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Introduction

In Poland, water resources are lim-
ited. Considering water consumption for 
industry and agriculture, the amount of 
water that can be used for communal pur-
poses is only approx. 365 m3·M–1·year–1 
(Kundzewicz, Zalewski, Kędziora & 
Pierzgalski, 2010). Such a quantity of wa-
ter should theoretically be enough to meet 
the needs of human consumption. Water 
consumption in households is around 
36.5–54.75 m3·M–1·year–1 (Chudzi-
cki & Sosnowski, 2011b). However, it 
is necessary to consider the periods of 
drought occurring in Poland that contrib-
ute to lowering the level of groundwater 
and drinking water shortages.

Water quality in recent years in Po-
land is improving, but the amount of 

drinking water in the rivers is still un-
satisfactory. Kundzewicz et al. (2010) 
determined the good condition of waters 
only for 7% of the Vistula and Odra river 
basins. Additionally, it should be remem-
bered that the occurring fl oods also do 
not improve the situation (Kundzewicz 
et al., 2010). They cause pollution of 
surface waters. This, in turn, adversely 
affects the drinking water resources.

Analyzing the water usage in a typi-
cal household (Chudzicki, 2010; Chudzi-
cki & Sosnowski, 2011b), it turns out 
that nearly 30% is used to fl ush toilet 
bowls. Usually tap water is used here. 
The question arises whether water needs 
to be used for this purpose with the pa-
rameters of drinking water quality that 
meets the 2017 Regulation of the Min-
ister of Health on water quality for hu-
man consumption. It is believed that 
gray water may be used to the toilet 
after pre-treatment (Abdel-Shafy & Al-
-Sulaiman, 2014; Gross, Maimon, Al-
fi ya & Friedler, 2015; Vuppaladadiyam 
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et al., 2019). Considering the amount of 
gray sewage generated in homes (about 
51% of the total amount of sewage), one 
can notice enough of them to rinse the 
toilet bowls. Currently in Poland, sew-
age in households is entirely discharged 
into collective sewage systems (Kalenik, 
2015; Bugajski, Chmielowski & Kaczor, 
2016) or are cleaned in household waste-
water treatment plants (Kalenik, 2014; 
Spychała, 2016).

Gray water reuse gives the possibil-
ity of economic management of drink-
ing water. It is estimated that re-use of 
gray water can bring savings of 30–50% 
(Mucha & Jodłowski, 2010). The prob-
lem, however, is their quality. Gray wa-
ter (sewage from the bath – approx. 26% 
of sewage, body wash – approx. 10%, 
laundry – approx. 15%) are considered 
as contaminated water without faeces. 
However, these wastewater often contain 
various types of soaps, washing powders 
and liquids, fats of human origin, solid 
impurities (Christowa-Boal, Eden & 
McFarlane, 1996; Mucha & Jodłowski, 
2010; Boyjoo, Pareek & Ang, 2013). 
This is the reason for the reluctance of 
potential users to use them even in toi-
lets. Gray water frequently contributes to 
excessive deposition of contaminants on 
the surfaces of ceramic sanitary facili-
ties (Chudzicki & Sosnowski, 2011b). 
They can also cause the production of 
dangerous aerosols when fl ushing the 
toilet bowls (Mucha & Jodłowski, 2010; 
Chudzicki & Sosnowski, 2011a).

In Poland, there are currently no legal 
regulations regarding the quality of wa-
ter used in households for other purposes 
than consumption or bathing. The litera-
ture specifi es that this water should be 
safe for life and health, it should not be a 

habitat for fl ies, it cannot pose a threat to 
the environment, it should look aestheti-
cally. These guidelines, presented in the 
work of Mucha and Jodłowski (2010), 
are the basic parameters of the quality 
of liquid used for economic purposes. 
The authors also present gray water to be 
used for this purpose, citing various so-
lutions using gray water in toilets with-
out prior pre-treatment. However, such 
installations may be used only in the case 
of direct use of gray water to rinse the 
toilet bowls without holding them longer 
time and when the appearance and smell 
are acceptable.

The gray water system should be 
easy and friendly to use. If it is necessary 
to keep gray water before their second-
ary use, it is advisable to clean them up 
to a level that does not endanger human 
health and life. In addition, this installa-
tion should minimize the possibility of 
deposition of contaminants on sanitary 
ceramics (Malarski, 2013).

