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In certain regions, increased salinity in surface water and the aging of
urban water distribution networks have led many citizens to rely on
household water purification systems. However, if the filters in these
systems are not replaced on time, the quality of the treated water can
deteriorate. This study evaluated the performance of three household
water purifiers over a one-year period in Ahvaz, Iran. Parameters such
as Total Dissolved Solids (TDS), pH, turbidity, and total coliforms
were measured monthly at both the inlet and outlet of the systems. In
addition, weekly visual inspections were conducted to monitor
changes in the appearance of the first-stage filters. The results
confirmed the absence of coliforms in all effluent samples. However,
in the first month following the installation of the first filter, the
turbidity of its output exceeded the acceptable limit. Notably,
significant color change in the first filter occurred by the second
month. Furthermore, it was observed that two years after membrane
installation, regular monitoring of output TDS is essential. If the TDS
exceeds permissible levels, membrane replacement is necessary.
Additionally, when the membrane is new, the TDS of the treated
water may drop below 50 mg/L, increasing the risk of acidification. In
such cases, adjusting the pH through a mixing valve or replacing the
sixth-stage filter is recommended to ensure water quality and safety.

household water purifiers, TDS, Turbidity, pH, Coliforms.

Providing access to safe drinking water is one of the core
responsibilities of public authorities. To achieve this objective, a
comprehensive infrastructure is developed, including water intake
systems, treatment facilities, storage reservoirs, transmission
pipelines, and distribution networks. The selection of a suitable
treatment process, tailored to the characteristics of the raw water,
along with careful attention to both design and operational standards,
is essential for delivering water that meets safety and quality
benchmarks. According to the latest revisions of national standards
1053 and 1011 by the Institute of Standards and Industrial Research
of Iran (ISIRI), and consistent with the guidelines of the World Health
Organization (WHO, 2011), water quality assessment is categorized
into three main components: physical, chemical, and microbial. Each
category includes defined permissible and maximum contaminant
limits for various parameters. Nonetheless, challenges such as
declining raw water quality due to prolonged drought and the influx
of untreated wastewater into surface water sources have resulted in
treated water from some conventional systems failing to meet safe
drinking standards.
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In addition, the aging and deteriorating
condition of distribution network pipelines
increases the likelihood of secondary
contamination entering the water supply,
thereby jeopardizing its safety at the point
of use. This risk is further aggravated by
external stressors such as extreme weather
events, which can inflict significant damage
on water treatment and distribution systems,
adversely affecting both the availability and
quality of drinking water[1]. Under such
circumstances, consumers may become
vulnerable to waterborne illnesses [2].
Simply having access to tap water does not
ensure its safety, as contamination may
arise at multiple stages—including the
source, within the distribution network, or
during the collection, transport, and storage
of water. As a result, in many regions, the
lack of reliable access to safe drinking water
has driven populations to adopt alternatives
like bottled water and Point-of-Use (POU)
treatment methods [3]. The processes of
purifying and safely storing water at the
household level are collectively termed
“household water treatment and safe
storage” (HWTS), or more broadly, POU
treatment (WHO, 2013). Until treated piped
water becomes universally accessible, POU
interventions represent a practical and cost-
effective means of protecting public health
in  underserved communities [4].
Consequently, Point-of-Use (POU) drinking
water treatment technologies are gaining
widespread adoption due to their
effectiveness in removing a wide range of
contaminants and mitigating associated
health risks. Numerous studies have
demonstrated the considerable efficiency of
household water treatment systems in
reducing pollutant levels in drinking water.
However, these systems are not without
limitations [5]. A key concern is the
unintentional removal of essential minerals
during the treatment process, which may
lead to nutritional deficiencies and an
increased risk of bone-related disorders with
prolonged consumption of demineralized
water [6]. Additionally, the relatively high
upfront costs of these systems, along with
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the recurring expenses for maintenance—
