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Abstract: A study of a model drinking water distribution system, using previously used galvanized steel pipes, was 
carried out to evaluate the impact of temperature on the growth and survival of total coliform, E. coli and 
Heterotrophic Plate Count (HPC) bacteria for a maximum of 21 days residence time in the water phase in pipes and 
their respective glass control bottles. The study showed that for water temperatures of 15, 25 and 37ºC, HPC 
bacteria initially increased in the first 2-4 days but much higher at 37ºC after which the bacteria began to reduce in 
numbers. On the other hand, the decline in coliform and E. coli levels was observed after 24 h and this continued 
until no such bacteria were detected in the water phase. The oligotrophic nature of HPC bacteria allowed them to 
initially survive and grow in the nutrient-deficient environment, while the copiotrophic coliform and E. coli, which 
prefer nutritionally rich environments, began to die, hence the decline in their concentration. Whereas the decline in 
bacteria levels at lower temperatures of 15-25ºC may be attributed to starvation and/or the temperature effect, those 
at ~37ºC might have been significantly caused by the relatively higher temperature they were subjected to. The 
results, thus, established that higher water temperature was seen as important factor in reducing the survival of total 
coliform, E. coli and HPC bacteria in the water phase in drinking water pipes. 
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INTRODUCTION 

 
Human health depends on safe drinking water more 

than any other thing, and most of the problems in 
developing countries are mainly due to the lack of safe 
drinking water (Parson and Jefferson, 2006). It is 
therefore apparent that the health of individuals 
depends on safe drinking water (Mahvi, 1996). 
Consequently, unpolluted safe drinking water has been 
one of the primary requirements for healthy and 
sustainable human life. However, disease-causing 
bacteria, fungi, yeasts, protozoa, etc., are systematically 
found in drinking water distribution systems, both in 
the water phase and on the pipe walls where they 
accumulate as biofilm, representing a characteristic 
microbial ecosystem relatively difficult to eradicate 
(Fass et al., 1996). Among the indicators of the 
presence of disease-causing bacteria in water are the 
coliform group of bacteria and Heterotrophic Plate 
Count (HPC) bacteria. Occurrence of coliforms in 
finished water in the absence of known breaches of 
treatment barriers, continue to be a major problem in 
the drinking water industry and have emerged as a 
critical regulatory issue (Camper, 1991). Understanding 
the sources of water quality degradation during 
distribution has become a priority for water producers, 
because research has suggested that such degradation 
increases the rate  of  gastrointestinal illness (Payment 
et al., 1997). 

Members of the coliform group are described as all 
aerobic and facultative anaerobic, Gram-negative, non-
spore-forming, rod-shaped bacteria that ferment lactose 
with gas and acid formation within 24-48 h at 35-37ºC 
(WHO, 1996), or develop a red colony with a metallic 
sheen within 24 h at 35oC on an Endo-type medium 
containing lactose (Rompre et al., 2002). Thermo 
tolerant coliforms are a group of coliform organisms 
that are capable of fermenting lactose at incubation 
temperatures of 44-45ºC. This group comprises the 
genus Escherichia coli (E. coli) and to a lesser extent, 
species  of  Klebsiella,  Enterobacter  and Citrobacter. 
E. coli is the most common coliform found in the 
intestines of humans and warm-blooded animals, and its 
presence might be principally associated with fecal 
contamination (Rompre et al., 2002), since it is 
specifically of fecal origin. Thus their presence in water 
or soil may be an indication of fecal pollution. The 
distinctive characteristics of coliforms, which make 
them useful as indicators of fecal contamination, 
include their presence at higher levels in the samples 
than the suspected pathogen, and their more resistance 
to disinfectants than the pathogens themselves. Fecal 
coliform bacteria such as E. coli are usually long term 
inhabitants of aquatic ecosystems as they originate from 
the intestines of mammals (Singh and McFeters, 1992). 
Thus, these organisms serve as “indicator bacteria” of 
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recent fecal contamination and may suggest that 
potentially harmful pathogens be present in the water. 

Because it is impractical to monitor drinking water 
for every possible microbial pathogen such as bacteria, 
fungi, yeast, and protozoa, a more logical approach is 
the detection of organisms such as the coliform group 
that are normally present in the feces of human and 
other warm-blooded animals and often associated with 
the bacteria (Allen and Edberg, 1997). Consequently, 
the use of normal intestinal organisms as indicators of 
fecal pollution rather than the pathogens themselves is 
universally accepted for monitoring and assessing the 
microbial safety of water supplies (WHO, 1996). Thus, 
the routine monitoring of the bacteriological quality of 
drinking water relies on the extensive use of indicator 
organisms such as E. coli, coliforms and HPC bacteria 
(Fricker and Fricker, 1996). For instance, E. coli strains 
give symptoms of waterborne diseases such as 
dysentery with fever, urinary tract infection, severe 
bloody and watery diarrhea, abdominal cramps, nausea, 
vomiting and possible hemolytic uremic syndrome that 
may lead to kidney failure (WHO, 1996; Moe, 1997). 