The pre-treatment of gray water can 
be carried out in many ways. Christowa-
-Boal, Eden and McFarlane (1996), 
March, Gual and Orozco (2004), Gual, 
Moia and March (2008), Abudi (2011), 
Khalaphallah (2012), Abdel-Shafy, El-
-Khateeb and Shehata (2013), Ushijima, 
Ito, Ito and Funamizu (2013), Charchalac 
Ochoa, Ushijima, Hijikata and Funamizu 
(2015) propose the use of a system based 
on fi ltration of gray water through poly-
propylene mesh fi lters, sand fi lters and 
chlorine disinfection. The literature also 
refers to systems based on biofi ltration 
system with swamp plants (Masi et al., 
2010; Abdel-Shafy & Dewedar, 2012; 
Abdel-Shafy & El-Khateeb, 2013), and 
RBC type devices (rotating biological 
contactor), UASB (upfl ow anaerobic 
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sludge blanket) or membrane reactors 
(Hourlier et al., 2010; James, Surendran, 
Ifelebuegu, Ganjian & Kinuthia, 2016; 
Huelgas-Orbecido & Funamizu, 2019; 
Wu, 2019). These devices are proposed 
for installation in collective use build-
ings, multi-family residential buildings, 
housing estates or their surroundings. 
They are often large devices used to treat 
wastewater from the entire household. 
Unfortunately, this often results in a high 
price and a signifi cant reduction in appli-
cability in a single sanitary point in the 
household.

The aim of the research was to de-
termine the suitability of using double 
stage cartridge fi lters for pre-treatment 
of bathing gray water for possible sec-
ondary use of it. The possibilities of 
using double stage polypropylene-car-
bon cartridge fi lter FCCA-STO, as well 
as polypropylene FCPS10 and carbon 
FCCA cartridges fi lter, constituting sin-
gle stages of a double stage cartridge 
were determined.

Material and research 
methodology

Analyzed gray water contained pol-
lution coming from washing and bathing 
sources of a typical two-family building 
used by seven people. The effl uent for 
tests was collected at the outfl ow from 
sanitary facilities. The effl uent were col-
lected in a septic tank and then passed 
through cartridge fi lter with a fi xed ini-
tial capacity of 0.1 dm3·s–1. This value 
corresponds to the normative outfl ow of 
water into the toilet bowl from the water 
supply system (PN-92/B-01706, PN-EN 
806-3:2006). Performing fi ltration on the 

cartridge fi lter, it was attempted to deter-
mine the possibility of using a selected 
cartridge fi lter for pre-treatment of bath 
gray water. The characteristics of gray 
water are shown in Table 1.

Housing cartridge fi lters are small 
devices (Aquafi lter 2016, BWT 2016), 
with a standard height of approx. 30 cm 
and a diameter of approx. 12 cm. Fil-
ter element with a height of 10” and a 
diameter of 2.5” can be replaced alone 
without the participation of specialized 
service. In the case of drinking water 
purifi cation, the fi lter cartridge should 
be replaced every 6 months (Aquafi lter 
2016, BWT 2016). However, for the pre-
treatment of gray water, the “lifetime” of 
cartridges is not estimated.

The research was divided into three 
experiments that differ in the type of fi l-
ter cartridge used. In the fi rst experiment, 
a double stage polypropylene-carbon 
cartridge fi lter FCCA-STO was used. 
However, the other two experiments that 
examined individual fi ltration stages 
were made on a single polypropylene 
cartridge FCPS10 with a fi ltration accu-
racy of 10 μm (the second experiment) 
and on a single carbon cartridge fi lter 
FCCA (third experiment).

During the tests, samples of raw 
gray water and fi ltrate were collected 
for analytical tests of their quality. The 
samples were tested for the following 
parameters:

pH – electrometric measurement 
(PN-EN ISO 10523:2012) using the 
Hach Lange Sension 4 pH meter and 
Elmetron EPP-3 electrode,
suspended and dissolved solids 
– measurement by weight in relation 
to the procedure included in the PN-
-78/C-04541 standard,

–

–
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turbidity – measurement by neph-
elometric method (PN-EN ISO 
7027:2003. Chapter 6) with the use 
of turbidimeter 2100N IS Turbidim-
eter,
conductivity – conductometric meas-
urement (PN-EN 27888:1999),
biochemical oxygen demand (BOD5) 
– measurement using the WTW bot-
tle method, in accordance with the 
PN-EN 1899-1:2002, 2:2002 stand-
ard,
decay – measurement by visual 
method (PN-C-04626:1976),
chemical oxygen demand (COD) – 
measurement by means of a titration 
method (PN-ISO 15705:2005).
The research focused mainly on the 

results of turbidity and decay of the in-
vestigated gray water. These parameters 
show the time of possible liquid retention 
before its secondary use, e.g. for fl ushing 
the toilet bowls and organoleptic accept-
ance by the potential user. The results of 
the tests were compared for each meas-
urement series separately.