particularly filter replacement—can be
economically burdensome. In systems
employing  Reverse  Osmosis  (RO)
technology, water is separated into purified
and concentrated waste streams, the latter of
which is discharged, often increasing
overall water consumption. Consequently,
the use of such systems is typically
recommended only in regions where the
drinking water is characterized by high
salinity or elevated nitrate levels [7]. A
reduction in fluoride concentration in
treated water can adversely affect long-term
dental and skeletal health. As such, it is
crucial to educate both users and operators
of Point-of-Use (POU) systems on water-
related health issues and the potential
consequences of improper usage. Regular
and timely replacement of system filters is
also essential to maintain the quality of
treated water and to ensure continued
protection against contaminants [5]. In a
study by Angela D. Coulliette and
colleagues examining the effectiveness of
household water purification systems in
developing nations, the findings indicated a
substantial decrease in the risk of infectious
diseases following water treatment [8].
Nevertheless, other research presents
contrasting evidence, suggesting that water
purified by such systems may still harbor
various bacterial contaminants [9-12]. For
instance, a study conducted in Sari, Iran,
revealed a significant relationship between
filter age and the presence of heterotrophic
bacteria as well as residual chlorine levels
in treated water, highlighting the
importance of proper maintenance [10]. A
study conducted in Turkey reported that
coliform concentrations at the outlet of
certain household water treatment devices
were higher than at the inlet. This
phenomenon was attributed to several
factors, including aging municipal water
distribution networks, diminished chlorine
efficacy due to prolonged water retention
times, poorly maintained building water
storage tanks, and delays in filter
replacement [9]. Another investigation
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found that RO filters outperformed
Ultrafiltration (UF) systems in removing
organic  contaminants and  reducing
turbidity. However, while household water
purifiers are designed to lower microbial
risks, under certain conditions they may
inadvertently increase them. The most
frequently  detected  bacteria  within
membrane pores were Escherichia coli and
Pseudomonas aeruginosa. Therefore, to
minimize microbial contamination, filters
must be replaced or backwashed before
reaching saturation, and integrating a UV-
LED disinfection step at the final stage of
treatment is recommended [12]. imilarly, a
study on water purifiers in Ahvaz (Iran)
revealed that the heterotrophic plate count
(HPC) at the device outlet exceeded that at
the inlet, underscoring the importance of
timely filter maintenance [11]. A review of
studies assessing the performance of
household water treatment devices in Iran
indicates that delayed filter replacement
leads to a deterioration in the microbial
quality of treated water. Specifically, the
average concentrations of heterotrophic
plate count (HPC) and total coliforms in the
effluent have been reported at 436 and 36
colony-forming units per 100 mL,
respectively [5]. These findings underscore
the critical need for proper maintenance to
ensure that the treated water remains within
international  drinking  water  quality
standards. Timely replacement of filters is
essential to consistently produce safe and
potable water. Although numerous studies
have evaluated the microbial quality of
water produced by these devices, there
remains a gap in the literature regarding
how the effluent quality evolves over a
defined period following filter installation.
This highlights the need for longitudinal
studies to better understand the temporal
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dynamics of water quality in household
treatment systems. Accordingly, this study
investigates the year-long performance of
household water purification devices in the
city of Ahvaz, with the aim of identifying
trends in the quality of treated water over
time. A key objective is to determine the
point at which water quality parameters
begin to exceed the acceptable thresholds
defined by drinking water standards,
thereby establishing the optimal interval for
filter replacement. Given the findings of
prior studies, maintaining these devices
through proper and timely filter changes is
critical to ensuring that the treated water
remains safe for consumption. Despite
extensive research on the output quality of
household water purifiers, there remains a
lack of longitudinal data assessing how their
performance changes over time. This study
seeks to address that gap by monitoring
variations in water quality throughout a
one-year period, ultimately aiming to
recommend an evidence-based schedule for
filter replacement to consistently achieve
standard-compliant water quality.