HPC bacteria are naturally present in all aqueous 
environments, and they undergo multiplication cycles 
in drinking water, especially in closed containers or in 
tap  water when chlorine levels are dissipated (Edberg 
et al., 1997). They are considered a useful general 
indicator of water quality (Tryland and Fiksdal, 1998). 
HPC represent bacteria that are able to grow and 
produce visible colonies on the media used and under 
the prescribed conditions of temperature and time of 
incubation. Colony counts are usually determined after 
incubation at 22 and 37ºC to assess the relative 
proportions of naturally occurring water bacteria 
unrelated to fecal pollution and of bacteria derived from 
humans and warm-blooded animals respectively 
(WHO, 1996).  

The main objective of this research was to examine 
how pathogenic E. coli, total coliforms and HPC 
bacteria respond to changes of temperature in drinking 
water distribution systems. The research employed a 
laboratory-based experimental model of drinking water 
distribution system contaminated with traces of the 
above-mentioned bacteria to determine the survival of 
the micro-organisms. 

 

MATERIALS AND METHODS 
 
Preliminary investigation of the state of the pipes: 
The study was carried out at the Institute of 
Environment and Resources, Technical University of 
Denmark. Three used galvanized steel pipes were used 
for the experiment, and were initially stored in a room 
with a temperature range of 15-20ºC. The laboratory 
work began by testing the state of the three pipes to be 
used for the investigation. This was carried out to 
determine the existence and/or concentrations of 
coliforms, E. coli and HPC bacteria in the various 
pipes.  

The drinking water used in this study was tap water 
extracted from an aquifer and treated at the Lyngby 
Water Works. The water sample, with a pH of about 8 
was collected at the Microbiological Laboratory of the 
above-mentioned institute. To start with, the water was 
sterilized in an autoclave at 121ºC for 15 min. 
Afterwards, the pipes were fully filled with the cooled, 
sterilized water and kept at room temperature for 24 h. 
Triplicates of 50 mL were filtered for coliform 
quantification and the same procedure repeated for E. 
coli. No coliforms and E. coli were found in the pipes 
with a detection limit of 0.7 cfu/100 mL (Table 1), 
indicating the absence of coliform and E. coli in the 
pipes prior to the commencement of the actual 
experiment. In the case of the HPC bacteria, triplicates 
of 100 µL were spread on R2A agar plates, which were 
subsequently incubated at 25ºC for 7 days. The results 
obtained indicated an initial HPC bacteria concentration 
between 3.9×102 and 4.7×102 cfu/mL in each of the 
pipes (Table 2). 
 
Sources of contaminating bacteria: The contaminant 
used to spike the drinking water in the pipes was non-
chlorinated, secondary effluent obtained from the 
Lyngby Taabæk Kommune Wastewater Treatment 
Plant, also located in Lyngby, Denmark. Because of the 
anticipated high concentration of bacteria in the treated 
wastewater, the sample was diluted 10 times. The 
treated wastewater was used because naturally 
contaminated (i.e., coliform-, E coli- and HPC-positive) 
drinking water samples were not available. 

Table 1: Summarized results of initial coliform and E. coli concentrations in the pipes used 
    Coliform 

------------------------------------------------------------- 
E. coli 
----------------------------------------------------- 

Dilution factor Vol. filtered (mL) Pipe 1 Pipe 2 Pipe 3 Pipe 1 Pipe 2 Pipe 3 
1 50 0 0 0 0 0 0 
1 50 0 0 0 0 0 0 
1 50 0 0 0 0 0 0 
cfu /100 mL   <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 
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Table 2: Initial HPC bacteria concentration in the pipes 
  HPC bacteria 

--------------------------------------------------- 
Dilution factor Pipe 1 Pipe 2 Pipe 3 
1 35  50  45  
1 40  53  36  
1 42  38  54  
Total cfu 117   141  131  
Vol. (10-3 mL) 300 300 300 
cfu/mL 390  470  437  

 
The wastewater samples were collected in sterile 250 
mL blue cap bottle on the day of each experiment. To 
ensure that the temperature of the surroundings, which 
was different from the effluent temperature, did not 
affect the bacteria in the water, the sampled wastewater 
was refrigerated until it was ready for use. 
 
