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Opportunistic pathogens relative to physicochemical
factors in water storage tanks
S. N. Al-Bahry, A. E. Elshaﬁe, R. Victor, I. Y. Mahmoud and J. A. Al-Hinai

ABSTRACT
Household water in Oman, as well as in other countries in the region, is stored in tanks placed on
house roofs that can be subjected to physicochemical factors which can promote microbial growth,
including pathogens and opportunistic pathogens which pose health risks. Water samples were
collected from 30 houses in a heavily populated suburb of Muscat. The tanks used were either glass
reinforced plastic (GRP), polyethylene or galvanised iron (GI). Heterotrophic bacteria, coliforms, faecal
coliforms and iron sulphur bacteria varied signiﬁcantly in the three tanks. Yeast and mould count
showed signiﬁcant variations. Isolation of Aeromonas spp., ﬂuorogenic and pathogenic
Pseudomonas, Pasteurella, Salmonella, Serratia and Tatumella, and Yersinia and Legionella in
bioﬁlms varied in the three tanks. The fungi isolates in the three tanks were Penicillium,
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Cladosporium and Aspergillus. Nephelometric turbidity unit, threshold odour number and free
chlorine varied signiﬁcantly in the three tanks. True colour unit values did not show a signiﬁcant
difference; however, GRP tanks had algae, autotrophic and pigmented microorganisms. In addition,
GI tanks had sediments and corrosion. The results of this investigation are important to evaluate the
status of the present household water tanks in countries with high annual temperatures, which may
affect public health.
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INTRODUCTION
Microbial growth in distribution systems and storage tanks

Today, most residential water storage tanks in Oman

is well documented (Cook et al. ). The universal occur-

and elsewhere in the Arabian Gulf region are made from

rence of heterotrophic bacterial bioﬁlms in water storage

plastic material, whereas 20 years ago the majority of

tanks is an indication that the environment is capable of

tanks were made from galvanised iron (GI). However, GI

supporting a diverse microbial population including patho-

tanks are still used in some areas. Plastic tanks are available

gens (Carter et al. ).

in two types: polyethylene (PE) and glass-ﬁbre reinforced

Desalinated sea water is the main source of domestic

plastic (GRP). The reason for the replacement is that plastic

water for the residential areas of Muscat, Oman, similar to

tanks are about one-third the weight of steel tanks with as

the other Arabian Gulf countries. The desalinated water is

much or greater strength and also GI tanks are frequently

distributed through a network system from the main public

subject to rust and corrosion.

water stations to the houses. All the water storage tanks

Plastic tanks are manufactured in Oman, with no speciﬁc

have breather holes. The desalinated water is frequently

regulations controlling the quality of their production or post-

inspected for its quality according to Omani Drinking

production standards. The Omani Standard number 8/2006

Water Standards (Omani Standard number /). How-

() for drinking water does not include criteria for water

ever, distributed water may be subjected to contamination

quality in household storage tanks. However, total and

during the process of distribution.

faecal coliforms are used as quality indicators for drinking
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water in general. Moreover, public awareness is lacking with

). Samples were collected aseptically in sterile 500 mL

regard to drinking water stored in household tanks.

glass containers. Sampling was carried out once every two

Little is known about the presence of microorganisms,

weeks. All samples were analysed immediately after collec-

as well as the physicochemical factors that promote their

tion. Sodium thiosulphate pentahydrate (N2S2O3 · 5H2O)

growth in domestic storage tanks in the Arabian Gulf

(SIGMA, USA) concentration at 100 mg L1 was added to

region. Drinking water contamination is frequently related

sample containers for water collection as a dechlorinating

to poor sanitation and hygiene which may be caused by

agent to prevent bactericidal activity (WHO , Guide-

abiotic factors which support microbial growth and cause

lines, Vol. I). A chelating agent was added to each sample

deterioration in water quality (Pruss et al. ; Egorov

collected from the GI tanks to prevent the oligodynamic

et al. ; Khan et al. ). Millions of people around

activity of heavy metals. Di-sodium salt of phenylenediami-

the world suffer from gastrointestinal illnesses attributable

netetracetic acid (EDTA) was added at a concentration of

to polluted drinking water (WHO ).