Results and discussion

Bathing gray water is characterized 
by high variability of quality parameters. 
Their composition depends mainly on 
the contamination of the person taking a 
bath, as well as on the amount and type of 
detergent (Malarski, 2013, 2016; Malar-
ski, Matusiak & Cybula, 2016). Table 1
presents the results of testing the qual-
ity of gray water from the bath. Samples 
of gray water from baths of a two-family 
building inhabited by seven people were 
tested. Limit values of obtained results 
as well as average values, standard de-

–

–

–

–

–

viation and median of individual quality 
parameters are presented.

According to Dixon et al. (1999) and 
Boyjoo et al. (2013) gray water should 
not last longer than 48 h without treat-
ment. It results from biodegradability of 
gray water. In the Malarski study (2013) 
carried out on gray water from the bath-
tub, the results of decay were obtained at 
the level of 170 h. In the own research, 
however, a different time of gray water 
is noticeable, average 74 h. This proves 
a signifi cant diversity of gray water de-
pending on their origin. At the same time, 
it shows the need for an individual ap-
proach to the possible use or treatment of 
gray water. Often forcing them to purify 
almost immediately, which is consistent 
with the guidelines for using gray water 
in many countries (Yu, Rahardianto, De 
Shazo, Stenstrom & Cohen, 2013; Oron 
et al., 2014; James et al., 2016).

Tested gray water was characterized 
by a similar turbidity value (average 74.9 
NTU) to the Jabornig and Favero (2013) 
tests results about 133 NTU, Oron et al. 
(2014) tests results about 50–250 NTU, 
Šostar-Turk, Petrinić and Simonič (2005) 
tests results about 35 NTU, Gual et al. 
(2008) tests results about 38.8 NTU, 
Jamrah, Al-Futaisi, Prathapar and Har-
rasi (2008) tests results about 279 NTU, 
March et al. (2004) tests results about 20 
NTU. In the author’s own research, stud-
ies were carried out on gray water from 
bath, as in the presented literature. The 
turbidity of gray water after bathing can 
be set at different levels depending on 
the “soiling” of the person taking a bath 
and the consumption of washing agent.

Analyzing the obtained results of 
the gray water quality tests an increased 
concentration of COD and BOD values 
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is noticeable. Values exceed the limit set 
out in the 2014 Regulation of the Minis-
ter of Environment on conditions of sew-
age and substances particularly harmful 
to water environment for wastewater that 
may be introduced into waters or into the 
ground.

High turbidity, variable value of de-
cay, and often also the color of gray wa-
ter may cause reluctance to their possi-
ble re-use. Therefore, in determining the 
effi ciency of operation of selected fi lter 
cartridges in each research series, the 
quality of raw gray water was tested.

Experiment 1. Filtration on a fi lter 
with a double stage polypropylene-
-carbon FCCA-STO cartridge

In series 1 of tests, the fi ltration of 
bath gray water was carried out using a 
double stage polypropylene carbon fi lter 
cartridge FCCA-STO. For this purpose, 
baths gray water from the two-family 
building was stored in the tank – about 
300 dm3. Then, 80 dm3 of averaged gray 
water was fi ltered on the prepared test 

stand, without getting a full colmatation 
of the fi lter cartridge. Five fi ltrate sam-
ples and one raw gray water sample were 
collected. The remaining gray water was 
used to carry out experiments 2 and 3. 
The experiments were carried out twice 
at an interval of two weeks.

As a result of the tests, parameters 
of the fi lter cartridge were determined 
in terms of selected quality parameters. 
Table 2 presents the average values of 
the parameters from two conducted 
experiments.