Ahvaz, is situated in the southwestern
region of Iran. The city’s primary water
supply is derived from surface water
sources, which undergo conventional
treatment processes prior to distribution
through the municipal network. Despite
these treatments, residents frequently
experience issues such as elevated turbidity,
as well as unpleasant taste and odor in tap
water. As a result, many consumers turn to
POU water purification systems to enhance
the quality of their drinking water.
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KHUZESTAN AHVAZ

Figure 1. Location of studied systems in Ahvaz city

For this study, three POU water
purification systems were selected from
different residential areas within Ahvaz city
(Fig. 1). AIll systems, produced by
comparable manufacturers, shared similar
specifications, with a daily treatment
capacity of 10 to 12 liters. Each unit
incorporated a six-stage filtration process
designed to  maximize  purification
efficiency. The first three stages functioned
as pretreatment filters. The first stage
included a microfilter, primarily responsible
for removing total suspended solids (TSS)
and reducing turbidity. The second and third
stages featured granular activated carbon
(GAC) and block activated carbon (BAC)
filters, respectively, which were employed
to remove free chlorine and residual organic
compounds. Notably, the GAC filter
contains larger particles, offering a higher
flow rate but lower contaminant removal
efficiency. Conversely, the BAC filter is
composed of much finer particles—
approximately 5 to 20 times smaller—
which allow for more thorough contaminant
removal at the expense of flow rate [13]. In
the fourth stage of filtration, each system
utilizes a horizontally mounted reverse
osmosis (RO) membrane to effectively
remove dissolved minerals and other
impurities from the water. To support this
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process, a pump delivering pressure
between 6 and 7 bar is employed, ensuring
sufficient force for water to pass through the
semipermeable  membrane. A key
distinction among the three selected POU
systems is the age of their RO membranes.
In Device (1), a new membrane was
installed at the beginning of the sampling
period. Device (2) was fitted with a
membrane that had been in use for one year,
while Device (3) featured a membrane with
a two-year usage history. This variation in
membrane lifespan provides valuable
insight into the long-term performance and
efficiency of the systems under real-world
operating conditions. The fifth and sixth
stages are dedicated to post-treatment
processes. The fifth stage includes a taste-
enhancing filter designed to improve the
palatability of the RO-treated water, which
often tastes flat due to the removal of both
contaminants and beneficial ions. The sixth
stage incorporates a remineralization filter
that reintroduces essential minerals, thereby
enhancing both the nutritional value and
overall acceptability of the water. Table 1
presents a detailed summary of the
characteristics and functions of each
filtration  stage, offering a clear
understanding of their specific contributions
to the overall purification process.
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Table 1. Specifications of the filters installed in the household water purifier

Filter Location Filter Name Filter material Performance Reference
First stage Microfiltration Polypropylene Turbidity removal [14, 15]

Second stage Granular activated Coal Chlorine and organic matter [15]
carbon removal

Third stage Carbon block Coal Chlorine and organic matter [16]
removal

Fourth stage Membrane polyamide demineralization [1]

Fifth stage Post carbon Coal Regulation of taste and odor [15]

Sixth stage Remineralization Minerals Returning minerals to water [17]

This study was conducted over a one-
year period, from July 2021 to June 2022.
Three residential units located in different
districts of Ahvaz—Golestan, Kian Pars,
and Koye Mellat—were selected as
sampling sites, as illustrated in Figure 1. All
three POU devices were configured with
identical filter arrangements, detailed in
Figure 2, ensuring consistency in system
design across sampling locations. Water
samples were collected from three distinct
points within each POU system: before

filtration, after the RO membrane, and at the
final output. As summarized in Table 2, a
total of 102 samples were obtained
throughout the study period. It is important
to note that sampling from Device (3)
commenced in the third month of the study,
resulting in fewer total samples from that
unit. Furthermore, the first-stage filter
(microfilter) featured a transparent housing,
allowing for regular visual inspection of its
condition. To assess potential clogging, this
filter was removed from its housing and
examined on a weekly basis.

Table 2. Specifications of sampling points and sampling frequency

Row Parameter Input  First filter output System output Sampling frequency
1 pH v - v Monthly
2 TDS v - v Monthly
3 Turbidity v v - Monthly
4 Total Coliforms v - v Monthly
5 visual Inspection ¥ v v Weekly