Determination of the effect of water temperature on 
the survival of total and fecal coliforms and HPC 
bacteria: Because of the anticipated high concentration 
of bacteria in the treated wastewater, the sample was 
diluted 10 times its volume. After the tap water had been 
left to run for 5-10 min to ensure homogeneity, a 2000 
mL blue cap bottle was filled with 1824 mL of tap water 
and 60 mL of diluted, non-chlorinated, treated 
wastewater containing total coliform, E. coli as well as 
HPC bacteria. The prepared sample was then well mixed 
and divided into 6 equal portions of 314 mL, three 
portions of which were introduced into each pipe, while 
the remaining three portions were introduced into three 
glass control bottles. Thus, each volume of 314 mL 
contained 10 mL of diluted treated wastewater, 
corresponding to 1 mL undiluted treated wastewater. All 
the dilutions were done in pre-sterilized test tubes and 
bottles. The sterilization was carried out in an autoclave 
at 121ºC for 15 min. The glass control bottles, which 
had no biofilm on its walls, were introduced to 
distinguish between the impact or otherwise of biofilm 
on the bacteria. 

All the three pipes and their corresponding bottles 
containing the contaminated drinking water labeled 1, 2 
and 3 were incubated at 15, 25 and 37ºC, respectively 
(WHO, 1996) for 21 days. The 21-day residence period 
of water in the pipes was chosen because studies have 
shown that these bacteria may survive for days and 
weeks in water and sediment. Brandt et al. (2004) 
indicated that long retention time of water in the 
distribution system can reduce the water’s disinfectant 
residual and allows the deposition and accumulation of 
sediment. Thus, stagnant water can occur in dead-end 
pipes, or finished water storage facilities that are over-
sized or have periods of limited use, and therefore, 
provides an opportunity for suspended particulates to 
settle into pipe sediments, for biofilm to develop, and 
for biologically mediated corrosion to accelerate. Both 

ends of each pipe indicating inlet and outlet were tightly 
capped to ensure no leakages and contamination from 
external sources. Each cap had an opening of <50 mm 
used as the injection point with 10 mL sterile syringes 
attached to both ends. To ensure that the pipe was 
always filled with water, any volume of water sample 
drawn from the pipe through the outlet was replaced 
with an equal volume of drinking water at the inlet, 
representing a plug flow. 

During the residence period, water samples were 
drawn out of each pipe and the corresponding bottle for 
bacterial enumeration, after residence times of 1, 2, 3, 4, 
5, 6, 7, 10, 14, 18 and 21 days for coliform, E. coli and 
HPC bacteria. Dilution factors within the range of 1-103 
for total coliforms and 1-10 for E. coli were maintained 
 
Enumeration of bacteria: Total and fecal coliforms 
were enumerated by the total coliform membrane 
filtration technique described in Evison and Sunna 
(2001) using membrane lauryl sulphate agar (MLS-
agar) medium (Miljostyrelsen, 1997). Detailed 
description is given in Rompre et al. (2002). Triplicates 
of each sample were prepared and analyzed to 
determine the consistency of the results. Details of the 
filtration process and precautionary measures employed 
are described in Miljøstyrelsen (1997). Subsequent to 
the filtration process was incubation at temperatures of 
37±1 and 44±1ºC for 21±3 h, for coliform and E. coli 
detection respectively (Rompre et al., 2002). 

After the incubation period, the yellow colonies 
formed on each plate were counted and the total 
number of the coliform bacteria in 100 mL of the water 
sample filtered was calculated using Eq. (1) 
(Miljøstyrelsen, 1997): 
 
Amount of total coliform bacteria in 100 mL = 

∑
∑

V
C 100*  

                              (1) 
where, ΣC is the amount of yellow colonies counted ΣV 
is the total volume of the sample that was filtered. 

To confirm the presence of E. coli, the following 
procedure was followed. From the yellow colonies 
incubated at 44±1ºC, 4-5 of the colonies were 
transferred to LTL Bouillon tubes by a sterile needle 
with each colony into each tube. The tubes were again 
incubated for 24 h after which 0.3 mL of Kovacs Indol 
was added to each tube. A positive E. coli test was 
signified by the presence of both red ring in the upper 
layer of the bouillon and an air bubble in the Durham 
tube. The total number of the E. coli bacteria in 100 mL 
of the filtered water sample was calculated using Eq. 
(2) (Miljøstyrelsen, 1997): 
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Amount of E. coli in 100 mL = 
∑

∑
AV

BC
*

*100*

               
(2) 

 
where 
ΣC and ΣV : Same as in Eq. (1) 
A : The number colonies which have been 

filtered 
B : The number of the colonies which have 

been sub-cultivated to verification 
 

In the enumeration of HPC bacteria, a Finn pipette 
was used to transfer 0.1 mL of the sample onto the R2A 
Agar plate in the LAF bench. Metallic pins with 
triangular head were used to uniformly spread the 
sample on the plate. The metallic pins were 
continuously sterilized by a gas flame, after which they 
were allowed to cool before they were used for the 
spreading. Each diluted sample was prepared in 
triplicate. The plates were then incubated at 25ºC for 7 
days (Camper et al., 1996) with the plates always 
turned upside down. After seven incubation days the 
agar plates were counted, using a Stuart scientific 
colony counter, for the number of HPC bacteria 
colonies formed.  

