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Abstract. Two complexes of lakes and canals supplying water for two electric power plants, their
steam condensors and an adjoining river were investigated by means of culture methods for the
presence of Naegleria fowler: in Poland in the period from 1974 to 1980. Sixty-four strains of N. fowleri
were isolated, 13 isolates being virulent for mice when instilled intranasally. These strains were found
in the steam condensor of the power station A and in waters polluted with warm water of this plant.
Pathogenic N. fowleri strains occurred also in an adjoining river connected with the water system
of the power plant. The results show the possible role of the steam condensor A as an incubator
and regular source of pollution with pathogenic amoebae for its own system of cooling waters and
even the adjoining river.

Shortly after the description of the first cases of primary amoebic meningoencephalitis
in man (Fowler and Carter 1965), the link between the disease and previous swimming
of the victims in thermal waters was proved. This relationship became clear after
discovering the pathogenic N. fowleri in environment. The first strains were isolated
from fresh water (also tap-water), dry soil and sewage sludge (Andersonand Jamieson
1972a, b, Singh and Das 1972, Gordeeva 1973, Griffin 1973). In 1974, Kasprzak
and Mazur found for the first time pathogenic Naegleria in samples taken from waters
thermally polluted by discharges of an electric power station. Subsequently other
authors found pathogenic isolates in discharges of different thermal polluting factories
(DedJonckheere et al. 1975, Willaert and Stevens 1976, Wellings et al. 1977,
Cerva et al. 1980). DeJonckheere and co-workers conducting extended studies
(1975, 1977), proved the strong link between the distribution of pathogenic N. fowler;
and the thermally polluted waters and demonstrated the presence of the amoeba in
numbers sufficient to cause a serious health problem (DeJonckheere 1978). The
authors stated also that the lack of these amoebae in some thermally polluted waters in
the neighbourhood of the sites of pathogenic strain isolation indicates the existence of
some other factors—apart from high temperature—determining the selective proli-
feration of N. fowlers. :

The finding of pathogenic Naegleria in discharges of thermal polluting electric power
station (Kasprzak and Mazur 1974, Kasprzak et al. 1975) initiated several years’
observation of the distribution of these amoebae. The aim of this investigation was to
determine the frequency of N. fowleri presence in the waters and the relationship between
the amoeba distribution and the temperature changes in the primary biologically
healthy waters in Poland.
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We isolated N. fowleri also from samples taken from steam condensors of both
power stations. However, the pathogenic isolates occurred only iq steam condensor
of station A (Table 1). Also in this sampling site the pathogenic strains were not found
in all samples; most likely it might depend on the samples taken from different chambers

of the steam condensor.

i

ic i i i i i i fer to the numbers
Fig. 1. Schematic illustration of sampling sites. Numbers of sampling sites re She
ix:gTables 1 and 2; epsA and epsB — the electric power stations A and B; rW — the river; a — the
lakes in water complex of epsA; b — the lake in water complex of epsB.
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Table 2. Results of N. fowleri isolation from samples taken in the period
from 1974 to 1980

. Water I No. of } No. of
Sa':i&l}mg ‘ temperature s?r(r)x. (I)efs N. fowleri pathogenic
°C) P | strains | strains
SCA I 38—40 | 4 ’ 4 } 2
1 17—26 . 6 4 1
2 I 15—30 10 ' 8 3
3 1429 14 11 ! 2
4 10—27 9 7 0
5 8—24 10 0 0
6 8—25 6 1 0
7 8—24 9 ; 3 0
8 9—19 s g | 0
[ | |
scB i 38—40 2 1 ! 0
9 18—28 | 4 4 0
10 C13—27 11 8 | 0
11 . 10—29 4 4 ‘ 0
12 [ 4—16 | 8 ‘ 7 ‘ 5
Total | 101 ! 64 ‘ 13
I |

Numbers of sampling sites refer to the numbers in Fig. 1.
scA and scB — steam condensors of power stations A and B.

Table 3. Occurrence of N. fowleri according to the period of the year

No. of No. of No. of
Period of the year sam. los N. fowleri pathogenic

mp | strains ! strains
March—May 37 l 22 7
June—August ‘ 28 ’ 13 2
September—November | 17 15 2
December—February 13 ' 9 0

i ;

Table 4. Virulence of isolated N. foulert strains for mice

[ No. of No. of Days from
Strain ’ inoculated | dead .mice inoculation
‘ mice | to death
1/1 ‘ 5 2 9, 14
2/1 l 5 4 11, 15, 15, 18
2/2 5 2 10, 19
2/3 4 2 8, 12
3/1 5 5 6, 10, 10, 10, 13
3/2 5 5 6,7,7,8,8
12/1 5 3 11, 11, 12
12/2 8 5 8,8,8,8,8
12/3 5 4 8, 8, 8, 20
12/4 5 2 13, 16
12/5 5 3 9, 11, 14
scA/l 6 6 6, 7, 8, 10, 10, 10
scA/2 5 3 12, 14, 14
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Fig. 2. Water temperature in sampling sites and number of isolated N. fowleri strains.

DISCUSSION

Our study demonstrated — like the investigations conducted by DeJonckhgere
et al. (1975: 1977), DeJonckheere (1978),Willaert and Stevens (1976), Wel}lngs
et al. (1977) and Cerva et al. (in press) — that the thermotolerant N. fowler: strains —
both pathogenic and non-pathogenic — occur in waters therrpal]y polluted by warm
industrial discharges. We found N. fowleri also in waters 'w1th. temperature normal
for our climatic region; however, these waters were connected with t'he ?hermally pol-
luted ones. The most distant sampling place positive for amoebae yielding was about
13 km from the outlet.