372 mg L1 with pH adjusted to 6.5 (ISO ). The

The aims of this investigation are to compare the
microbial populations in relation to physicochemical

majority of GI tanks examined in the sampling area were
partially or totally corroded.

characteristics in the three household storage tanks (GRP,
PE and GI) and to evaluate the corresponding drinking

Condition of the household storage tanks and health

water quality. This will be achieved by determining the den-

related issues

sities of heterotrophic microbial populations in the water in
relation to its physicochemical characteristics, examining

The water tanks of 30 houses were surveyed. This involved

surface-adherent bioﬁlms, and relating the physical con-

the age of tanks, number of roof tanks, size of tanks, types

ditions in the tanks to health issues.

of household pipe, washing frequency, presence of algae
and autotrophic microorganisms, and detection of colour
and odour. Ten houses for each type of water storage tank

METHODS

were selected. The questions posed to residents are listed
in Table 1. During the ﬁrst visit to each house, the materials

Study area

in the tanks (i.e. paints and coating materials) were
recorded.

The study site was selected in North Al-Hail, a densely popu-

Owing to the scarcity of water, residents are forced to

lated suburb in the city of Muscat, Oman, where the three

use storage tanks. The effect of storage of water on health

main types of storage tank are used by the residents

has not been investigated. Moreover, little is known about

(Figure 1). The tank capacities ranged between 1,135.6

the behaviour of microorganisms in storage tanks, especially

and 1,514 L. The study consisted of both high and low

in temperate regions. Until it reaches a consumer tap, drink-

income inhabitants. However, the GI tanks were mostly

ing water is exposed to several types of contamination.

used by the low income residents.

Incidences of gastrointestinal illness were recorded at the

In Muscat, the upper range of ambient temperatures is

time of sample collection. A questionnaire related to water

35–49  C between April and October, and the lower range

quality and health issues was distributed to the inhabitants

is 16–35  C between mid-November and March.

of the 30 surveyed houses in the study area. The questions
are listed in Table 2.

Collection of samples
Microbiological analyses
A total of 30 houses were randomly selected based on the
type of holding tank, with 10 houses for each type. The pro-

Sample bottles and related glassware were cleaned with

cedures for sample collection and handling were applied as

detergent followed by soaking in hypochlorite solution con-

described by Standard Methods (APHA/AWWA/WEF

taining 0.1% free chlorine for 1 h and rinsed several times
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Town-planning map of North Al-Hail illustrating the houses that were supplied by the main line in the study area.

with distilled water. A ﬁnal rinse was done using the chlor-

populations recorded: total heterotrophic plate count

ine-demand free water. All glassware was sterilised in a hot

(THPC), total yeast and moulds (TYM), total coliform bacilli



air oven at 170 C for 1 h.

(TC), total iron and sulphur bacteria (TIS), total pigmented

The microbiological analysis of water samples was
undertaken for heterotrophic enumeration and isolation of
target pathogenic bacteria. Enumeration of microbial

bacteria (TPB), and algae and autotrophic microorganisms
(Collins et al. ; British Standard BS 6068 ).
Total coliforms and faecal coliforms were enumerated
by the membrane ﬁlter (MF) technique (Augoustinos et al.
; Aulicino & Orsini ). Total iron TIS bacteria were

Table 1

|

Survey of physical conditions of water systems in the study area from 30 houses

estimated using microscopic examination of samples ﬁltered

Type of tank material
GRP, %

PE, %

GI, %

Aspects of survey

(n ¼ 10)

(n ¼ 10)

(n ¼ 10)

High inhabitant number (more than
10 individuals per house)

40

50

100

Age of tank (more than10 years)

0

0

100

Number of roof tanks (more than 1
tank)

20

40

0

Size (300–500 L)

100

100

100

Table 2

|

Survey of health issues on water quality from inhabitants of 30 houses in the
study area

Type of tank material
GRP, %
(n ¼ 10)

PE, %
(n ¼ 10)

GI, %
(n ¼ 10)

Individuals experienced
gastrointestinal and other waterrelated illnesses

13.3

6.7

26.6

Aspects of survey

Galvanised household pipes

60

20

100

PVC household pipes

40

80

0

8.9

17.8

66

50

0

Tap water contains some chemical
pollutants

40

Washing frequency (range of 7–12
months)

