rivers 
which failed to find any Legionella, would suggest that Legionella 
organisms are not a major or even a minor part of the aquatic flora in 
this part of Canada. Also in 1983 of the 100 water samples collected 
from Lake Superior only three were positive for Legionella and the 
concentrations did not exceed 270 organisms per litre. The western 
Canada survey in 1984 failed to find any Legionella_organisms in the 
76 river and lake samples collected, however five of the seven hot 
spring samples were positive for Legionella pnenmophila serogroup 1 
and 4 and serogroup 1-4 by culture and serological techniques. 

Aside from the hot spring samples, the authors of this 
report believe tht Legionella organisms are present in some or many of 
the environmental waters tested, but at levels which are not 
detectable by the techniques used. The culturing techniques used, all 
seem to work on a hit~0t*mi8s type of response, but none of them are 
able to sufficiently suppress background growth which, in many
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instances, at the suspected Legionella concentration present, 
overgrows the agar medium. Then, when dilutions are made to solve the 
overgrowth problem, the few viable Legione-lla organisms which might be 
there. are diluted out. Thus, in most instances, the finding of 
Legionella organisms in a water sample» is like trying to f-ind a needle 
in a haystack; you know it is there, but where. 

It is assumed that the success we have encountered with hot 
spring samples, as well as hot. water tap and cooling tower samples, is 
due to the heat of the samples which tends to reduce the normal 
background heterotrophic bacterial populations encountered in natural 
water samples. Thus these heat stressed samples give the media and 
selective techniques a better chance to isolate and enumerate the 
Leg-ionelila organisms present. 

Other important factors which play a role in Legionella 
isolation are the stresses on the organism due to membrane filtration, 
sonic sink and acid or heat treatments. In a previous study by Dutka 

st (1983), it was reported that in pure culture studies, often 
only 102 or less of the potential population was isolated when thé 
organisms were subjected to membrane filtration, sonic sink and acid 
stresses. Thus, background flora plus isolation technique stresses 
are believed to be responsible for the paucity of positive isolations 
of Legionella organisms from environmental samples. Notwithstanding 
the foregoing, the results of this study also strongly support the 
concept that Legionella organisms, when ‘present in natural waters, 
form only a very minor fraction of the microbial flora.
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In contrast with the low frequency of isolation of 
Legionella spp in the outdoor environment, cooling tower and potable 
waters in the indoor environment were often contaminated with L; 

_ , ._. 
pneupphila. In the Central Ontario, 1982 study of water supplies in 
various buildings, 272 of the samples contained the bacterium st a 
concentration of between 60-124,000 organisms per litre. In the 1983 
survey of various waters in buildings across Canada, 122 of the water 
samples tested contained Legionella at concentrations varying from 30 
to 45,000 organisms/litre. These samples included hot. and cold 
potable water, water fountains, showers and cooling tower sumps and 
condensers. All of these waters originate from similar sources 
(closed system potable water 8UPPlies) and the finding of Legionella 
in so many widely separated distribution systems leads to the 
conclusion that Legionella organisms are common fresh water bacteria, 
and can survive potable water treatment processes. They then appear 
to colonize within the hot and cold water distribution systems of 
buildings (Tobin st 31., 1980 and Tison and Seidler, 1982) without 
producing overt disease or clinical findings, except in rare 
instances. 

It was observed that only E; Eneumophila serogroups 1,3,4,5 
and 6 were detected in water samples collected from various buildings 
during the course of this study. Serogroups l and 6 were 
predominant. It is of interest to note that the same serogroups are 
those most often detected in clinical specimens in Canada (Bernard and 
Ewan, 'unpublished data). This suggests that the frequency of
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incidence of these types (1 and 6) as a cause of infection may be 

related to their predominance in the environment. ' 

The data from this study and _the philosophy we hold 

regarding the sources of. Legionella found in water distribution lines 

(Dutka gt _a_l., 1983) are still in agreement with and more strongly 

support the conclusions of Dufour and Jakubowski (1982) that the main 

source. of Legionella spp contamination is the environment, where they 

may be present at low (or sometimes high) levels. It is probable that 

contamination of potable water supplies by Legionella occurs through 

its occasional passage through the water treatment plant and then 

settling in a supportive less stressful and probably less competitive 

environment within potable water and cooling tower systems. Then when 

conditions are favourable for their proliferation, massive population 

increases and aerial contamination occurs. From current experience, 

colonization of a water system with the organism does not imply a 

health hazard, but the converse is true: where an outbreak occurs, 

colonization with the organism is likely to have occurred.
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FIGURE 1. 1983 Lake Superior Legionella sampling sites and sites of 

positive isolations from previous Great Lakes studies.
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TABLE 1.) Ontario and nebec Lggioella Sampling Sites, 1982 
Great Lakes Shoreline Samples 
Jordan Harbour - Lake Ontario 
Port Dalhousie - Lake Ontario 
Port Weller - Lake Ontario 
Wiarton - Georgian Bay 
Sauble Beach - Lake Huron 
Port Dover - Lake Erie 
Rock Pbint 9 Lake Erie ‘ ' 