In calculating the mean total cfu/mL, figures that 
appeared odd and inconsistent, and thus making 
comparison impossible were rejected. This was done to 
avoid the situation where such values might increase 
the error of the mean. It was also observed that the 
higher digit numbers produced accurate results. 
Additionally, plates with colonies numbering over 300 
that were too many and indistinctive, and in most cases 
clustered together which made counting impossible 
were not enumerated (Niemela, 1983). The mean total 
colony forming units per milliliter and its standard 
deviation (σ) were calculated using the following 
relations (Niemela, 1983): 

Mean density (Y) =
∑
∑

i

i

V
C                            (3) 

  
Error of the Mean (σ) = 

∑
∑

i

i

V
C

      
         (4) 

 
where 
Ci : Individual colonies 
Vi : Volume of original sample  
 
Bacterial quantification in biofilm: In determining the 
concentration of bacteria in the biofilm, the pipe was 
agitated with 14 mL of drinking water in the respective 
pipes. This small volume was used because the 
emphasis was on the biofilm and not the bulk water 
phase. It was assumed that most, if not all, of the 
bacteria present would be released into this volume of 
water. For each pipe, diluted solutions were prepared 
from the 14 mL water. The enumeration procedure for 
total coliform, E. coli and HPC bacteria were the same 
as those described for the water phase above. 
 

RESULTS AND DISCUSSION 
 

Temperature is perhaps one of the most important 
controlling factors influencing microbial growth in 
drinking water distribution systems. For instance, 
LeChevallier et al. (1996) observed significant coliform 
growth in filtered water systems at temperatures of 0-
5ºC to >20ºC. This study investigated the effect of 
temperature on the growth and survival of coliform and 
HPC bacteria in the three pipes and their corresponding 
glass bottles containing equal volumes of contaminated 
drinking water exposed to temperatures of 15, 25 and 
37ºC for pipe 1/bottle 1, pipe 2/bottle 2 and pipe 
3/bottle 3, respectively. 

 
Table 3:  Results of relationship between temperature and HPC bacteria in pipes and bottles for selected days at 15, 25 and 37ºC for 21 days 

residence time 
 
 

cfu/mL 
--------------------------------------------------------------------------------------------------------------------------------------------------- 

Day Pipe 1 (15ºC) Bottle 1 (15ºC) Pipe 2 (25ºC) Bottle 2 (25ºC) Pipe 3 (37ºC) Bottle 3 (37ºC) 
0 5285a 4895 5365a 4895 5332a 4895 
1 5516 4613 5419 4935 6000 5161 
2 6633 5193 6323 4633 6548 5700 
3 6072 5200 6629 4900 7490 5920 
4 5710 5467 7200 5000 8032 6032 
5 5000 4161 6968 6033 7567 6875 
6 4130 3600 6050 5671 7076 6440 
7 3710 2767 5548 4710 6226 5903 
10 2455 2000 4322 3967 4900 5133 
14 1677 1333 3489 2935 3867 4000 
18 1400 1420 2467 2000 2767 3000 
21 1333 1500 1813 1375 2063 1645 

a: The sum of existing HFC bacteria in pipe and what was introduced into it 
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(a) 

 

 
(b) 

 
Fig. 1: Response of HPC bacteria to different temperatures in 

(a) pipes and (b) glass control bottles after 21 days 
maximum residence time 

 
Heterotrophic Plate Count (HPC) bacteria: The 
results  of the HPC bacteria study are presented in 
Table 3. For the HPC bacteria,  the  errors  of  the mean  
 

values (σ) range from 6.3-15.1%, with 77% of the 
estimates having percentage error of less than 10%. All 
these values fall within the range indicated by Niemelä 
(1983). The initial HPC bacterial levels in the pipes 
were slightly higher than those in the bottles as 
explained in the foot note of Table 3. The pipes showed 
a generally steady growth of bacteria, reaching the 
maximum levels of 6.6×103, 7.2×103 and 8.0×103 
cfu/mL for temperatures of 15, 25 and 37ºC, 
respectively, representing an average growth factor of 
1.4 (Table 3; Fig. 1a). Afterwards, the bacterial counts 
began to decrease (Fig. 1a), initially with relatively 
steep slopes, which gradually became gentler between 
days 6 and 21. Pipes 1 and 2 attained their maximum 
growth on day 4 and both displayed similar patterns, 
slightly different from pipe 1, which recorded a 
dramatic increase in bacterial counts, reaching its peak 
on day 2 (Fig. 1a). Except for the first 2 days, the levels 
of HPC bacteria in the pipes were in the order; pipe 3> 
pipe 2> pipe 1.  