As a result of fi ltration, the quality 
indicators of gray water underwent slight 
changes. The best effect was obtained 
for suspensions. After fi ltering 40 dm3 
of gray water, a reduction of 80% was 
obtained. The remaining tested quality 
indicators showed a smaller reduction. 
The turbidity reduction was 44% in the 
samples taken after fi ltration of 20 dm3 
gray water, for COD reduction by 13%, 
BOD5 by 30%, TDS by 14% in samples 
of 10 dm3. The remaining analyzed indi-
cators of the quality of the liquid practi-

TABLE 1. Ranges of values of selected indicator of pollutants in bath gray water testing (own studies)

Indicator Unit Values AVG M SD
Turbidity NTU 28–156 74.9 71.9 29
pH – 7.12–9.39 8.21 8.33 0.60
Conductivity μs·cm–1 1 234–2 900 1 752 1 687 483
Decay h 64–90 74 75 8
COD mg O2·dm–3 182–273 224 224 25
BOD5 mg O2·dm–3 71–180 118 115 25
Total suspended solids (TSS) mg·dm–3 74–892 482 476 233
Fixed suspended solids (FSS) mg·dm–3 48–445 227 202 100
Volatile suspended solids (VSS) mg·dm–3 26–640 255 280 162
Total dissolved solids (TDS) mg·dm–3 854–3 715 2 452 2 281 829
Total fi xed solids (TFS) mg·dm–3 315–2 285 1 325 1 327 496
Total volatile solids (TVS) mg·dm–3 539–1 768 1 127 1 054 404
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cally showed no major changes. The test 
results are presented in Table 2.

In the research, a double stage fi lter 
cartridge was used, obtaining the results 
of reduction of pollutants at a level simi-
lar to the reduction values of the inves-
tigated pollutants obtained by March 
et al. (2004) and Gual et al. (2008) in 
studies based on fi ltration of gray water 
from hotel rooms through a nylon fi lter. 
Similarly to own research, the research-
ers conducted studies on bath gray water 
coming from bathrooms, for which the 
initial concentrations and as well as val-
ues obtained after the fi ltration process 
on the used cartridge are still high, signif-
icantly exceeding the permissible values 
for waste water introduced into water or 
soil in accordance with the 2014 Regula-
tion of the Minister of Environment.

On the basis of the obtained results, 
it can be only assume the legitimacy of 
the use of housing cartridge fi lters in the 

tests of treating gray water from the bath 
at least in the fi rst stage of treating. The 
use of a carbon element in the fi lter for 
the purifi cation of this type of gray wa-
ter is not a good solution at this stage of 
treating. The carbon fi lter should provide 
sorption processes. In the case analyzed 
in the experiment, most likely the pores 
in the carbon element of the fi lter car-
tridge were quickly blocked by impuri-
ties contained in the gray water and the 
fi lter acted as a normal fi lter with me-
chanical removal of impurities. There-
fore, it seems necessary to determine the 
effectiveness of the individual fractions 
of the fi lter cartridge used.

A double stage polypropylene-car-
bon fi lter was used for testing without 
the possibility of sampling between in-
dividual stages. Hence, to determine 
the effect of individual fi lter stages on 
wastewater treatment, tests were car-
ried out on single polypropylene fi lter 

TABLE 2. Characteristics of bath gray water raw and treated on the housing double-stage polypropyl-
ene-carbon cartridge fi lter FCCA-STO (own studies)

Indicator Unit
Raw 
gray 
water

Volume of fi ltrate [dm3]

10 20 40 60 80

Turbidity NTU 45.6 26.1 25.4 27.1 28.2 27.5
pH – 7.58 7.80 7.81 7.79 7.75 7.82
Conductivity μs·cm–1 1 386 1 296 1 310 1 356 1 341 1 330
Decay h 70 70 70 70 70 70
COD mg O2·dm–3 224 195 214 205 205 200
BOD5 mg O2·dm–3 103 72 80 92 85 95
Total suspended solids (TSS) mg·dm–3 706 185 162 141 165 148
Fixed suspended solids (FSS) mg·dm–3 75 65 60 52 63 58
Volatile suspended solids (VSS) mg·dm–3 631 120 102 89 102 90
Total dissolved solids (TDS) mg·dm–3 1 078 932 968 970 954 972
Total fi xed solids (TFS) mg·dm–3 754 654 676 679 666 678
Total volatile solids (TVS) mg·dm–3 324 278 290 291 288 294
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cartridges FCPS10 (experiment 2) and 
carbon FCCA (experiment 3). These car-
tridges are made of fi lter material used 
to build the FCCA-STO cartridge used 
in experiment 1.