Figure 2. The studied household water purifier

Journal of Hydraulic Structures
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The parameters of pH, turbidity, and
total TDS were analyzed using
potentiometric, nephelometric, and
gravimetric techniques, respectively, at the
laboratory of Khuzestan Water and
Wastewater Engineering Services
Company. The equipment employed
included an analytical balance (AND GF-
3000, Japan) with a maximum capacity of
3100 grams and a precision of 0.01 grams, a
pH meter (HACH Sension3, USA), and a
turbidity meter (HACH 2100AN, USA).
TDS measurements were conducted using
filter paper with a pore size less than 0.2
micrometers. Total coliform bacteria were
detected through the Presence/Absence
(PA) test method applied to the water
samples. Concurrently, the first-stage filter
of each device was photographed weekly to
monitor any visual changes. All sampling
and analyses followed the relevant water
and wastewater testing standards[18].
Finally, the obtained results were evaluated
in comparison to the World Health
Organization (WHO) guidelines and the
drinking water quality standards established
by Iran.

To assess the efficacy of the first filter in
turbidity removal, two methods
(photographing the filter and a turbidity
test) were employed. Typically, the first
filter in each system is housed in a
transparent  container, allowing visual
observation of its color change from white
to Dbrown, indicating the need for
replacement. Over a two-month period, the
clogging depth of this filter was monitored
weekly, comparing the results of turbidity
tests and filter clogging depth. Most
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membrane manufacturers recommend that
water entering the membrane should have a
turbidity of less than 1 NTU. Hence,
surpassing this value in the output turbidity
was established as the criterion for
replacing the first filter. Fig. 3 illustrates
changes in output turbidity for the first filter
of System 1, while Fig. 6 depicts the weekly
color change procedure over three months.
Replacements were carried out in
September, January, and June based on the
appearance color of the filter. Fig. 6
highlights significant color changes on the
filter surface after two months of
installation. Fig. 4 showcases variations in
the turbidity of the inlet and outlet water of
the first filter of System 2, and Fig. 7
displays its color change procedure.
Replacements occurred in October, January,
and April based on appearance color, with
the output turbidity exceeding 1 NTU about
two months after the first filter replacement,
as indicated in Fig. 4. Fig. 7 demonstrates
color changes starting one month after filter
installation, progressing to the inner layers
by the end of the second month. Fig. 5 and
Fig.8 depict changes in the color of the first
filter in System 3 and variations in raw
water turbidity and the first filter's output
turbidity. Replacements took place in
October, January, April, and July, guided by
appearance color. An increase in output
turbidity was observed approximately one
month after filter installation, while raw
water turbidity averaged 1.1 NTU during
the sampling period, often exceeding 1
NTU. Fig.7 indicates that the color change
on the filter surface began one week after
installation. Thus, signs of first filter
clogging manifested about one month after
installation, reaching a potential maximum
within second months.
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Figure 7. Appearance changes of the first filter of system2
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Figure 8. Appearance changes of the first filter of system3
3.2. TDS ranged from 700 to 1100 mg/L, while the

Figure 9-a shows the fluctuations in
input and output TDS for System 1 over the
duration of one year. The input TDS values

output TDS consistently stayed below 100
mg/L. This level complies with the
acceptable limits set by both ISIRI (1000
mg/L) and WHO (600 mg/L). However, an

Journal of Hydraulic Structures
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output TDS below 100 mg/L may suggest

the excessive removal of important
dissolved minerals such as calcium,
magnesium, and fluoride, which are

beneficial for human health but tend to be
largely removed by the membrane [19, 20].
Figure 9-b illustrates the TDS changes for
System 2 during the year following
membrane installation. The input TDS
fluctuated between 700 and 1100 mg/L, and
output TDS ranged from 100 to 200 mg/L.
Similar to System 1, the output TDS was
within recommended limits, although it was
approximately 100 mg/L higher than
System 1’s output. This increase might be
related to the longer membrane lifespan in
System 2. Figure 9-c depicts the input and
output TDS variations for System 3 across
one year. The membrane in this device had
been installed two years before sampling
began. Input TDS ranged from 800 to 1300
mg/L, while output TDS was between 300
and 500 mg/L. In the final month of the
sampling period, the membrane was
replaced, causing output TDS to drop to 50
mg/L. Despite the TDS levels being within
acceptable standards, consumers found the
water’s taste unsatisfactory, prompting filter
replacement roughly three years after
installation. Comparing the three systems
indicates that during the first year of
membrane use, output TDS consistently
remained below 100 mg/L. In the second
year, the output TDS levels increased to

mInflow meffluent

TDS (mg/l)