Cornwall - Lake Ontario 
Prescott - Lake Ontario M 
Kingston Mills - Lake Ontario 
Bay of Quinte - Lake Ontario 
Southhampton - Lake Huron 
Meaford - Georgian Bay 
Blind River - Georgian Bay 
Thessalon - Georgian Bay 
Bronte - Lake Ontario 
Pt. Edward - Lake St. Clair 
Mitchell Bay - Lake St. Clair 
St. Clair Beach - Lake St. Clair 
Port Stanley - Lake Erie 
St. Joseph Island - Georgian Bay 
Streams, Rivers and Canals 
Stratford - Thames River 
RichelieuvRiver 
Sorel - St. Lawrence River 
Hawkesbury - Ottawa River 
Courtright - St. Clair River 
La Salle - Detroit River 
Port Colbourne - Welland Canal 
Deep River - Ottawa River 
Lakes 

Little Current — Georgian Bay 
South Bay Mouth - Georgian Bay 
East Cerry Beach - L. Ontario 
West Cherry Beach e Le Ontario 
Parry Sound - Georgian Bay 
Cobourg — Lake Ontario ' 

Kingston - Lake Ontario 
Sandhurst - Lake Ontario 
Cyperus Lake - Georgian Bay (PP) 
MacGregor Pt. - Lake Huron (PP) 
Point Farms - Lake Huron (PP) 
Pinery - Lake Huron (PP) 
Ipperwash - Lake Huron (PP) 
Tremblay - Lake st. Clair (PP) 
Holiday Beach - Lake Erie (PP) 
Wheatley - Lake Erie (PP) 
Rondeau e Lake Erie (PP) 
Long Point - Lake Erie (PP) 
Turkey Point - Lake Erie (PP) 
Sault Ste» Marie - Georgian Bay 

Point des Cascades - St. Lawrence R 
Richmond — St. Francis River 
Oka - St. Lawrence River 
Murray Canal 
Port Lambton - St. Clair River 
Amherstburg - Detroit River 
Fort Erie - Mouth of Niagara River 

Crow Lake 
Sharbot Lake 
Marble Lake 
Stoco Lake 
Moira Lake 
Barr‘-Y’? Bear 
Trout Lake 
Baptiste Lake 
Head Lake 
Gull Lake 
Lake Dalrymple 
Kahske Lake 
Lake Couchching 
Lake Scugog 
Lake Simcoe 
Lake Muskoka 
Lakenflipissing 
Ramsey Lake 
Lake Timiakamin8_ 
PP = Provincial Park 

Elliot Lake 
Boulevard Lake 
Thunder Lake 
Plastic Lake 
Turkey Lake 
Clearwater Lake 
Hannah Lake 
Richard Lake 
McFarlane Lake 
Silver Lake 
Kelly Lake 
Wavy Lake 
Wind Lake 
Lahi Lake 
Ramsey Lake 
Lac Chamlain 
LaclBrome 
Lac Memphremagog 
Lac Massawippi 

Lac Magog 
Lac Brompton 
Lac la Ronge 
Lac St. Francis Savier 
Cranenest Lake 
Lower Beverly Lake 
Mississippi Lake 
Little Round Lake 
Silver Lake (PP) 
Black Lake (PP) 
Maxinaw Lake (PP) - 

Bon Echo Lake (PP) 
Rice Lake (PP) 
Silent Lake (PP) 
Carson Lake (PP) 
Lake st. Peter (PP) 
Balsam Lake (PP) 
Lake Simcoe (PP)



IABLB 2. Canadian Eastern Provinces and Eastern Quebec L2§ione1la Snpling 
_ Sitea, 1983 

Eastern Quebec 

St. Lawrence River at Riviére-de-loup 
Lac—au-Sauon 
St. Lawrence River at Hont.Jo1i 

New Brunswick 

Lake Temiscouta 
St. John River at Edmundaton 
St. John River at Grand Falla 
Skiff Lake 
Spednic Lake 
Lake George ~ 

Magaguadavic Lake 
St. John River at Maugerville 
French Lake 
Grand Lake at Princess Park 
Young: Cove ' 

Washademoak Lake 

N S ' ova cotia 

Wentworth Lake 
'Pubuico Lake 
Goose Lake 
Lake-George 
10 Mile Lake 
Cameron Lake 
Hebb Lake 
Little Muahamuch Lake 
Waterloo Lake 
Hire River 
Baddeck River 
Lake Ainslie 

Prince Edgard_Lsland 

Pisquid River 
Fortune.River 
’Boughton River 
Cardigan River 
Hurray River ' 

Belle River 
Vernon River 
Lake at Avondale 

Belleisle Bay 
Kennebecasia Bay 
Utopia Lake 
Spruce Lake 
Little Bear Reservoir 
Centennial Park Pond at Moncton 
Peticodiac River 
Richibucto River 
Hiramichi River 
Nepisiquit River 
Restigouche River 