The bottled samples showed rather fluctuating 
patterns in the first 4 days. In bottle 1 (15ºC), a decline 
in bacterial levels in the first 24 h preceded the normal 
growth pattern between days 1 and 4, where a 
maximum count of 5.5×103 cfu/mL was obtained, 
representing an increase of 572 cfu/mL. Growth at 25ºC 
in bottle 2 remained almost constant for the first 24 h, 
declined to 4.6x103 cfu/mL for the next 2 days, and 
steadily increased to a maximum population of 6.0×103 
cfu/mL on day 5. On the other hand, appreciable 
growth of  805 cfu/mL was recorded in bottle 3 at 37ºC 
in the first 2 days (Fig. 1b). There was a steady growth 
until day 4, after which there was a sharp increment 
reaching a maximum concentration of 6.9×103 cfu/mL 
on day 5. Comparison between the pipes and their 
respective bottles revealed a higher growth of HPC 
bacteria in the former by an average of 24%. 

The difference in HPC bacteria growth in the pipes 
and their corresponding glass control bottles could be 
attributed to two factors: 

Table 4: Results of relationship between temperature and coliform bacteria in pipes and control bottles for selected days at 15, 25 and 37ºC for 21 
days residence time 

 cfu/100 mL 
--------------------------------------------------------------------------------------------------------------------------------------------------- 

Day Pipe 1 (15ºC) Bottle 1 (15ºC) Pipe 2 (25ºC) Bottle 2 (25ºC) Pipe 3 (37ºC) Bottle 3 (37ºC)
0 4671 4671 4671 4671 4671 4671
1 3333 3933 3467 4267 3100 3450
2 2940 3733 2950 3800 2400 3060
3 2367 3667 2667 3500 1900 2900
4 1980 2970 2682 3276 1880 2850
5 1767 2333 2700 2983 1833 2533
6 1600 2200 2067 2325 1620 2100
7 1533 1667 1433 1867 1500 1333
10 <3.3 <3.3 <3.3 <3.3 <3.3 <3.3
14 <3.3 <3.3 <3.3 <3.3 <3.3 <3.3
18 <3.3 <3.3 <3.3 <3.3 <3.3 <3.3
21 <3.3 <3.3 <3.3 <3.3 <3.3 <3.3
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(a) 

 

 
(b) 

 
Fig. 2: Changes in coliform levels as a function of residence 

time in (a) pipes and (b) bottles after 21 days 
maximum residence time. Corresponding temperatures 
are indicated in Table 5 

 
• The presence of biofilm in pipes, which tends to 

promote their growth and later on release them into 
the water phase. 

• Because no bacterial nutrient was introduced to 
both pipes and bottles, the prevailing conditions 
could be comparable to oligotrophic environment, 
where there was the possibility that the pipes might 
have their own substrate not from direct external 
source which was utilized by the HPC bacteria for 
growth. 

 
These observations conform to that of Besner et al. 

(2001), who showed that at higher water temperature, 
there is a corresponding increase in HPC bacteria 
growth and regrowth in drinking water distribution 
systems. The results also corroborate the findings of 
Prevost et al. (1998) and Laurent et al. (1997), who 

showed that higher water temperature played an 
important role in bacterial regrowth phenomena in 
distribution networks. LeChevallier (1990) also 
observed significant microbial activity in water at 15oC 
or higher. Boe-Hansen (2001) and references therein 
indicated that the detachment of biofilm bacteria 
accounted for the increase in HPC observed in the bulk 
phase. In this study, it was anticipated that the decrease 
in bacterial levels at higher temperatures (e.g., 37ºC) 
would be more pronounced compared to the 15ºC due to 
environmental stress at the latter temperature. However, 
this was not observed and no explanation is readily 
available. 
 
Total coliforms: For the coliform and E. coli bacteria, 
the mean values produced errors ranging from 9.0-
15.8%, which fall within the range indicated by 
Niemelä (1983). The growth response curves of 
coliform to different temperatures show similar 
declining trends for all the pipes and glass bottles 
(Table 4 and Fig. 2). From the initial levels already 
stated above, there was a decline in bacterial counts in 
the pipes for all the temperatures. The decrease in pipe 
1 at 15ºC was continuous, even though the curve was 
less steep between days 4 and 7. In pipe 2 at 25ºC, the 
level of bacteria decreased to 2.7×103 cfu/100 mL after 
3 days, remained relatively stable between days 3 and 5 
and continued to decline until no bacteria was detected 
on day 10 and beyond. Pipe 3 (37ºC) showed a 
declining trend similar to that of pipe 2 but having 
comparatively lower coliform levels between days 3 
and 5 (Fig. 2a). The bacteria population in this case was 
1.9×103 cfu/100 mL after 3 days (Table 4). Afterwards, 
there was a systematic decrease in bacterial levels from 
days 5 to 7 after which the bacteria counts fell below 
the detection limit. It would be noted that the rate of 
decline at 37oC was faster than at temperatures of 25 
and 15ºC, with average decline rate of 461, 334 and 384 
cfu/100 mL/day, respectively for the first 3 days. 

