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Abstract

One of the most essential methods for preserving water resources is water reuse. The present study has been aimed at adjust-
ing a gray water treatment system with high purification efficiency, low cost, easy maintenance, and high availability in every
environment. To this goal, a new simple hybrid model for gray water treatment was made. In this model after conducting
the settlement and aeration processes, seven different combinations of polypropylene activated carbon and anthracite filters
beside resins were utilized for removing the contaminants in single and combined forms with three repetitions, and the
results of each step were compared with the available standards. The different flow rates of 5, 2, 1, 0.5, 0.25, and 0.1 I/min
were passed through the selected system to assess their effects on the reduction efficiencies of the pollutants in the system.
The instantaneous ozonation method was used at the ozone concentrations of 1, 2.5, and 5 g/h. The results suggested the
weakness of each filter alone for reducing the pollutants. After investigating the seven combinations, the combined filter of
“polypropylene + resin + activated carbon” was recognized as the best filter for nondrinking purposes. The pH accounted for
the lowest change of 10%, and chlorine and BODj accounted for the highest omissions of 90% and 80%, respectively. The
system displayed the best performance at the flow intensity of 0.25 1/min or 15 1/h. The minimum rate of ozone production
1 g/h was able to remove all the coliform within any periods. This treated gray water is suitable for nondrinking uses such
as irrigation and washing places.
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Introduction

Urban sewage contains a variety of chemical pollutants,
such as toxic substances, heavy metals, organic matter, and
living microorganisms (viruses, bacteria, fecal coliform,
and fungi). The discharge of raw sewage into the environ-
ment and its contact with surface water, groundwater, and
soil lead to the contamination of these valuable resources,
and if consumed by humans, the risks of the spread of
various diseases among people will increase. Until achiev-
ing a degree of assurance as one of the objectives of the
purification process, wastewater will be still generated via
sewage treatment, which can be beneficial for estimating
part of the needs of the community to water resources
for agricultural use, green space irrigation, aquaculture,
recreational purposes, and industrial use. According to
the Iranian publication, No. 117-3 (Anonymous 2015),
the average household per capita consumption of water
without green space has been approximately 150 L per
person over 24 h in 2016, of which 30 L has been used for
bathroom and toilet. Based on the estimations, the remain-
ing per capita consumption includes 20 L, which has been
lost as evaporation and other non-recyclable and aggregate
wastes. Therefore, an amount of 100 L per day has turned
into sewage with less microbial load, which is called gray
water.
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Gray water is domestic wastewater collected from wash-
basins, showers and/or baths, and washing machines (Eriks-
son et al. 2002) that has a much lower degree of pollution in
terms of pathogenicity compared to blackwater (bathroom
and toilet sewage); however, depending on its source, it
can contain other more or fewer impurities than blackwater
(Almeida et al. 1999; Jamrah et al. 2006; Cheng Leong et al.
2018). Removal of common impurities from water or sewage
would not seem to be problematic in the current situation
about the existing technologies, while gray water treatment
systems can now enjoy sufficient stabilities to withstand the
shock loads of pollutants (Hejranfar et al. 2014).

Using sewage for washing or irrigating the environment
leads to human contact with the wastewater, which must
be disinfected. Moreover, some plants and flowers are quite
sensitive to microbes and pathogenic agents, while the pres-
ence of these factors in their irrigation water can disrupt
their health or growth. In a study, the researcher considered
the permitted use of sewage for irrigating plants, such as
local fruit trees, berry trees, and coastal plants (e.g., maple,
willow, birch trees, and aquatic plants) (Moradi Nafchi and
Morshed 2015). Nevertheless, plants with edible roots or
trees that are dried but still persistent are not advised to be
irrigated with this water if not disinfected. Salt and sodium
compounds, boron, and chlorine are the substances to be
necessarily removed from gray water.
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A hybrid treatment mechanism was applied to the gray
water produced in rural areas, and the results indicated
the effectiveness of this method. After employing cascade
weir, aeration, mixing, and filtration, 83, 70, 83, 50, 97,
46, and 49% of COD, total dissolved solids (TDS), TSS,
total hardness, oils, anions, and cations were removed,
respectively (Pangarkar et al. 2010). Also, two types of
gray water treatment systems were utilized in a study on
a two- and four-floor building with and without a soil-
and-earthworm layer. The presence of the mentioned layer
significantly increased efficiency and decreased BOD and
COD, while the water acidity was regulated in the neutral
range as well. The suspended solids were placed above this
layer and decomposed by the earthworms (Kharwadea and
Khedikarb 2011). Using biological methods, a household
gray water treatment and its application in a flush toilet
were studied. To this purpose, they used sludge for natural
digestion and determined the life of the used sludge to be
60 days. Then, they found that the treated gray water in
this system almost lacked organic matter, while observ-
ing only 10% of COD in the output of this system, thus
concluding its suitable application (Hocaoglu et al. 2013).