Most of N. fowleri strains were isolated from sites where the temperature pf the water
ranged between 17 °C to 21 °C and not in waters with highest temperature in the whole
cooling water system. Similar evidence is provided by our recent study of waters
thermally polluted by warm effluents from different power stations in Czechoslovakia
(Cerva et al., in press). . '

Conducting the observations for years we found that N. fowler: did not occur conti-
nuously in the sampling sites investigated. But we did not observe any clear correlation
of amoebae distribution and the period of the year. DeJonckheere andVanDeVogr.de
(1977) isolated also N. fowler: in summer as well as in winter and e).(pressed bhg opinion
that heated biologically healthy waters provide a place for continuous proliferation
of N. fowler.
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We found that about 20 %, of strains isolated were virulent for mice when instilled
intranasally. Of some interest is the occurrence of the pathogenic strains exclusively
in samples taken from water complex receiving discharges from electric power
station A (i.e. downstream the station). This observation correlates well with the
demonstration of pathogenic N. fowleri solely in the steam condensor of station A.
The difference between the two power stations (A and B) regards the time of their
initiation; the station A has been working for 21 years, while the station B for 12 years.
Dedonckheere and Vand De Voorde (1977) and Cerva et al. (in press) also stated
that the distribution of N. fowleri may be bound up with the cooling waters of older
factories.

The finding from the steam condensor of station A shows its possible role as an incu-
bator and regular source of pathogenic amoebae pollution for its own complex of cooling
waters. One can expect that the variable occurrence of pathogenic N. fowleri in this
environment seems to be bound up primarily with irregular discharging of the amoebae
from the steam condensor as a site for their continuous growth. On the other hand,
according to DeJonckheere (1978), further factors may give different chances for
pathogenic N. fowleri, resulting in such a decrease in their number which diminishes
the chances of isolation.

The most interesting finding in this study is the frequent occurrence of pathogenic
strains in the distant river. As mentioned above, the electric power station A is discharg-
ing its warm effluents partly into the river but the sampling site is about 13 km distant
from the station outlet. The isolation of thermotolerant pathogenic strains in samples
taken in the months when the temperature of water was low suggested that the amoebae
occurrence was neither a consequence of proliferation permitting conditions nor a resting
form of amoebae introduced a few months earlier (DeJonckheere and Van De
Voorde 1977). Also in this case one can expect the periodical discharging of amoebae
from the steam condensor of station A. More rapid water stream of the navigable canal
connecting the lake nearest to the outlet of station A and the river may permit the
distribution of pathogenic amoebae to a distant place. Also lately we did not find fa-
vourable conditions for continuous settlement of amoebae in the environment and sup-
posed that their distribution in discharging waters was accidental (Cerva et al., in
press). More extended study is actually in progress; a. o. we could not find any strains
of N. fowleri in other neighbouring waters not receiving thermal discharges.

The results of this study, as well as our recent study (Cerva et al., in press), confirm
the opinion of DeJonckheere (1978) that the water temperature itself does not secure
the possibility of N. fowler: isolation. In consequence it is difficult to predict the amoeba
distribution in thermal waters and even to exclude its occurrence in non-polluted waters.
However, one has to accept the opinion that thermal polluting factories are the main—
if not the only one—source of contamination in our climatic zone. The distribution of
pathogenic N. fowleri in discharges of these factories emphasizes the necessity of parasi-
tological examinations of cases of meningoencephalitis among the population who
uses waters polluted by these discharges for water sports.

NAEGLERIA FOWLERI B BOJIAX, ITO;IOIPEBAEMBIX CTOKAMH
JNEKTPOCTAHI M

B. Racupmar, T. Maayp u JI. YepBa
Peatome. [Ipa xommaexca 03ep M KaHAJIOB, HOCTABJIAIOMEKX BOAY AJA ABYX 9.IeKTPOCTARIMI, HX

HCUADUTENsHEIe KORIGHCATOPH M COCENHIO PeKy 00CIeoBANHA Ha Haimume N aegleria fowleri
IPA nOMOIM KynbTepaunn. OOciTeoBARMA ocymecTeuIuck B Honpme B 1974—1980 rr. Bruto

217



Beijlesien0 64 mramMoB N. fowleri, B ToM umcae 13 MWTAMMOB BUDYIIEHTHHIX OJA MBIIEH IpH
HHTPAH433ILHOM BBEe[eEHI. AMEOH ObIsH BhIIeJeRbl U3 HCIIaPUTEILHOTO KORJEHCATOPA 3JIEKTPO-
CTAHONHE A W W3 BOJ, MOJOTPeBAeMBIX CTOKAMM 3TOH 9;JeKTpocTaHUMW. [IaToremHbie MITaMMbL
N. fowleri BeTpevamuch TakKe B cOCEIHEH pexe, cOeMHEHHOM ¢ BOIHOMA CHCTEMOH JIEKTPOCTaH-
nay. Pe3ys bTaTel NOKA3WBAIT BO3MOMHYIO PO.Jb HCIIAPHTEJNBHOr0 KOHAEHCATOpA A Kax MH-
Ky0aTopa M peryJasapHOro MCTOYHAKA LATOTEHHBLIX aMel He TONBKO JUIA CBOeH OXITaguTednhHOH

BOJHOHK CHCTeMBI, HO H IJf1 cocepHen PeKH.
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