0

11.1

90

10

100

Increased algal and autotrophic
microorganisms during summer

40

Presence of cracks or other defects
Presence of algae and autotrophic
microorganisms

100

0

10

Tap water was rated as very good or
good by consumers

4.4

6.7

8.9

Detection of colour, corrosion and
odour problems by consumers

100

10

90

Seeking for alternatives was
motivated by aesthetic concerns

22

20

0.0
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through a MF with a pore size of 0.45 ± 0.02 μm and a diam-

veriﬁed before every test run and ensured to give odourless

eter of 47 mm (Millipore, Bedford, UK) (ASTM ).

results. Calibration of tester’s response was done using

Bioﬁlm deposits and swab samples from the inner surface of the tanks, shower heads and inner tap faucets were
taken for determining the presence of the following
pathogenic bacteria: Aeromonas spp., Pasteurella spp.,

known concentrations of n-butanol and artiﬁcial lemon ﬂavour simultaneously.
The measurements of TDO, TDS, EC and salinity were
done using ﬁeld-equipped electrodes (Orion, USA).

ﬂuorogenic pseudomonads, pathogenic Pseudomonas, Salmonella spp., Yersinia spp. and Legionella spp. Methods

Statistical procedures

of isolation and recovery were according to Standard
Methods (APHA/AWWA/WEF ). Identiﬁcation of bac-

A randomised sampling design was used with 30 houses in

teria was achieved as described by AOAC (). Isolation

the sampling area selected. Sample sites were chosen

of Legionella spp. was carried out using the methods of

using a table of random digits as given in Fisher and Yates

Barrow & Feltham () and of Kusnetsov et al. () in

Tables. Data analysis was undertaken with Statistical Pack-

buffered charcoal yeast extract (BCYE).

age for Social Science. Square root mode was used for
data transformation. One-way analysis of variance was run

Physicochemical factors

to compare means. A post hoc multiple comparison test
(Tukey’s test) was run to examine the differences between

Distilled and deionised water was used for physicochemical

all possible pairs of means. Control samples were collected

analysis (British Standard BS 6068 ). All glassware was

from the main distribution station throughout the sampling

cleaned with detergent followed by 0.1 N HNO3 and then

period from different locations across the distribution

rinsed thoroughly with deionised water. The measurement

system (Clarke ).

of free and total chlorine concentrations was undertaken
using the HACH free and total chlorine test kit (HACH Company, USA). The detection range was to be from 0.0 to 0.7 mg
1

L

1

for the free chlorine and from 0.0 to 3.5 mg L

RESULTS

for the

total chlorine. Colour was examined using the Lovibond

Condition of the household storage tanks

drinking water test kit (Lovibond, USA) and was measured
in Hazen units with a detection range of 5 to 70 units. The

The data of age of tanks, number of roof tanks, size of tanks,

water pH was measured during sampling using a pH meter

types of household pipe, washing frequency, presence of algae

(Orion, USA). Measurement of turbidity in nephelometric tur-

and autotrophic microorganisms, and detection of colour and

bidity units (NTU) was done according to World Health

odour are summarised in Tables 1 and 2. Tanks which were

Organization (WHO ) Guidelines (Vol. 3) and Standard

10 years old or more were all GI tanks with 100% having

Methods (APHA/AWWA/WEF ).

GI pipe networks. Algae and autotrophs occurred predomi-

Odour was measured using the threshold odour number

nantly in GRP tanks followed by GI tanks, with most of

(TON) scale as described by Standard Methods (APHA/

odour and colour problems being reported in GRP and GI

AWWA/WEF ). The odour test was statistically ana-

tanks. The most frequent washing of the tanks by the house-

lysed using a Kruskal–Wallis test after ranking the data

hold owners occurred in GRP and PE and none from GI

(TON). Five people were involved in collecting samples in

tanks. All GI tanks showed different degrees of corrosion.

odour-free glass bottles with glass closures and the

It was observed that several manufacturers of GRP

tests were completed within 4 h of collection. To ensure

tanks used hazardous materials such as lead chromate

reliable threshold measurements, odour-free glassware

which was the main source of contamination. One possible

were obtained by cleaning with non-odourous soap (Labo-

source of lead contamination was the pigment used in the

lene, Glaxo Ltd., India) and 0.1 N HNO3 followed by

painting of the inner surface of the tanks to prevent algal

rinsing with MilliQ water. The quality of the water was

growth.
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Physicochemical characteristics (mean ± SE) of water samples from GRP, PE
and GI tanks with the limits of reference standard.