The glass control bottles on the other hand showed 
gentler decline in growth than in the pipes, recording an 
average decline rate of 167, 195 and 295 cfu/100 
mL/day for 15, 25 and 37ºC, respectively for the first 
three days. In pipe 1, after a marked decrease in 
bacterial levels within 24 h, as indicated by the slope of 
the curve, the decrease became less drastic between 
days 1 to 3 (Fig. 2b). Subsequently, between days 3 and 
5, the decrease in bacterial counts became more 
pronounced as reflected in the steeper slope between 
the said days. Bottle 3 recorded an initial steeper 
decrease between 0 and 2 days after which the decline 
was stalled between days 2 and 4 and subsequently 
reverted to a decline rate similar to the initial period 
(Fig. 2b). The rate of decrease in bottle 2 could be 
described as near uniform. 

Between days 3 and 5, the coliform counts in the 
bottles at 15, 25 and 37ºC had declined by 1.3×103, 517  
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Table 5:  Results of relationship between temperature and behavior of E. coli in pipes and control bottles at 15, 25 and 37ºC for selected days up 
to 21 days residence time  

 cfu/100 mL 
---------------------------------------------------------------------------------------------------------------------------------------------------

Day Pipe 1 (15ºC) Bottle 1 (15ºC) Pipe 2 (25ºC) Bottle 2 (25ºC) Pipe 3 (37ºC) Bottle 3 (37ºC)
0 172 172 172 172 172 172
1 140 144 156 150 159 163
2 134 141 119 142 147 152
3 130 136 93 131 129 133
4 91 125 73 121 116 117
5 59 89 60 84 93 81 
6 24 66 23 63 34 68 
7 <3.3 34 <3.3 24 <3.3 48 
10 <3.3 <3.3 <3.3 <3.3 <3.3 <3.3
14 <3.3 <3.3 <3.3 <3.3 <3.3 <3.3
18 <3.3 <3.3 <3.3 <3.3 <3.3 <3.3
21 <3.3 <3.3 <3.3 <3.3 <3.3 <3.3

 

 
(a) 

 

 
(b) 

 
Fig. 3: Changes in E. coli counts as a function of water 

residence time in (a) pipes and (b) bottles after 21 days 
maximum residence time. Corresponding temperatures 
are indicated in Table 5 

 
and 367 cfu/100 mL, respectively.  The lowest coliform 
concentrations in the water phase were recorded on day  

7, representing a decline factor of 64, 60 and 71%, 
respectively for bottles at 15, 25 and 37ºC with respect 
to the initial coliform concentration. However no 
coliform was detected in the water phase from days 14 
to 21. The decline in coliform cells in the water phase 
in the pipes, which was faster than in the bottles, could 
be attributed to the migration of the bacteria to the 
already existing biofilms in the former. With no 
nutrients added to neither the bottles nor the pipes, this 
observation could be due to the fact that, where as the 
biofilm in the pipes provided ideal environment for the 
bacteria to thrive in, such a condition did not prevail in 
the bottles, and therefore the bacteria in the latter had 
nowhere to migrate to. In addition to the biofilms, the 
decrease in bacterial concentration could be ascribed to 
the effect of starvation or the relatively high 
temperature that caused the death or disappearance of 
the bacteria. On the other hand, the disappearance of 
coliform bacteria in the water phase in the bottles might 
be due to the sole effect of environmental stress such as 
starvation and/or temperature change. 

It has also been suggested that utilities in cold 
climates may experience increased microbial activity 
even at temperatures <10ºC, because the microbial 
populations present in the supply have adapted to 
growth at low temperatures (LeChevallier et al., 1996). 
In a typical Danish environment with an average 
temperature of 9-12ºC (Boe-Hansen, 2001), it was 
expected that the bacteria at 15ºC would be more  stable  
and disappear slowly than those subject to higher 
temperatures. However, the general observation was 
that the curves for bottles 1 (15ºC) and 2 (25ºC) 
displayed identical patterns, with a slower decline rate 
than in bottle 3 (37ºC) (Fig. 2b). Thus, by comparing 
the temperatures used in this study, the 15 and 25ºC 
were moderately closer to each other and the pair could 
therefore represent ideal temperature range for bacteria 
survival (Fig. 2a and b). On the other hand the rapid 
decline in pipe 3 at 37ºC could be attributed to 
environmental stress such as the relatively high 
temperature which they were exposed to.  
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The results discussed above corroborates those of 
previous studies (e. g., Fass et al., 1996; Block et al., 
1997) who reported that within few hours after 
introducing the coliform bacteria into the system, a 
fraction of the contaminating organism was absorbed to 
the indigenous biofilm. Similarly, decrease in coliform 
levels at 20ºC has also been reported by Camper et al. 
(1996). 
 