Gray water treatment was studied by building a 20-L
tank containing three layers of gravel and sand. Based
on the results, by passing the sewage through the three-
layered filter, the dissolved oxygen in the water increased
and parameters such as turbidity, COD, acidity, TSS, water
hardness, and electrical conductivity (EC) were seen to
decrease (Kundu et al. 2015). The alternating sequential
filters (ASFs) of chitosan and alginate can well purify gray
water of the bathroom for nondrinking uses (Oha et al.
2016). After purification, its turbidity was observed to be
less than 2 NTU, while the amount of total soluble sol-
ids (TSS) was less than 30 ppm. Approximately 20% of
chemical oxygen demand (COD) was also analyzed in this
way (Oha et al. 2016). Three adsorbents (activated carbon
(AC), Iranian natural zeolite (Z), and stabilized nano-zero-
valent iron (nZV])) in single and combined forms were
applied to treat gray water from student hostel of Fasa
University. The results also indicate that single adsorbents
alone are not adequate to guarantee a sufficient reduction
in COD, TDS, and turbidity, but the combination of AC,
Z, and nZVI had the best performance in the gray water
treatment (Amiri et al. 2019).

Based on the previous studies, various methods can be
used to treat gray waters of varying degrees, but the inves-
tigation of a complete hybrid package (from aeration to
disinfection) for the home user was not observed. Hence,
the present research has been aimed at adjusting a gray
water purification system with high treatment efficiency
and easy maintenance to be available in any homemade,
residential, official, or industrial environments.

Materials and methods
Characteristics of the studied gray water

Gray water is commonly produced at different percentages
via various sources (washing machines, dishwashers, kitchen
sinks, basins, house runnels, and baths). The gray water in
this study belonged to an Iranian household living in Ahvaz,
and the study period was 6 months, from May to the middle
of October.

Gray water sampling

In this research, the three sources of the washing machine,
dishwasher, and bath were used to take the gray water
samples. Since there was no separate pipework, the sew-
age of each source was separately collected, and then, the
mixing percentages were achieved based on the data taken
from Journal 117-3 of the Plan and Budget Organization
of the Iranian Ministry of Energy as presented in Table 1.
Therefore, it could be said that in each volume of the gray
water, there were ten, four, and three shares of the sewage
generated in the bath and by the washing and dishwashing
machines, respectively. The obtained ratios of the samples
in all the experiments and repetitions were reported in this
research.

Model development

The algorithm shown in Fig. 1 was used to develop the pro-
posed model in this study. Of course, all the filters were
included in this algorithm. Regarding the purpose of the
test, each filter was first investigated separately, and then, the
seven combinations of the filters were examined with three
repetitions. Figure 1 presents the complete filtration system.

Screens were applied to remove heavy waste mate-
rials from the sewage of the washing and dishwashing
machines and the bathrooms (e.g., hair). A glass settlement
and aeration tank were selected with the dimensions of
30x40x 60 cm and an approximate volume of 70 L. Foam
and oil isolations from the solutions were associated with the
aeration and oxidation of some elements due to their compo-
sitions with oxygen. The purpose of this unit was to provide
their sedimentations. The next unit included a physical puri-
fication with a polypropylene filter to remove the suspended

Table 1 Maximum per capita

. Amount Type of use
consumption of the households
(without green space) in the 15 Dishwasher
year 2016 (values are presented . .
T h 20 Washing machine
in liter per person during 24 h)
50 Bathroom
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Fig. 1 A complete algorithm for
the gray water treatment
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Table 2 Specifications of the used resins

Cation resin features Anion resin features

Resin type: Purolite C100

Total capacity: 2 eq/1

Particle diameter: 300-1200 pm
Volumetric mass: 800840 g/1

Resin type: Purolite A400

Total capacity: 1.3 eq/1
Particle diameter: 300-1200 pm
Volumetric mass: 680-715 g/1

particles like sand, silt, mud, algae, rust, and decayed parti-
cles separated from the inside layers of the pipes.