Based on the data obtained from the interviews during the

Type of storage

Free chlorine

ﬁeld survey (Table 2), it is apparent that various segments

tank

(mg L

of the public have different perspectives of water quality

OS. 8/2006
(MCLs)

problems. In addition, several inhabitants complained of
gastrointestinal and related illnesses.
It is apparent from Table 2, relative to the health issues,
that most gastrointestinal (GIT) illnesses are related to water

1

)

Turbidity

Colour

(NTU)

TON

(TCU)

0.1–0.4

0–5

3

15

GRP (n ¼ 10)

0.1 ± 0.0b

3.2 ± 0.0a

5.0 ± 0.0a

8.5 ± 0.8a

PE (n ¼ 10)

0.2 ± 0.0a

2.2 ± 0.0a

1.0 ± 0.0b

7.5 ± 0.8a

GI (n ¼ 10)

a

b

c

9.5 ± 1.1a

0.2 ± 0.0

5.7 ± 0.0

3.0 ± 0.0

tank types and the piping used. The most frequent corre-

Values with different letters are signiﬁcantly different at the P < 0.05 level. n ¼ number of

lation with GIT illness was GI tanks, followed by GRP

replications per treatment; NTU, nephelometric turbidity unit; TON, threshold odour
number; TCU, true colour unit; OS, Omani Standard; MCLs, maximum contaminant levels.

and the least by PE. The frequency of the gastrointestinal illnesses may be related to the types of tank and pipe used. For
example, the occurrence of colour, corrosion and odour was
frequently found in households using GI pipes with GRP
and GI tanks. Inhabitants who used such systems had
high numbers of cases of gastroenteritis. In addition, algal
and autotrophic microorganism growth, especially in GRP
tanks and to a lesser extent in GI tanks, may contribute to

to be signiﬁcantly higher (P < 0.05) in samples collected
from GI tanks (Figure 2). All the samples contained different members of the coliform group. The total count (TC)
of coliforms was signiﬁcantly higher (P < 0.0001) in
samples collected from GRP tanks followed by the GI
tanks and the values from the GI tanks were signiﬁcantly

gastroenteritis (Tables 1 and 2).

higher than from the PE tanks (P < 0.05) (Figure 3). In all

Physicochemical factors of drinking water

E. sakazakii, Serratia marcescens, S. fonticola, Citrobacter

Free chlorine residual, turbidity (NTU), odour (TON) and

coliforms in all tank types with higher percentages in

colour (TCU) values were compared according to the Omani

GRP when compared with PE and GI tanks. Tatumella

Standard number /2006 () for the physicochemical

ptyseos was isolated from GRP (6.1%) and GI (6.6%)

qualities of drinking water. For free chlorine residual, the high-

tanks. Escherichia vulneris was found in GRP only at

est value was detected in PE and GI tanks at a signiﬁcant level

8.4% (Figure 4).

samples, Klebsiella pneumonia, Enterobacter cloacae,
freundii and C. koseri were found to be the predominant

(P < 0.05) over GRP samples. Total chlorine was undetectable

The highest frequency of TIS bacteria was found in both

in any of the three tank types. The turbidity (NTU) values of the

GRP and GI tanks, while in PE values were signiﬁcantly

water samples from GI tanks were signiﬁcantly higher (P <
0.05) over GRP and PE, while GRP and PE were not signiﬁcantly different from one another. There was a signiﬁcant
difference in TON values between the three tank types (P <
0.05). The maximum TON values were recorded from the
GRP tanks. There was no signiﬁcant difference between the
values of water colour in the three tank types, but the highest
value was detected in GI tanks (Table 3).
The pH values in all samples ranged from 6.8 to 7.6 with
no variations between the tanks.
Counts of the microbial populations in the tested tanks
All samples contained non-coliform, non-spore forming
heterotrophic bacteria while the THPC count was found
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Characterisation of surface-adherent bioﬁlms in GRP, PE
and GI tanks
Aeromonas spp., ﬂuorogenic and pathogenic Pseudomonas
spp., Pasteurella spp., Salmonella spp., Yersinia spp. and
Legionella spp. were isolated from swab samples in the
inner surface of the tanks, shower heads and inner tap faucets.