Aug Sep Oct Nov

(5-a)

0 |. |- ‘- ‘- ‘- ‘I ‘_ ‘_ ‘. ‘l
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approximately 200 mg/L, and by the third
year, they approached the upper permissible
limits set by the WHO. It is important to be
cautious  about very low  TDS
concentrations, as water with insufficient
mineral content may pose health risks, such
as cardiovascular issues, impaired thyroid
function, and a higher likelihood of diseases
like osteoporosis and cancer. Consequently,
in addition to following standards that
specify maximum allowable levels, it is
recommended to also consider minimum
thresholds for essential minerals to protect
human health during the use of these
purification devices (see Table 3) [21, 22]).
The study by Sediq et al. [23] reported
output TDS values below 100 mg/L, which
corresponds closely to the TDS levels
observed in System 1 of the current
research. Similarly, Bonnélye et al. [24]
developed a seven-stage treatment process
that included a Reverse Osmosis (RO)
system to reduce TDS in Curacao’s
drinking water, achieving a final TDS
concentration  below 150 mg/L—
comparable to the TDS output recorded for
System 2 in this study. Dinarello et al. [25]
reported an output TDS around 500 mg/L,
aligning with the values seen for System 3
in the last month of sampling here.
However, none of these studies specified
the membrane lifespans used during their

experiments.
|- |-

Feb Mar Apr May Jun TJul
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As shown in Figure 10, the pH levels of
all three systems decreased throughout the
sampling period, reaching acidic values of
5.8, 6.7, and 6.5 for Systems 1, 2, and 3,
respectively. This acidification is mainly
due to the removal of alkalinity
components, such as carbonate and
bicarbonate ions, by the membranes. The
extraction of these ions disturbs the balance
between hydrogen (H*) and hydroxide
(OH") ions, causing the water to become
more acidic, as noted by the WHO[26]. The
WHO recommends a minimum pH of 6.5
for drinking water, and Figure 14 reveals
that the pH of the effluent from all three
systems occasionally reached this lower
limit or even dropped below it, indicating
acidity. Therefore, it is crucial to monitor
and address this acidification because
consuming acidic water over the long term

may have adverse health impacts.
Moreover, acidified water can cause
unpleasant taste and heightened
corrosiveness, which is  particularly

problematic near metal pipes [27]. Research
by Rezaeinia et al. [27] and Saini [28]
suggests that the intake of acidic water and
beverages can disrupt the mineral balance in

the human body. This is especially
significant for cancer patients who often
suffer from electrolyte imbalances such as
hyponatremia, hypokalemia, hypocalcemia,
and hypomagnesemia, emphasizing the
importance of maintaining adequate mineral
content in drinking water [21]. Although
adjusting the pH of membrane-treated water
by mixing it with other sources to increase
TDS is possible, this method is not
advisable for long-term use in Ahvaz due to
the risk of sediment buildup and clogging in
mixer taps. In System 3 (Figure 10-c),
replacing the fourth filter in July led to a
decrease in TDS from 400 to 50 mg/L and a
corresponding pH drop from 7 to 6.5.
Despite these fluctuations, continuous
monitoring of pH in the treated water is
recommended. Other studies, such as those
by Yari et al. [29-31], have also confirmed
the acidification of membrane-treated water,
although their focus was more on the effects
rather than the pH variation patterns.
Conversely, some research has consistently
found that output pH remained within
acceptable standards, likely due to the
effective functioning of the fourth and sixth
filters during the sampling period [14, 25,
27, 32-35].
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Table 3. Suggested suitable ranges for drinking water nutrients (Rosborg & Kozisek., 2019)
Parameter Range Unit

pH 7-8.5 -

Calcium 30-80 mg/l

Magnesium 10-50 mg/l

Bicarbonate ~ 100-300 mg/l

Sulphate 25-100 mg/l

Fluoride 0.5-1 mg/l

Chloride 20-50 mg/l

TDS 100-500 mg/l

Figure 11 presents the relationship 3.4. Microbial quality

between pH and TDS for both the inlet and During the sampling period, total
outlet water across all three systems. In coliforms were monitored in both the