Depending on the testing type, other filters, such as resins,
activated carbon, and anthracite, were added to the system.
Cation and anion resins in this study were applied to reduce
the amounts of TDS, EC, BOD, TSS, and some other organic
and mineral materials, which were granular and branded as
Purolite. The characteristics of the two cationic and anionic
types are presented in Table 2.

Activated carbon in this study was used due to its high
potential for mineral absorption and chlorine, color, and
odor removal.

Disinfection is a crucial stage in the purification process.
Ozone was utilized in the disinfection process in this system.
The Venturi tube had to be employed for the instantane-
ous injection of ozone to the sewage. The oxygen capsule
was attached to the ozone generator input, and the generated
ozone was entered into the Venturi tube from the generator
outflow to be thoroughly mixed with the gray water. The
oxygen cylinder used in this system produced a concentra-
tion of 99.99% and the output pressure of 5000 kPa as indi-
cated on the measuring gauge at 50 bar (approximately 732
psi), while the rotameter outflow was 10 1/min.

The last step of the purification system was to use an
anthracite column to remove nitrate and further turbidity.
The particle size of anthracite in this research was 0.8 mm.

Propylene activated carbon, cation and anion resins, and
anthracite were poured into the cylindrical tank with a diam-
eter of 7.5 cm and a height (cartridge) of 23 cm. After putting
the cartridges in the compartments (housings), all the housings
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were attached to a chassis. The housing for polypropylene was
transparent, while the other housings were non-transparent.

All the joints, tubes, and interfaces in the present study
were (.25 inches (6 mm). The gray water inside the tank was
pumped through the purification system by using two pumps
with a power of 30 W providing the maximum flow rate of
1500 1/h, and a single pump of height head 2.3 m could gener-
ate the same purification power as well.

Experiments and the measured parameters

Gray water was investigated and measured in terms of TSS,
TDS, BOD, EC, pH, chloride, boron, calcium, magnesium,
sodium, potassium, ammonia, phosphate, carbonate, bicarbo-
nate, phosphate, nitrate, and coliform as the indices of patho-
genic contaminations. The values obtained from the results
were assessed for irrigating urban green spaces according to
the standard values of Environmental Criteria for Treated
Wastewater and Return Flow Reuse (Anonymous 2010). All
the measurements were made based on the standard method
(Anonymous 1998).

Measurements of EC, TDS, sodium, boron, pH, and tur-
bidity were done by using an EC meter, a TDS meter, a flame
photometer (Jenway PFP7 Flame Photometer), a BS-AA320N
flame atomic absorption spectrometer (made by BIOBASE),
a pH meter, and a WTW turbidity meter (Germany), respec-
tively. A titration technique was employed to measure car-
bonate, bicarbonate, and chlorine. Nitrate, ammonia, and
phosphate measurements were conducted by the DR 5000™
UV-Vis spectrophotometer (DR 5000, Hach Co., USA). The
amount of biological oxygen demand (BOD) was measured
with a particular BOD measurement machine (BSB/BOD
Sensomat (AQUALYTIC, Germany) and BD (model 600)).
Coliform measurement was done through the VRBA medium.
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Results and discussion

Measurements of the amounts of the contaminants
before purification

Twenty gray water samples were collected and prepared
based on the intended compositions (Table 1) on different
days, and the required measurements were done based on
the standard methods for each contaminant type (Table 3).

All the measurements taken from the initial gray water
samples suggested that the values of some significant ele-
ments, such as TSS, TDS, and BODs, were higher than the
maximum values permitted by the standards (Table 4). To
reduce the concentrations of the contaminants, those types

Table 3 The amounts of the gray water pollutants before refinement
and their standard limits (dimensionless standard deviation)

Parameter Max Min Average Standard
deviation

Phosphate (mg/1) 12 1 3.85 4.6

Nitrate (mg/1) 25 1 7.6 6.9

Ammonia (mg/1) 12 1 4 3

TSS (mg/l) 300 100 194.1 59.94

TDS (mg/l) 2400 500 1341.6 555.7

BODS5 (mg/1) 300 80 150 55.8

pH 9.5 6.7 8.03 0.6

Turbidity (NTU) 64 28 35.8 8.9

Na (mg/l) 320 130 207.5 46.5

CI (mg/l) 46 1 12.5 12

Br (mg/1) <1 <1 <1 <1

Carbonate (mg/1) 0 0 0 0

Bicarbonate (mg/l) 150 20 76.5 37.7

of filters were used, which were available, economically
feasible, and applicable for more extended periods.