GRP

tanks

supported

the

growth

of

target

microorganisms (Figure 8). The highest frequency of Aeromonas was detected in GI tanks (77.5%) compared with
the frequencies of isolation in GRP (26.3%) and PE
(29.6%) tanks. Two species were isolated: A. sobria and
A. hydrophila. No Pasteurella spp. was isolated from PE
tanks but they were isolated from GRP. The frequency of isoFigure 3

|

Total coliform count of GRP, PE and GI tanks (n ¼ 40 replications/treatment).

lation was 17.2% in GRP tanks and 23.4% in GI tanks. Two
species were identiﬁed, P. haemolytica and P. pneumotro-

lower (P < 0.05) (Figure 5). All water samples were found to

pica. Fluorogenic Pseudomonas were isolated from all

contain TPB but in different frequencies. The count was

tanks with the highest recovery from PE tanks of 97.5%, fol-

highly signiﬁcant in the PE and the GI tanks over the

lowed by GRP, 46.1%, and GI tanks, 7.2%. Pathogenic

GRP tanks (P < 0.0001) (Figure 6).

Pseudomonas (P. pseudomallei) was isolated in low fre-

Yeast and moulds (TYM) were detected in all tested

quencies in all tanks. No Salmonella was isolated from PE

samples with the highest count being from the GRP tanks

tanks. In GI and GRP tanks two species of Salmonella

where Penicillium spp., Cladosporium spp. and Aspergillus

were identiﬁed (S. typhimurium and S. arizonae). Y. entero-

spp. were in signiﬁcantly higher numbers than in the other

colitica and Y. pseudotuberculosis were isolated from GRP

two tanks (P < 0.0001) (Figure 7).

and PE tanks.

Figure 4

|

Coliforms and their percentage frequencies of isolation in the three tanks; Ent ¼ Enterobacter; Esc ¼ Escherichia.
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TC of yeast and moulds of GRP, PE and GI tanks (n ¼ 40 replications/treatment).

DISCUSSION
holding tank systems is affected by microbial regrowth faciliThis study was designed to provide information about the

tated by the physicochemical characteristics of the water.

microbial and physicochemical factors within drinking

Bioﬁlms are found in aquatic systems where different

water storage tanks and their effects on public health. The

microbes can be trapped for long periods. In this study

present water storage system is commonly used throughout

THPC, TC, TIS, TYM and the microbial isolates in bioﬁlms

the Arabian Gulf region. Several studies have shown a

varied between the three tanks. Aeromonas, Legionella,

health risk from drinking water stored in household tanks

Pasteurella, ﬂuorogenic Pseudomonas, pathogenic pseudo-

(Camper et al. ; Prévost et al. ; Momba et al.

monads, Salmonella, Serratia, Tatumella and Yersinia

; Simmons et al. ). The results in this study support

were isolated from the three tanks at different frequencies.

the previous conclusion that drinking water quality from

Other investigators isolated similar microbes from storage
tanks (Van der Wende et al. ; Payment ; Nevondo &
Cloete ). In those reports the microbes were isolated
from bioﬁlms and sediments found in water distribution systems (Allen et al. ; Martin et al. ). Most of the
isolates are among the opportunistic pathogens that may
pose health risks to immunocompromised individuals. For
example, Göksay et al. () and Venkatesh et al. ()
found such bacteria to be an important source of crossinfection in hospitals. Some produce toxins which may
cause mild inﬂammation to serious toxic shock (Venkatesh
et al. ). A large number of potential pathogens may exist
in water; however, in most cases they exist in small numbers
and are unable to establish an infection (Calderon & Mood
, ).
The microorganisms which were found in GRP tanks

Figure 6

|

TC of pigmented bacteria in GRP, PE and GI tanks (n ¼ 40 replications/
treatment).
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Composition of microbial bioﬁlms in GRP, PE and GI tanks; Fl ¼ ﬂuorescent; Path ¼ pathogenic.