these graphs, the TDS values are plotted in
ascending order, with corresponding pH
values shown for each data point. Figures
11-a, 11-c, and 11-e illustrate that the TDS
levels of the input water consistently
exceeded 690 mg/L, while the pH values
remained within the acceptable range of 6.5
to 8.5, as per drinking water standards. In
contrast, Figures 11-b, 11-d, and 11-f,
which depict the treated water from each
system, show several instances where the
pH dropped below the minimum
recommended limit of 6.5. Notably, these
drops in pH coincided with very low TDS
levels, often below 50 mg/L. This pattern
points to a potential risk of water
acidification as TDS decreases. Supporting
this observation, Rosborg and Kozisek [21]
have recommended a minimum TDS
concentration of 100 mg/L in drinking
water to ensure adequate mineral content
and avoid associated health risks.

1

pH

0
8
6
4
0

(10-a)

influent and effluent water. The findings
showed that coliforms were detected in only
three of the input water samples, while none
were found in the treated water from any of
the systems. This result is consistent with
previous studies conducted by Dehghani et
al. [36] and Twanger et al. and Twanger et
al. [6]. In contrast, some studies, including
those by Yari et al. [29] and Ebrahimi et al.
[37] eported the presence of coliforms in the
outlet water. These instances were often
associated  with  delayed  membrane
replacement, during which microbial
leakage could occur due to membrane
fatigue or degradation [6]. Lin et al. [6]. Lin
et al. [12] also observed coliform
contamination in the treated water and
suggested that to ensure microbial safety,
either timely membrane replacement or the
incorporation of a UV disinfection unit at
the final treatment stage is necessary.
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Figure 10. Changes in input and output pH of systems 1(a), 2(b) and 3(c)
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This study assessed the performance of
three household water purifiers over a one-
year period in Ahvaz, focusing on variations
in effluent quality as a function of time and
filter lifespan. The results revealed that the
first-stage filters experienced significant
clogging approximately one month after
installation, with turbidity in the output
water exceeding acceptable thresholds by
the second month. These findings highlight
the need for users to visually inspect and
replace the first filter every 1-2 months to
maintain water clarity and protect the
downstream filters. Regarding the reverse
osmosis membranes, the devices showed
consistent removal of TDS within the first
two years of operation. However, by the
third year, TDS concentrations in the
effluent increased notably, nearing the
maximum acceptable limits. This gradual
rise indicates a decline in membrane
performance over time and underscores the
importance of replacing the membrane after
two years of continuous use to maintain
water quality and system efficiency.
Interestingly, after membrane replacement,
output TDS dropped below 50 mg/L in one
system, causing the pH to fall below the
acceptable limit of 6.5. This observation
demonstrates a potential for  water
acidification when the mineral content is
excessively reduced. It suggests that
maintaining a balance between adequate
contaminant removal and essential mineral
retention is critical. Monitoring and, if
needed, adjusting the pH after membrane
replacement—through mixing valves or
remineralization  filters—are  important
practices for ensuring the long-term safety
of treated water. Also, Microbial analysis
showed the consistent absence of total
coliforms in all effluent samples throughout
the year, indicating the effective
performance of the RO membranes in
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removing microbial contaminants under
regular maintenance conditions. While these
findings provide valuable insights into the
operational lifespan and quality outcomes of
household water purifiers, further research
is recommended to build upon and enhance
these results:

-Future studies should include a larger
number of devices across a broader
demographic and geographic range to
improve the statistical power of the findings
and their generalizability.

-Testing a variety of brands and models
will help assess the variability in system
design and performance.

-Detailed evaluations of the second and
third filters—typically granular and block
activated carbon—are needed to better
understand their efficiency in removing
chlorine, organic matter, and undesirable
taste or odor.

-In-depth investigations of the fifth
(post-carbon) and sixth (mineral) filters will
also be essential to assess their specific
contributions to taste improvement,
remineralization, and pH stabilization.

Such comprehensive research  will
contribute to more informed
recommendations for users and
manufacturers, ensuring that household
water purification systems deliver safe,
palatable, and mineral-balanced water over
time.
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