Measurements of the amounts of the pollutants
after purification

Polypropylene fibers, granular activated carbon, weak ani-
onic resins, weak cationic resins, and anthracite were the
materials used as the filters. First, the effects of each filter
on the reductions in the intended parameters were investi-
gated (Table 4). Based on the results, pH, EC, boron, nitrate,
ammonia, and TDS had a variation of 0-1% when passing
through the polypropylene filter, which could be considered
unchanged after a proper approximation. However, the TSS
rate dropped by 60%, which was justifiable considering the
size of the filter pores. This physical elimination resulted in
a 38% reduction in turbidity. Sodium, chlorine, and bicar-
bonate decrease also resulted from the initial aeration and
sedimentation processes or the presence of the chemical
substances in the filter structure. The reduction in the BOD
amount could be more related to the aeration than filter
effects. This result is consistent with that of the study con-
ducted by Azizi et al. (2015), emphasizing the impact of
deep aeration on BOD alleviation.

The results of the activated carbon filter alone (Table 4)
indicated no changes in the levels of pH, boron, and phos-
phate. The low amount of turbidity and TSS reduction result-
ing from using this filter were due to the quite large pores of
the activated carbon compared to the polypropylene filter.
EC and TDS decreases by 18% and 20% were related to both
the surface and internal adsorption powers of activated car-
bon, respectively. Since the activated carbon structure con-
sists of C**, the reductions in some of the soluble materials
in the gray water could be attributed to the absorption of the
ions of opposite charges in the activated carbon. Chlorine
is easily absorbed by activated carbon due to its negative

Table 4 The effects of single and combined filters on the gray water purification (mg/1)

BOD TDS TSS Ammonia Nitrate Phosphate Bicarbonate ClI  Na Turbidity pH

114.75 12375 72 4 5.5 1.9 49 6.65 136.5 20.15 7.8  Propylene

114.75 1000 167.4 3.6 52 2 58.1 2.85 128.7 27.6 7.95 Activated carbon

50 850 153 228 3.1 1.6 51.1 6.65 1365 243 7.39 Resin

114.75 1075 108 2.36 33 2 52.5 9.5 1872 10.72 7.95 Anthracite

93.5 1150 45 2.6 4125 19 45.5 6.65 1872 143 7.8  Propylene + anthracite

101.25 1000 99 2.8 4.89 1.96 52.5 2.37 150.15 25.6 7.8  Propylene + anthracite + activated carbon
99.9 1012.5 81 2.84 4.95 1.98 59.5 3.04 150.15 28.27 7.95 Propylene + activated carbon + anthracite
39.15 887.5 558 352 4.95 1.68 56 2.56 160 21.12 7.95 Propylene + activated carbon + resin

27 875 36 2 33 1.6 42 0.95 148.2 18.87 7.15 Propylene + resin + activated carbon

67.5 950 324 252 3.79 1.6 49 6.65 157.95 2535 6.4  Propylene + anthracite + resin

66.15 925 46.8 6/2 3.57 1.64 38.5 6.65 156 24.7 5.96 Propylene + resin + anthracite

31 450 40 5 - 50 90 100 70 50 8.4  Maximum permissible standard
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charge in the adsorption phenomenon. Too much adsorption
of the granular activated carbon led to chlorine declination
by 70%.

Due to having an opposite electric charge to that of the
activated carbon, bicarbonate, nitrate, and ammonia were
absorbed and thus lowered; however, it seemed that the
adsorption phenomenon did not occur identically for the dif-
ferent components and elements, which could be resulted
due to the factor of “tendency to combine” and some other
factors.

The above results are consistent with those obtained from
the study conducted by Alizadeh and Borghaei (2009), who
further discovered the effectiveness of activated carbon in
the alleviations of BOD5 amount and turbidity by 92% and
84% in the sewage treatment of textile industry at the times
of high stagnation. One of the most critical applications of
activated carbon is chlorine removal, the fact that has been
evidenced in many studies. In their studies, Chiang et al.
(1997) found that activated carbon has currently provided
one of the adequate approaches to the purification of pri-
ority organic pollutants and harmful compounds besides
being widely utilized for softening hard water and remov-
ing excessively remaining chlorine, as well as desalting and
deodorizing water (Chiang et al. 1997). In the study carried
out by Prathapar et al. (2006), activated carbon led to the
reductions in TSS and organic matter amounts by 50% and
40%, respectively, which are consistent with those of the
present research. Also, the filter of granular activated carbon
showed removal efficiencies for COD (56%), color (67%),
TSS (33%), turbidity (38), and Zn (62%) from gray water
(Cheng Leong et al. 2018).