E. coli: The E. coli results are presented in Table 5. The 
pipes showed continuous decline from an initial counts 
of 172 to 59, 60 and 93 cfu/100 mL, respectively for 15, 
25 and 37ºC within the first 5 days. These figures 
represent an average decreasing rate of 23, 22 and 16 
cfu/100mL/day within this period for the respective 
temperatures already stated (Table 5 and Fig. 3a) E. coli 
was not detected in the water phase at all the three 
temperatures from day 7 and beyond. 

The control bottle samples also showed a 
comparatively similar trend with the pipes (Fig. 3b). 
However, E. coli in the bottles persisted in the bulk 
water  phase  until day 7, yielding 34, 24 and 48 
cfu/100 mL (Table 5) at temperatures of 15, 25 and 
37ºC, respectively. This observation reflects the higher 
migration rate and consequent decrease in bacterial 
levels in the pipes than in the bottles. Thus the biofilm 
in  the  pipes provided favorable habitat for the bacteria, 
whilst the absence of such condition in the bottles 
probably made it impossible for the E. coli to migrate, 
but the only means by which they will disappear is to 
die. In a related study, (Silhan et al., 2006) discovered 
that E. coli survived longer at both temperatures of 15 
and 25ºC in glass control bottles than in corresponding 
drinking water pipes. 

The results indicate that E. coli bacteria in the 
water  phase of the pipes disappeared completely on 
day 7, suggesting that they were not able to compete 
with the indigenous organisms present in the water. It is 
also possible that other inhabitants in the water were 
consuming the E. coli. Furthermore, the possible 
grazing effect of protozoans on the bacteria in the pipes 
might have caused the E. coli cells to disappear much 
faster in the pipes than in the control bottles (Table 5). 
Additionally, the death of E. coli cells may provide 
nutrients for possible growth, and these nutrients might 
have been used by other bacteria such as HPC bacteria. 
However, since no nutrient was added to the system, 
the little nutrients available in the drinking water were 
probably used up by the HPC for growth whilst the 
coliforms and E. coli were left with very little to feed 
on and as already stated, their disappearance could be 
due to failure to survive the stress of starvation and/or 
temperature change or they probably migrated to the 
biofilm. 

These findings are consistent with earlier reports. 
The decrease in E. coli populations due to predation by 

protozoans was reported by Bogosian et al. (1996) and 
Sibille et al. (1998). Additionally, it was also reported 
that the copiotrophic nature of coliforms and E. coli 
requires higher nutrient levels to initiate regrowth as 
compared with growth of HPC bacteria (LeChevallier 
et al., 1996). There has also been a reported decrease of 
E. coli levels at 20ºC (Bogosian et al., 1996; Fass et al., 
1996; Block et al., 1997). Similar decreasing pattern of 
E. coli  cells  at  37ºC  was  also reported by Bogosian 
et al. (1996) who gave the possible cause of the death 
of the bacteria cells as temperature-dependent, 
starvation-induced phenomenon without relevance to 
natural environments. 

 
Bacteria survival in biofilm compared to the water 
phase: In drinking-water distribution system, bacteria 
are known to move to the biofilms (Fass et al., 1996; 
Block et al., 1997), which is dominated by microbial 
cells and their excretions (Szewzyk et al., 2000) and 
therefore appear to be more nutritive environments for 
such bacteria.  

In this study, samples taken and analyzed on the last 
day of the experiment revealed a significantly higher 
bacterial count in the biofilm as compared to the bulk 
phase.  After 21 days, the HPC bacteria showed an 
average of 9 times more bacteria in the biofilm 
compared to the water phase (Table 6). Furthermore, the 
biofilm contained between 20 and 50 times more 
coliform than the water phase, depending on the 
temperature under consideration. Similar trend was 
observed for E. coli with between 10 and 20 times more 
bacteria in the biofilm than in the water phase. The 
presence of organic material and algae in the biofilm 
probably enhanced the growth of these bacteria (Evison 
and Sunna, 2001), indicating that the there is preferential 
bacterial growth in the biofilm (Block et al., 1997).  

The initial growth of HPC bacteria could be due to 
the possibility of the biofilms releasing indicator 
organisms and heterotrophic bacteria into the water 
phase in the pipes (Camper, 2000). The lack of nutrient 
in   the   water   phase   in  pipes  might  have  caused the 
bacteria to migrate to the biofilm, which is dominated by 
organic and inorganic compounds, making it ideal an 
habitat for the bacteria to survive and grow. However, 
the death of bacteria in the pipes could be attributed to 
environmental stress such as starvation which eventually 
caused the bacterial levels to decrease (Boe-Hansen, 
2001). 

