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were transferred to tubes containing 10 ml nutrient broth (CM 
67, Oxoid) which were incubated under microaerohic and s.tatic 
conditions as described above. The bacteri,al density was then 
adjusted to approx. 107 CFU/ml, and 0.9 ml of this suspension 
were added to 900 ml of each of the 5 water millfous to be tested, 
giving a fiinail concentration of approx. 104 CFU/ml. The 900 ml 
suspensions were shaken thoroughly and subdivided into three 
500 ml Duran bottles (no. 21801443, Schott, Mainz, West Ger
many), each contad,Illing 300 ml of bacterial suspensiiO'll. These 
bottles were incubated at 4, 12, and 20°C, respectiively, under 
aerobic and static conditions wHh no exposure to light. 

Withdrawal of samples 
At daiily ,i,ntervals, the bottles were shaken, aind 10 ml samples 

were withdrawn. The samples were double-filtered through a 0.7 
µm and a 0.22 µm membrane fiilter (HCWG 04 7S3 and GSWP 
04700; Millipore). Both filters had a diameter of 47 mm. The 
double filtration was carried out as a one-step procedure, us.mg 
a prefilter attachment (SM 16807, Sartori:us GmbH, Gottin,gen, 
West Germany), combined with a vacum£ilter holder (SM 16201, 
Sartorius). After filtration of each sample, 10-20 ml sterile 
physiological saline were processed through the fiJter system to 
ensure that any campylobacters rema,iniJng on the walls of the 
fillter holder were trapped by the filters. All apparatus was di1s
infected between each sample. 

Determination of survival 
Fmers were cut into halves which were placed on the sur

face of 2 dissimilar selective agar media: colistiin-amphoterici1n
kefl:itn (CAK) agar (Rose/ et al. 1983) and Skir:row's agar (Skir
row 1977). The plates were iJncubated at 42°C in a miicroaerobic 
atmosphere, as spec.ilfied above, and the filters were checked for 
growth of campy:lobacters after 24 and 48 h. The criteria for 
identification of Campylobacter spp. have been presented prev
iously (Rose/ et al. 1983). For determination of endpoints,, filters 
were placed :iin tubes contairung 10 mil of Campylobacter enrich
ment broth (Rose/ 1981). The endpoint was defined as the time 
(no. of days) when campylobacters could no longer be, detected. 
The enrichments were incubated at 42°C for 24 atnd 48 h under 
microaerobic conditions, and 0.1 ml was subsequently plated 
out onto CAK and Skirrow's agar. Plates were incubated and 
read as before. 
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Tab I e 2. Survival of 3 eampylobacter strains in 5 diffel"ent water milieus 
kept at 4, 12', and 20°e. 

Viabilitya (days) in 

Sterile Chlorinated Dechlorinated Polluted Sterile filtered 
physiological tap water tap water river water river water 

Strain saline 

4°C 
e. jejuni (eeUG 6824) 21 4 15 15 15 
e.coli (eeuG 8320>) 4 0 15 12 8 
NARTe (e 2t91) 4 1 15 10 9 

12°C 
e. jejuni (eeUG 6824) 15 3 1,0 12 12 
e.coli (eeUG83W) 5 0 10 11 9 
NARTe (e 2rn) 5 0 10 6 4 

20°C 
e. jejun.i (CeUG 6824) 2 2 2 2 2 
e.coli (eeUG 8320) 1 0 2 2 0 
NARTe (e 219) 1 0 2 0 0 

a The endpoint was defined as the time (no. of days) when campylobacters 
could no longer be detected. 

RESULTS 
Of the 3 Campylobacter strains tested, CCUG 6824 (C. jejuni) 

showed the longest survival time at all 3 temperatures and i!n 
alI 5 water milieus compared (Table 2). The mean survival times 
acvoss all water miJlieus were: (i) CCUG 6824 (C. jejuni): 14.0 
days (4°C), 10.4 days (12°C), and 2.0 days (20°C), (iii) CCUG 
8320 (C. coli): 7.8 days (4°C), 7.0 days (12°C), and 1.0 day 
(20°C), (iiii) C 219 (NARTC): 7.8 days (4°C), 5.0 days (12°), 
and 0.6 day (20°C). The highest viabililty detected in this study 
was recorded for strain CCUG 6824 iln physiological saline kept 
at 4 °C. This strain remained viable for 21 days, whereas strains 
CCUG 8320 and C 219 both survived for only 4 days under these 
conditions. 

Of the 3 temperatures investigated, the longest mean surviival 
time for all strai.ins and media was recorded at 4°C (9.9 day,s), 
followed by 12°C (7.5 days), and 20°C (1.1 days). Wi1th few ex
ceptions, all organisms survived better at 4°C than at 12 or 20°C, 
regardless of the test mediium. Briefest survival was detected at 
20°C; no viable campyloba!Cters could be demonstrated afiter 
more than 2 days in any of the med'ia. 
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logical milieus, including foods (Blaser et al. 1980, Doyle & 
Roman 1981, Svedhem et al. 1981, Blankenship & Craven 1982). 
Due to the climatic conditions prevailing in Norway, the tem
perature of most drinking water reservoirs is close to 4 °C for 
several months a year. Hence, untreated drinking water may be 
a more effective vehicle for thermotolerant campylobacters in 
Norway and other northern countries than in the tropical region, 
when there has been a poi.int source of contamination (Blaser et 
al. 1980). An extensive indigenous reservoir of thermotolerant 
campyfobacters has been detected among Norwegian wiild and 
domestic animals (Kapperud & Rose{ 1983, Rose{ et al. 1983), 
and contamination of surface waters may consequently occur. 
Therefore, more investigations should be made to determine the 
significance of drinking water as a potential source of human 
Campylobacter infections. in this country. 

Chlorination is widely used for diislinfection of drinking water. 
Wang et al. (1983) demonstrated that 1.25 mg of hypoehloriite 
per 1Hre killed 3 Campylobacter strains withiin. 1 min, at an 
inoculum size of 103-104 CFU/ml. This observation indicates 
that standard chlorination procedures are probably suffli.cient 
to prevent the spread of campyilobacters along aqueducts and 
pipelines. All waterborne outbreaks of campylobaeteriosis of 
which the author is aware have involved consumption of un
ohllocinated or inadequately chlorinated water (Tiehan & Vogt 
1978, Mentzing 1981, Taylor et al. 1982, Vogt et al. 1982, Palmer 
et al. 1983, Penner et al. 1983, Taylor efo.Z. 1983). After chlori!l1a
ti..on, the concentration of Cl2 falls rapidly. The present results in
dfoate that even residual amounts of 012 ( < 0.06 mg/O in tap water 
drastically reduce survival. Nevertheless, one of the strains 
tested (CCUG 6824) survived for 2---4 days depending on the 
temperature (Table 2). Thils may reflect a further reduction of 
Cl2 concentration after the experiments was started, slince no 
efforts were made to maintain a constant Cl2 level. In any case, 
the possibli.lity of contamination by leakage into pii..pes or aque
ducts after the final chlorination remains as a potential hazard. 
This iis especially pertinant with regard to water sources with 
a higher pH and a higher content of organic matter than the tap 
water examined in this study. Both these factors al'e known to 
counteract the effect of chlorination. In this context, the low in
fective dose of thermotolerant campylobacters (Blaser et al. 
1980, Robinson 1981) is naturally of concern. 