Henry Lake 
Ke amey Lake 
Long Lake in Halifax 
Lake Banook 
Burnt Lake 
East Sheet River 
Gleneleg Lake 
Guysborough River 
Loch Lamond 
Salt Lake 
Harrison Lake 

Bradshaw River 
McAugland Pond 
Trout River 
Ellis River 
Pond on Hargate River 
Pond above dam on Hunter River 
Stewart: Pond



TABLE 3. Canadian Iestern Provinces and Iorthwestern and North Central 

British"Co 
Pitt River 
Hayward Lake 
Fraser River at Mission City 
Harrison Hot Springs . b 

Harrison Lake 
Fraser River at Hope 
Stagit River_ 
Similkamen River 

Alberta 
Minnewanka Lake 
Banff Hot Springs 
Bow River at Banff 
Abraham Lake . 

N. Saskatchewan River at Rocky Mt. Howe 
Sylvan Lake 
Gull Lake 
Buffalo Lake 
8 k h 33 QFCWEVQQ 
North Saskatchewa River at Battleford 
Whiteshore Lake 
Saskatchewan River at Saskatoon 
South Saskatchewan River 
Reed Lake 
Lake Diefenbaker 
Buffalo Pound 
Wescana Lake 
M ‘it ba 83 0 
Steeprock River 
Swan River 
Lake Winnipegosis at Camperville 
Lake Winnipegoais at Winnipegosis 
Dauphin Lake 
Clear Lake 
Assiniboine River 
Souris River 
KorthwesterngandgKorth"Central"0ntarig 
Lake of the Woods 
Crow Lake Kettle Lakes 
Rainy River at Fort Francis 
Shebandowan Lake

A 

Boulevard Lake in Thunder Bay North 
wild Goose.Lake near Geraldon 
Long Lake at Longlac 
Nagsgami River 

Ontario Legionella Sampling Sites, 1984 

lumbia 
Nicola Lake- ' - 

St. Thompson River 
Shuswap Lake 
Mara Lake 
Okanagan Lake

g 

Columbia River at Revelstoke 
Fairmount Hot Springs 
Radium Hot Springs 
Windermere Lake 

Slough near Bittern Lake 
Pigeon Lake 
Cooking Lake " 

Vermillion River at Vegreville 
Vermillion River at~Vermi1lion 
Kenilworth Lake 
Battle River- 

Mountain Lake 
Katepwa Lake 
Big Quill Lake 
Saskatchewan River, Highway 6 
Tobin Lake 
Prairie River 
Deer River 

Pelican Lake 
Crescent’Lake 
Lake Manitoba 
Red River 
Lake Winnipeg at Grand Beach 
Lac du Bonnet 
Winnipeg River 
Westhawk Lake 

Remi Lake 
Kettle Lakes 
Lake Timiskaming 
Lake Timagami 
Lake Nipissing 
Vernon Lake 
Muskoka Lake 
Conestoga Lake



TABLE 4. Comparison of the aonication - heat atreas enumeration 
procedure with conventional aonication acid atreas procedure 
to ocreen out backgroud gicrobial flora to allow Eggionella 
°rs!=.1i@# .<.=<.>\!=!¥=.'.¥~.=1.><.>¥'.=¢<!-1'¢¥.?!-: ...... ....... .. 

Selection Treatment R0. of Io. of 
Legionella Heterotrophic 

‘ ' pneumophila Bacteria 
.§¢t<>s¥9\.11.>. 4 . .

‘ 

CCVC GVP Nutrient Agar 
. c . . . . . ..-_\s§¥..4...és§r..c.........._....c 

No treatment direct 178 90 180 
plating after sonication 

Conventional sonication 88 75 13 
and acidification 

Sonication + 30 min at 50°C 89 99 3 

Sonication + 40 min at 50°C 73 80 1 

Sonication + 50 min at 50°C 51 76 1 

Sonication + 60 min at 50°C 49 53 1
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TABLE 9. Summary of Legionella isolatiops Iron the Canadian Great Lakes 

fining the period 1981-19$3 

Sampling Site 

. 
Media used and Concen- 
tration of Legionella/L 

Organism CCVC CCVC— CCVC+ GVP 

L. Superior 
#187 

L. Superior 
#50 

L. Superior 
#l35_ 

Li Onto 
Kingston area 

Lo Ont. 
Toronto Harbour 
1 m 

L. Ont. 
Toronto'Harbour 
lb m. 

Georgian Bay 

L. St. Clair 

L. puneumophilau) 30 

in pneumphila Serogroup 1 30 

in p§§ugBQil5_Serogroup 6 0 

L9 pneumophila Serogroup 1 0 

in pneumophila Serogroup 5 O 

L. pnguggphila Serogroup 6 60 

L. pneumophila Serogroup 6 250 

in pneumophila Serogroup 6 600 

I- 

270

0

0 

NT* 

NT 

NT 

NT 

NT 

120

O

O 

60 

250 

O 

0

0 

‘NT = not tested 
(1) Organism lost before final serotyping could be completed.

$
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