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ABSTRACT

Fifty samples of drinking water were collected from filters of
different houses during June and July 2006, in Riyadh City, Saudi
Arabia. No coliform were isolated on endo agar medium from any
samples while other bacterial counts ranged between 12-72 cfu per 100
ml, after 24 hours and 300 cf/}00mli after 48 hours of incubation at
37°C on nutrient agar. Nine samples yielded fungi on Czabeks Dox
medium at 25°C. The effect of some physical factors viz: incubation
temperatures, boiling for different times, pH and microwave on growth
of fungal isolates was studied. The results reveaied that 30°C was found
to be optimum temperature for Paecilomyces carneus and Penicillium
spp. while 25°C was optimum temperature for Penicillium jensenii. P
carneus and P. jensenii were unable to grow at 0°C, -10°C and -17°C.
While Penicillium spp.  Shows a very weak growth at these
temperatures. A ten minutes boiling checks the growth of P. carneus and
Penicillium spp. While 5 minutes for P. jensenii. The optimum pH 7.5
for P. carneus and Peniciflium spp. while 6.5 for P. jensenii. The
microwave treatments of 1sec reduced the growth: P. carneus 57.69%,
Penicillium spp. 47.62% and. P jensemii 55,56%, the growth were
completely stopped at 4, 5 and 3 sec. respectively

INTRODUCTION

Fungi, including yeasts and filamentous species or moulds have
been found m potable water and on the inner surfaces of distribution
system pipes. Either they survive water treatment or they enter the
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system afier treatment and remain viable. The most frequently isolated
fungal genera from household drinking water were reported -to be
Penicillium, Sporocybe, Acremonium, and Paecilomyces [Nagy & Olson
(1982 &1985)]. Filamentous fungi were detected in 104 out of 126
(82-5%) water samples, 95-2% of community water samples and 76-2%
of hospital water samples. Prevailing genera were Penicillium spp., and
Aspergiflus spp. [Arvanitidou er af, (1999)]. In order to assess the
dissemination of hygienically relevant fungi via the public drinking water
distribution system. a 12-month survey was performed on groundwater-
derived drinking water from 29 water supplies in Germany. No
correlation with standard hygiene indicators, such as £ coli or other
coliform bacteria was observed. Common opportunistic and allergenic
Aspergillus species were encountered only rarely. A limited number of
species of Acremonium, Exophiala, FPenicifllium and particularly
Phialophora dominated the fungal flora [Gettlich et al., (2002)]. To
evaluate the efficacy of preservation of fungi in distilled water for 12
months. 43 species of fungi were maintained in glass flasks with sterile
distilied water. These fungi showed growth after 12 month of
preservation [Diogo ef al., (2003)]. Water samples collected from one
hundred different points around the water distribution system in different
sections of the hospital. vielded, sixteen species of fungi, the most
frequent being Penicilliien spp. (24 %), Aspergiflus spp. (8§ %) and
Acremonium spp. (5 %) [Hapcioghu ef al., (2005)]. A. number of 94
mold species belonging ta 30 genera were isolated from Norwegian
water supply and drinking water [Hageskal et al, (2006)]. The
mycabiota was dominated by species of Penicillium, Trichoderma, and
Aspergillus, with some of them occurring throughout the drinking water
system. Several of the same species isolated from water may have the
potential to cause allergic reactions or disease in humans. Other species
are common contaminants of food and beverages, and some may cause
unwanted changes in the taste, odour or smell of water [Hageskal ef al.,
{2006)]. Heaith problems are possible, originating from mycotoxins,
animal pathogens and allergies. These fungi are associated with the
production of the mycotoxin and the odour secondary metabolite
geosmin [Ana ef al., (2006)]. Microwave sterilization and pasteurization
had been used for stabilization of different fruit juices, Abu Tava Khan
and Ostapenkoy (1995) have demonstrated the influence of the
microwave ftreatment on moulds (Aspergillus niger, Penicillium
glaucum) and yeasts (Saccharomyces cerevisiae) at different
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temperatures (35-80 DEG C). Microwave-treatment at 90 DEG C for 30-
40 s provided excellent chemical, biological and sensory quaiities for all
experimental juices during 6-month storage at 12-35 DEG C. (Abu-
Tavakhin & Ostapenkov (1995)]. Bacteria were reported to be fully
destroyed within 20 seconds and al! the fungi within 1 second of
microwave treatment [Park et al., (2003)].

MATERIALS AND METHODS

Water sampling

Samples of drinking water were collected during June and July
2006, from household water filters from different houses in Riyadh city.
Sterile sampling bottles (500 ml) were used to collect water samples.
Taps of the filters were cleaned with 70% ethyl alcohol, then the water
was allowed to run for at least 3- 4 minutes. and the tap did not touch the
bottle before and during sampling. Saples transport to the laboratory as
soont as possible. A total of 50 samples were Colleeted from different
houses.