The resin filter in this study was referred to as the simulta-
neous use of anion and cation resins. Resins led to the reduc-
tions in the amounts of many pollutants and ions (Table 4).
The reductions in the amounts of EC, sodium, chlorine,
bicarbonate, phosphate, nitrate, ammonia, and TDS could
be ascribed to their decreases in the ion-exchange processes
of the resins. The reduced TSS and turbidity were also due
to the gray water passing through fine resin grains acting
as a filter against the suspended particles. The strengths of
the resins in exchanging ions and various compounds and
removing them from the gray water were the basis of lower-
ing the BOD amount, which was considered to be reason-
able. The obtained results are well consistent with those of
the previous studies. In one study, it was found that ion-
exchange resins have good yields of removing the ions that
intensify water hardness. This study showed that resins could
well remove such ions as sulfate and nitrate from water.
Calcium and magnesium, and consequently, water hardness
were alleviated as well (Sadeghi et al. 2017). In the other
research, the resin was used as a suitable agent to reduce
water hardness, total minerals, water salinity (desalting),
and hydrogen, which is congruent with the result achieved

@ Springer

in this investigation (Ahmadpari et al. 2017). In one study,
ion-exchange resins could best reduce up to 85% of BODj,
which is consistent with the result of the current study (Hey-
dari et al. 2017).

Anthracite is one of the most widely used filters in water
and wastewater treatments for reducing turbidity. The rea-
sons behind the reductions achieved through an anthracite
filter are highly similar to those of an activated carbon filter
with the difference that the smaller anthracite grains convert
anthracite into a more active filter for physically removing
the pollutants. It should be noted that anthracite has a high
tendency to absorb nitrate. In terms of reducing sodium,
anthracite indicated similar performance to that of the acti-
vated carbon. The results of the previous studies on anthra-
cite are properly in agreement with these results. In a study
performed on an anthracite sample in the past, water tur-
bidity had decreased by 90%. Also, anthracite significantly
reduced BODS5 (Shah Mansouri and Alipour 2004).

Based on the results, each filter alone was not able to
make the desired parameters reach the standard levels;
hence, it was impossible to ignore the combined roles of
the filters, and thus, the components of the filters were
investigated. The seven components such as “primary fil-
ter 4+ anthracite,” “primary filter + anthracite + activated
carbon,” “primary filter + activated carbon + anthracite,”
“primary filter + activated carbon +resin,” “primary fil-
ter +resin + activated carbon,” “primary filter + anthra-
cite+resin,” and “primary filter + resin + anthracite” were
studied, the results of which are presented in Table 4. These
filters were used for removing the suspended matter and
reducing the relative turbidity under the mentioned condi-
tions. The samples were first aerated, and then, the solutions
were left to reside. In the single and combined filters, the
volumes of each filter were equal to three housings and one
housing, respectively.

Applications of the different combinations yielded better
results than a single filter. For selecting the best combina-
tion, the effects of each combined filter on the numbers of
the reduced pollutants were evaluated by comparing them
with the standard levels (Table 5).

According to Table 5, the best performance pertains to
the combined filter of “polypropylene + resin + activated

Table 5 The effects of the combined filters on the pollutants

Desired filter combinations Number of
reduced pol-
lutants

Polypropylene + resin + activated carbon 8 pollutants

Polypropylene + resin + anthracite 2 pollutants

Polypropylene + anthracite 1 pollutant

Polypropylene + anthracite + resin 1 pollutant
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carbon,” which has reduced eight standard pollutants,
including TSS and BODs. The mechanisms selected in this
study for the low-cost purification of gray water incorpo-
rated the trash racks of the settling and suspended materials,
aeration and settling tanks, polypropylene filter, anion and
cation resin filters, and activated carbon filter. After select-
ing the above combination, the gray water was treated, and
the reduced amounts of the pollutants were measured after
each stage. Table 6 exhibits the share of each filter in lower-
ing the desired parameters. For instance, the 80% reduction
in BODs was the result of 15, 15, and 50% decreases through
the settlement and polypropylene filter (primary fiber), acti-
vated carbon, and resins. Based on this table, resins play a
significant role in relieving the studied parameters. Friedler
et al. (2005) combines the biological treatment (RBC) with
physicochemical treatment (sand filtration and disinfection)
in the pilot plant and could remove TSS, turbidity, BOD, and
COD by 82%, 98%, 96%, and 75% respectively.