Although Legionella spp. was less frequent, it has previously

200 days, the microbial number did not show any difference

been reported to cause infection in immunocompromised

between the two materials (Lehtola et al. ). In another

patients (Van der Mee-Marquet et al. ).

study, the total microbial counts in bioﬁlms from synthetic

In PE tanks, Pseudomonas spp. were isolated at high frequency, whereas enteric pathogens such as Salmonella and

materials such as PVC materials declined due to water disinfection (Schwartz et al. ).

Pasteurella were undetectable. The absence of these patho-

Our ﬁndings are in agreement with these studies.

gens correlated with low THPC numbers suggesting an

Although several different coliforms were isolated, E. coli

antagonistic effect of Pseudomonas spp. However, there

was not detected from our three water tank types. By con-

were high numbers of Aeromonas spp. in GI tanks, whereas

trast, several other studies have reported the presence of

ﬂuorogenic Pseudomonas spp. were isolated at very low fre-

E. coli in bioﬁlms on the inner surfaces of water pipes and

quencies, and no Yersinia spp. were isolated from these

storage tanks (LeChevallier ; Van der Kooij ;

tanks.

Morin et al. ; US EPA ). An explanation for this dis-

Similar to our study, Schwartz et al. () in Germany

crepancy may be that coliform regrowth could be related to

reported variation of bacterial composition from bioﬁlms in

temperature, concentration of residual disinfectants, cor-

PE, PVC, GI and copper materials used in potable water sys-

rosion or material used in water distribution systems and

tems. Synthetic materials (PE and PVC) were colonised very

water tanks (LeChevallier et al. ; Volk & LeChevallier

rapidly in signiﬁcantly higher densities than iron and copper

).

surfaces. They also found that leached materials used in con-

The physicochemical factors examined in this study are

struction and fabrication of pipes and storage tanks

similar to those recommended to be monitored internation-

supported microbial regrowth and various microbial com-

ally (WHO , Guidelines, Vol. 3; Standard Methods

munities in the bioﬁlms. Iron materials supported more

APHA/AWWA/WEF ). In this study, the highest value

diverse microbial communities than PVC materials, while

of NTU was signiﬁcantly correlated with THPC,TIS bac-

PVC promoted more microbial regrowth (Camper ;

teria, and pigmented bacteria, but was to a lesser extent

Norton & LeChevallier ; Lehtolaa et al. ). For-

correlated with the GI tanks. Egorov et al. () reported

mation of the bioﬁlm was slower in copper materials than

that an increase in efﬂuent water turbidity in drinking

in PVC products used for water storage. However, after

water or household usage was a major factor in causing
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gastrointestinal illnesses. Therefore turbidity can be con-

was detected in bulk water as THPC numbers. There was

sidered to be an important parameter for assessing water

no clear difference in the tendency to support microorgan-

quality.

ism after-growth in GRP and PE storage tanks.

In this study, free chlorine was at low concentrations,

In addition to bio-corrosion, chemical corrosion cannot

while total chlorine was undetectable. Previously, it was

be ruled out by this study because elevated temperatures

reported that free and total chlorine residuals decreased

would have accelerated chemical reactions between sedi-

rapidly with distance from the treatment plant (Al-Bahry

ments, disinfectants and the substrates in GI tanks and GI

et al. ). A signiﬁcant inverse relationship between chlor-

pipes. The corrosion rate is accelerated in the summer and

ine concentration and bacterial regrowth was also reported

consequently our results correlated with increased inci-

(Irvine et al. ; Al-Bahry et al. ). In this study, the low

dences of coliforms in water distribution systems (Volk &

chlorine values obtained from the storage tanks may have

LeChevallier ).

had a signiﬁcant inﬂuence in promoting microbial regrowth.