Microbiological analysis

All the filtered water samples were cuitured on three media {endo
agar , nutrient agar and Czabeks-Dox agar). The presence or absence of
coliform bacteria in drinking water sources were detected using the endo
agar medium, the plates were incubated at 37°C for 24 h and 48 h.
Nutrient agar was used for enumeration of the total viable bacterial
count expressed as colony forming units (clu /1} [Ana et al, (2006)].
The Czabeks Dox agar plates were incubdted at 25°C for | week for
isolation of tungi.

Identification of fungi
The fungal isolates were identified by Prof. Dr. Youssuf
Gherbawy, Department of BioJogical Science, Taif University.

Effect of incubation temperatures on dry weight of filtered water
fungi:

The effect of incubation temperature on the dry biomass weight
of fungi isolated from filtered water was studied using ten different
incubation temperatures namely : -17, -10, zero, 5, 10, 15, 25, 30, 40, and
45°C}. The fungal isolates were cultured in 250 ml-capacity Erlenmeyer
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flasks contaiming 50 m! of Czapeks-Dox liquid medium for 5 days, five
flasks were used for each treatment. The cultures were filtered using
weighed filter paper, then dried in oven at 60°C for 24 h, and the dry
werohts of mycelia were determined.

Effect of boiling on dry weight of water fungi.

The fungal isolates were inoculated, separately, in 50 ml of
Czabeks Dox medium (in 250 ml- Erlenmeyer flasks), 21 flasks were
used for each fungus, of which 18 flasks were maintained in a boiling
water bath (at 100°C); after 1, 5, 10, 15, 30, and 60 minutes3 flagsks
were removed for each time, and leave 3 flasks without heating as control
test. All flasks incubated at 23°C for 5 days, then filtered, dried and the
mycelial dry weighis were determined.

Effect of hydrogen ion concentration on dry weight of water fungi:

The fungal isolates were grown in 250mi-Erlenmever flasks
containing 30 mi! Czabeks-Dox medium with hydrogen ion
concenlrations at pH 3.4.7, 5.5,6.5. 7.5, 8.1, 9.2. The culture flasks were
incubated at 25°C for 5 days, and the dry weight of mycelia were
determined.

Effect of microwave treatments on growth of filtered water fungi:

The inoculated flasks were exposed for house microwave
treatments at 1, 2, 3, 4. 5.6, 10, 15, 20, 30 sec., then incubated at 25°c
tor 5 days, filtered. and the dry weight of mycelia were determined as
previously described.

RESULTS AND DISCUSSION

The results in Table (1) shows thatbia! population of filtered
water samples Coliform bacteria shows no growth in endo agar for all
samples incubated at 24 h and 48 h. [Yamaguchi ef al, (2007)] found
coliform in bottled mineral water. The bacterial colonies were grew in
nutrient agar with seven samples. Bacterial counts ranged between 12-72
cfu per 100 ml, after 24 hours from incubation at 37°C. While five of
these seven samples were contained over 300 colonies in 100 mi after 48
hours and another two samples contained 74 and 82 cfu/ 100 ml. While
bacteria were absent in 43 samples. Table (1) further shows that a
relatively low number of fungal colonies were developed on only
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Czabeks-Dox agar from nine samples of fiitered water after incubation
for 96h at 25°C. Hapcioglu et al (2005) have shown that more than one
type of fungi were present in 13 out of 19 filtered water samples; in the
remaining 6 samples, no fungt or bacteria were detected. The fungal
species recavered were Paecilomyces carneus, Penicillium jensenii and
Penicillium spp. Nagy and Olson (1982) found that Penicillium,
Sporocybe, Acremonium, and Paecilomyces were the most frequently
oceurring genera in drinking water distribution system. While
Arvanitidou, ef al., (1999) found that Penmicillium spp. and Aspergillus
spp. were the most prevailing genera isolated from hospital water
samples . The most frequently isolated fungi from drinking water was
Penicillium (40.6%) [Ana et al, (2006)]. Steven Doggett (2000) found
that densities of filamentous fungi in municipal water distribution system
ranged fromm 4.0 0 25.2 cfu cm . In the present study. ail species isolated
were from filamentous fungi.