The pilot-scale hybrid treatment system was (a multi-
media filter, a granular activated carbon filter, and ozone
disinfection) applied by Cheng Leong et al. (2018) for gray
water treatment (sourced from a mixture of showers/baths
and laundry). This system removed 52% COD, 53% BODS,
14% NH3-N, 67% PO4-P, 81% color, 81% turbidity, 50%
total suspended solids (TSS), 53% of total coliform, 63%
copper (Cu), and 29% zinc (Zn).

Selecting an adequate debit for the system

It was necessary to adjust the inlet flow rate of the system
after selecting the purification algorithm. To this goal, the
flow rates of 5, 2, 1, 0.5, 0.25, and 0.1 I/min were passed
through the system, and the reduction efficiencies of the

Table 6 The effects of the selected filters on the reductions in the pol-
lutants

Parameter ~ Resin Activated Aeration and Total
portion carbon portion primary filter ~ decrease
(%) (%) portion (%) (%)
pH 7 2 1 10
Turbidity 20 15 10 45
EC 21 5 1 27
SAR Total reduction after filtration 28
Na 20 3 1 24
Cl 20 40 30 90
Bicarbonate 25 10 5 40
Phosphate 15 - 5 20
Nitrate 30 10 - 40
Ammonia 40 10 - 50
TSS 15 5 40 80
TDS 23 5 2 30
BODS5 50 15 15 80

pollutants (e.g., BOD; reduction as shown in Fig. 2) were
obtained. In the present study, a proper flow rate played a
quite significant role in the performance of the filters, while
low flow rates in some cases led to their ineffective per-
formance. The system showed the best performance at the
flow rate of 0.25 I/min or 15 I/h. If the flow rate were high,
the adsorbents and filters inside the system would lack suf-
ficient time to exchange the ions and eliminate the wastes,
thus being almost inefficient. In a rather low flow rate, the
low pressure would cause flow stagnation, especially in the
final filters, and it could be said that the system would not
have an acceptable treated volume at the outlet, thus being
unreliable.

Disinfection

Disinfection was conducted to ensure the safety of the
treated water for nondrinking uses involving human contact.
In this research, instantaneous ozonation was performed for
disinfection. To evaluate the effects of ozone concentration
and its adjustment, the concentrations of 1, 2.5, and 5 g/h
were used for ozone production and injection. The coliform
culture was indicative of negative results in all the three
cases, confirming that the minimum amount of ozone (1 g/h)
in this method could instantly eliminate all the gray water
coliform and disinfect them.

Ozone has antimicrobial effects on a range of gram-pos-
itive and gram-negative bacteria and spores (Parish et al.
2003). With the progressive oxidation of vital compounds,
ozone destroys microbe cells and prevents their growths.
The results of this research demonstrated how ozone could
destroy coliform. The above study corroborates the find-
ings of the present investigation. Kim et al. (2009) treated
gray water through a microfiltration membrane and oxida-
tion process. This system could effectively remove COD,
turbidity, color, and suspended solids, while OP was useful

90
80
70
60
50
40
30
20
10

Percent of decrease

0 05 1 15 2 25 3 35 4 45 5
Q (I/min)

Fig.2 The percentages of BODS5 reduction (purification) at different
debits
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for the removal of E. coli, total coliform, Salmonella, and
Staphylococcus.

Conclusion

The current investigation indicated that a combination of
the most straightforward common filters in the market, i.e.,
polypropylene filter, resins, activated carbon, and anthra-
cite, could well purify the studied gray water to the standard
level. However, each filter was able to reduce only a certain
number of the intended parameters and could not thus affect
all the parameters. Filter arrangements and appropriate flow
rates significantly changed the results of the present study.
After examination, the filter of “polypropylene + resin + acti-
vated carbon” was found to have the best performance. This
combination was more effective on the reductions in sodium,
chlorine, phosphate, nitrate, ammonia, BODg, TDS, and
EC. The mentioned combined filter could determine if the
amounts of the pollutants were within the permissible and
standard ranges. For the best performance, the flow rate of
0.25 1/min or 15 1/h was regarded as the appropriate flow
rate of the system. Any lower and higher flow rates would
slow down the system performance and lower the purifica-
tion efficiency, respectively. In this system, the disinfection
process occurred through instantaneous ozonation, which
led to the destruction of all the coliform in the gray water at
the concentration of 1 g/h. This treated gray water is suitable
for nondrinking usage.
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