Among all the bacteria under investigation, 
significant growth was recorded in one instance for the 
HPC bacteria even though no nutrient was added in that 
case. This observation can be attributed to the 
temperature (LeChevallier et al., 1996) and the presence 
of substrate in the pipes. Thus, the biofilm provided 
additional nutrients and favorable conditions for the 
bacteria, thereby enhancing the growth rate in the pipe 
compared to the bottle, which has no biofilm. 
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Table 6: Temperature effect on the survival of bacteria in the water phase and biofilm in pipes on day 21 
 15ºC 25ºC 37ºC 
 HPC bacteria 

------------------------------------------------------------------------------------------------------------- 
Biofilm (cfu/mL) 8.9×103 2.0×104 1.7×104 
Vol. of water in pipe (mL) 14 14 14 
cfu/14 mL 1.3×105 2.8×105 2.3×105 
Inner surface area of pipe (cm2) 628.32 628.32 628.32 
cfu/cm2 2.1×102 4.5×102 3.7×102 
Water phase (cfu/mL) 1.0×103 1.8×103 2.1×103 
Biofilm/water phase 8.9 11 8.1 
 Total coliform 

------------------------------------------------------------------------------------------------------------- 
Biofilm (cfu/100 mL) 100 167 67 
Vol. of water in pipe (mL) 14 14 14 
cfu/14 mL 14 23.4 9.4 
Inner surface area of pipe (cm2) 628.32 628.32 628.32 
cfu/cm2 2.0×10-2 4.0×10-2 1.5×10-2 
Water phase (cfu/mL)  <3.3 <3.3 <3.3 
Biofilm/water phase 30.3 50.6 20.3 
 E. coli 

------------------------------------------------------------------------------------------------------------- 
Biofilm (cfu/100 mL) 33 67 33 
Vol. of water in pipe (mL) 14 14 14 
cfu/14 mL 4.6 9.4 4.6 
Inner surface area of pipe (cm2) 628.32 628.32 628.32 
cfu/cm2 7.4×10-3 1.5×10-2 7.4×10-3 
Water phase (cfu/mL) <3.3 <3.3 <3.3 
Biofilm/water phase 10 20.3 10 

 
In both cases, bacteria that were not able to survive 

the temperature and starvation perhaps died and their 
cells were probably used as nutrients for surviving 
bacteria to live on. Furthermore, the transfer of cells 
from the water phase to the inner surface of the pipe 
caused equilibrium to be reached between the amount of 
bacteria in the water phase and on the surfaces. The end 
result is a detachment process influenced by biological 
factors such as cell motility within the biofilm, synthesis 
and release of Extracellular Polymeric Substances (EPS) 
degrading enzymes, cell growth rate, grazing activity 
and cell death/lysis (Boe-Hansen, 2001). The detached 
bacteria from the surface are detected in the water phase 
as suspended bacteria, thereby increasing the bacterial 
population. This observation is buttressed by the 
findings of Camper et al. (1996). 

Unlike the conditions under which this experiment 
was conducted, if the sources and mechanisms that 
introduce these bacteria into drinking water pipes in real 
time situations are not contained, the bacteria will 
continue to thrive in the system, even in the water phase. 
As a result, there may not be a decline in bacterial 
population with time, as observed in this study. 

 
CONCLUSION 

 
The study has demonstrated that temperatures of 15, 

25 and 37ºC, generally have negative impact on 

coliform, E. coli and HPC bacteria levels, resulting in a 
decrease in their counts/milliliter in the water phase over 
a 21-day period. The results showed a decrease in 
coliforms and E. coli bacterial counts after 24 h, but was 
more pronounced at 37ºC. These bacteria are 
copiotrophs and could therefore not survive in 
nutritionally-deficient environment, hence the 
diminishing number of bacterial counts. The marked 
decrease of bacterial levels at 37ºC could be attributed to 
environmental stress caused by the excessive 
temperature that the bacteria could not endure. The HPC 
bacteria on the other hand recorded initial increase in 
counts with increasing temperature in the first 2-4 days 
before the bacteria began to reduce in numbers, 
suggesting that their oligotrophic nature allowed them to 
initially survive and even multiply before probably 
succumbing to starvation and/or temperature stress, 
which caused their numbers to dwindle. The results 
further demonstrate the possible migration of bacteria 
from the water phase to the biofilm since the latter 
provided a more suitable environment and safe haven 
for the bacteria to thrive on, thus promoting their growth 
and prolonging their survival in the system. The results 
indicate that, in the absence of nutrient, high 
temperature could be an important factor in reducing the 
survival and growth of these bacteria in water 
distribution pipes, thereby reducing the degradation of 
the quality of water running through the system.  
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