Table {1): Microbial popufation of filtered water sampies in three
medium after incubation in 37 c at 24-48 h for bacterta and

in 25°c at 96 h for fungi:

i Fitered | Bacerial | Bacterial Bacterial colony on | Bacterial Fungal
water colony  on j colony on | Nutrient agar | colony  on | colony
Sample | Emdo-Agar Endo-Agar medium afier Nutrient on
no. Medium Medium after | 24 h cfu/m! agar Czapeks-

afier 24 N 48 hcfu/ml medinm Dox agar
cfu/mi after after 96
wwwww e 48 hefuml | h
I L - - 72 * 2
2 - - . * 4
3 - - 3 i 3
4 - - 51 o 2
5 - - 32 * 3
6 - - 30 * 4

7 - - 23 74 3
8 - . 12 & 4
5 - - - - 5
10-50 - - - - -

* The colony count of bacteria was over 300 colony/ Iml.
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As regard the effect of incubation temperatures on dry weight of
the fungal species isolated from filtered water, the resuits presented in
Fig (1) show that no mycelial growth was produced by Paecilomyces
carneus at -17, -10 and zero®C; at 5°C very weak growth was observed,
and the mycelium growth was increased gradually by rising the
temperature up 1o 30°C ,where highest biomass growth was detected,
then decreased at 40 and 45°C, indicating that the optimum temperature
i5 30°C. The growth of Penicillium jensenii was also inhibited at -17, -
10 and zero®C, but shawed a progressive increase as the temperature was
increased up to 25°C where the dry weight of mycelium was culminated,
then decreased upon rising the incubation temperaiure to 40-45 °C, thus,
the optimum temperature for P. jensenis is 25°C. The growth pattem of
Penicillium sp, appeared 0 go paraliel with that of Paecifomyces
carneus, it failed to grow at very low temperature, and its optimum
temperature was 30°C. None of the three fungal species isolated
throughout this study could grow at very low temperatures (cryophiles),
their optimal temperatures being in the range of 25 to 30°C High
incubation temperatures do not appear fungus from thermophiles. This is
in agreement with the results of Kelley er al. (2003) who found that the
fungal species isolated from water distribution system seemed to grow
well at temperature range of 10-30°C.,

The resuits represented in Fig.(2) shows that the percentage of
P carneus growth atter exposed to boiling for 1 and 5 minntes was
48.08% and 28.84% {of the control value). respectively, and the fungus
was unable to grow when the exposed to boiling fori0, 15, 30 minutes.
The corresponding growth magnitudes of Penicillium spp were 50% and
33.33% and it was also unable to survive boiling for 10, 15, 30 minutes.
The percentage of growth of P. jensenii was 44.44% after exposed to boil
| minute, and the growth was stoped when exposed to boiling for S, 10,
13, 30, 60 minutes,
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Fig 1 Effect of incubation temperatures on
dry weight of filtered water fungi
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The effect of hydrogen ion concentration on dry weight of water
fungi are shows in Fig (3). P. carmeus growth was weak in pH 3,
mycelium growth was increased gradually in pH 4.7, 5.5, 6.5 while the
optimum pH value was 7.5, then the mycelium growth was decreased in
pH 8.1 and 9.2. Mycelium growth of Penicillium spp was very weak in
pH 3, 4.7, 5.5, 6.5 and the optimum pH value was 7.5. Whereas P.
Jensenii prowth was weak at pH 3, 4.7, reached maximum at pH 5.5
(optimum pH value}, then decreased gradually at pH 6.5, 7.5, 8.1 and 9.2.

Fig 3 Effect of hydrogen ion concentration an
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Fl1= Paecilomyces carneus, F2= Peniciltium sp., F3= Penicillium jensenii

Fig (4) demonstrates the effect of microwave treatments on
growth of filtered water fungi, It is apparent that there was drastic
decrease in growth of P. carneus following exposure to house
microwave treatments for 1, 2 and 3 sec as compared to control
treatment; the percentage of growth was 57.69%, 48.08% and 26.6%
respectively. Prolongation of the exposure time to 4, 5, 6, 10, 15, 20 and
30 sec, the fungus was killed. While in case of Penicillium sp. the
percentages of growth obtained following exposure to microwave for 1,
2. 3 and 4 sec were 47.62, 35.14, 33.33 and 23.80, respectively, the
growth was cited as a consequence of exposure to microwave for 5 sec,
whereas the growth of P. jensenii was stopped after 3 sec of exposure.



Microbial Contamination of Water Filters. 27

Fig 4. Effect of microwave on dry weight

of filtered water fungi
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Waterborne fungi are likely associated with taste and odor
prohlems, contamination in food and beverage preparation, and a variety
of heaith-related cffects [Bays et al, (1970); Geldrich (1995) and
Seeliger (1973)|. Some fungi were dominated in water system, and some
were encountered throughout the drinking water system and constituted a
residuai flora. In addition. soft deposits in pipelines were key sites for
fungi {Zacheus er al., (2001)]. The fungi Pemicillium sp. and many
others are toxin and antibiotic producers. For exampie, P. expansum is
wetl known to produce patulin. P. brevicompactum is suspeeted of
producing patulin [Paterson (2004)]. Fungi could be used as a
biological/chemical ~ weapons  against harmful  microorganisms
contaminating the water supply {Paterson & Lima (2005)].
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