Washing the tanks once every 7–12 months may not be

The tank capacities in this study ranged between 1,135.6

sufﬁcient to reduce microbial regrowth in the survey houses.

and 1,514 L. The larger the tank the higher the stagnation

Microbial regrowth was evident and sediments were observed

time and the higher the rate of deterioration of water quality.

in the majority of tanks. Because the tanks are not cleaned reg-

Coliforms were found more frequently in a large number of

ularly, a potential hazard to human health may exist. In

storage tanks used (LeChevallier et al. ). A prolonged

support of this, some individuals complained of diarrhoeal

stagnation of chlorinated water results in dissipation of

episodes. These episodes could be attributed to a combination

the free chlorine, especially at elevated temperatures

of pathogens existing in water tanks as well as leached

(Vasconcelos et al. ; Prévost et al. ; Ndiongue et al.

materials from corroded GI tanks and pipes. However, dem-

). Elevated temperatures are favourable for microbial

onstration of this link would require further research to

regrowth during the summer months in the Arabian Gulf

correlate the water storage system used and the frequency of

region. In this study, prolonged water stagnation time, elev-

related illnesses. Clearly, replacing corroded materials, fre-

ated temperatures and low concentrations of chlorine

quent cleaning of sediments and thorough disinfection are

favour the regrowth of heterotrophic bacteria, including

crucial to minimise deterioration of the quality of drinking

opportunistic and potential pathogens. Similar results were

water in distribution and storage systems (Exner et al. ).

reported by Morin et al. () and Payment ().

The TON and TYM values in this study were highest in

The GI tanks were found to be corroded, and sediments

GRP tanks. Most of the isolates were identiﬁed as Aspergil-

of corrosion along with other contaminants were observed.

lus niger and Penicillium spp. The GRP tanks also

Iron and sulphur bacteria were isolated from all tanks but

supported heavy algal growth and together fungi and algae

concentrations were signiﬁcantly higher in GI tanks and

are responsible for the biological source of odour and

least in PE tanks. THPC was also high in GI tanks followed

colour in water ( Jardine et al. ). Even though algae in

by the GRP tanks. Iron and sulphur bacteria were detected

a freshwater environment are considered to be less toxic

in the majority of houses with GRP and PE tanks fed by a

than cyanobacteria, the presence of both in freshwater sto-

network of GI pipes.

rage tanks may have a signiﬁcant effect on human health.

Swab samples from GI tanks and pipes from the cor-

Gastroenteritis and malabsorption on an airbase in the Phi-

rosion sites were found to support bacterial communities

lippines affected a large number of residents who suffered

similar to those recovered from the standard plate count

from diarrhoea, abdominal cramps and vomiting, which

agar. Reasoner () reported that corrosion of cast iron

may be attributed to the presence of algae and microbes

occurred upon exposure to water containing a mixture of

(Dean & Jones ). The presence of algae, cyanobacteria,

bacteria isolated from water distribution systems. Analysis

bacteria and fungi in water tanks may be one of the factors

of water and corroded samples showed that similar organ-

contributing to gastrointestinal illnesses (Morin et al. ;

isms were present in both. By comparison with PE and

Payment ; Volk & LeChevallier ; Oberholster &

GRP tanks, GI tanks favoured microbial regrowth, which

Botha ).
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Leakage of organic compounds from the tank’s material

of materials used in the manufacturing of storage tanks

into the water may be a potential source of odour-causing

reveals the need for a high level of inspection by the relevant

substances. In GRP tanks, plastic ﬁttings, organic coatings

government authorities, including frequent quality tests in

membranes, and epoxy re-lining products are progressively

accordance with applicable international standards. Greater

replacing traditional metallic materials. For different

public awareness is needed regarding water quality issues

reasons (i.e. manufacturing defects), additives, solvents or

and health risks. These recommendations are of particular

monomers can leak into the drinking water (Rigal &

importance to high risk groups such as infants, the elderly

Danjou ). Styrene is an integral solvent for the manufac-

and immunocompromised individuals. In addition, appro-

ture of GRP tanks. It was found that organic components

priate monitoring criteria should be established which

such as styrene and chlorinated by-products are responsible

ensures the delivery of safe drinking water to the entire

for mechanisms which result in a high TON value (Rigal &

population which may be affected by this contamination.

Danjou ). The levels of such tank ingredients must meet
current quality standards such as the Omani Standards
number / () and those of the US Environmental
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