Experiment 2. Filtration on a fi lter 
with a polypropylene cartridge 
with a fi ltration accuracy of 10 μm 
– FCPS10

In the second experiment, fi ltration 
of bath gray water through a fi lter with 
a polypropylene cartridge with a fi ltra-
tion accuracy of 10 μm FCPS10. The 
research was carried out in the same way 
as in experiment 1, using gray water re-
maining in the tank. Amount of 80 dm3 
of gray water were fi ltered. During the 
tests samples of the fi ltered liquid were 
collected. Five samples of fi ltrate were 
taken during the experiment. Analog-

ously to the experiment 1, tests were car-
ried out twice at an interval of two weeks. 
The results of laboratory tests on the con-
centrations of selected quality parame-
ters of collected samples are presented in 
Table 3, as mean values from tests. Dur-
ing the fi ltration, no full colmatation of 
the deposit was obtained.

The fi ltration of bath gray water 
through the analyzed fi lter cartridge did 
not signifi cantly change the parameters 
of their quality. Individual quality indi-
cators did not change much. Maximum 
recorded average reductions of ratios 
from duplicate tests were obtained for 
samples collected after fi ltration of 20 
dm3 of sewage: for turbidity – reduction 
by 65%; TSS – by 81%; TDS – by 22%; 
COD – by 13%; BOD5 – by 41%.

There is a noticeable fl uctuation in 
the concentration of COD in individual 

TABLE 3. Characteristics of bath gray water raw and treated on the housing polypropylene cartridge 
fi lter FCPS10 (own studies)

Indicator Unit
Raw 
gray 
water

Volume of fi ltrate [dm3]

10 20 40 60 80

Turbidity NTU 45.6 16.0 15.8 16.1 16.3 16.5
pH – 7.58 7.63 7.67 7.59 7.55 7.69
Conductivity μs·cm–1 1 386 1 389 1 366 1 376 1 381 1 379
Decay h 70 77 77 77 77 77
COD mg O2·dm–3 224 214 195 200 205 200
BOD5 mg O2·dm–3 103 70 61 65 69 65
Total suspended solids (TSS) mg·dm–3 706 140 131 155 163 147
Fixed suspended solids (FSS) mg·dm–3 75 15 17 19 18 18
Volatile suspended solids 
(VSS) mg·dm–3 631 125 114 136 145 129

Total dissolved solids (TDS) mg·dm–3 1 078 831 843 862 851 854
Total fi xed solids (TFS) mg·dm–3 754 582 592 601 602 595
Total volatile solids (TVS) mg·dm–3 324 249 251 261 249 259
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samples of fi ltered liquid. However, 
considering their small reduction rela-
tive to the raw gray water, at the same 
time relatively low value compared to 
industrial wastes (Malarski, Czajkowska 
& Nowak, 2018), these changes should 
be considered as the result of measure-
ment error.

Compared to the obtained values of 
squashing with the Dixon et al. study 
(1999), a longer time was obtained. How-
ever, as in Malarski’s research (2013), 
this index has not improved signifi cantly 
during fi ltration.

For the potential user of gray water 
an important parameter of their quality is 
decay. This indicator for raw gray water 
was 70 h. During fi ltration the value of 
this parameter slightly improved to 77 h.
Some of indicators, which case decay 
decrease during fi ltration, that is confi rm 
by other parameters tested.

Experiment 3. Filtration on a fi lter 
with a carbon cartridge – FCCA

In the third experiment, fi ltration of 
bath gray water through a carbon car-
tridge fi lter FCCA was carried out. The 
aim of the conducted research in the ex-
periment was to determine the impact of 
the second stage of the FCCA-STO fi lter 
on the fi ltration of bath gray water. The 
research was carried out in the same way 
as in experiments 1 and 2, using the re-
maining gray water from the bath accu-
mulated in the tank. The experiment was 
completed after fi ltering 80 dm3 of gray 
water. The fi lter cartridge has not been 
fully colmatated. During the tests, fi ve 
samples of fi ltered gray water were col-
lected. The tests were carried out twice 
at an interval of two weeks. The tests re-
sults of the analyzed quality parameters 
at taken samples were presented as mean 
values from the tests in Table 4.

TABLE 4. Characteristics of bath gray water raw and treated on the housing carbon cartridge fi lter 
FCCA (own studies)

Indicator Unit
Raw 
gray 
water

Volume of fi ltrate [dm3]

10 20 40 60 80

Turbidity NTU 45.6 33.2 35.1 35.9 35.9 36.0
pH – 7.58 7.66 7.71 7.65 7.68 7.71
Conductivity μs·cm–1 1 386 1 355 1 368 1 380 1 369 1 372
Decay h 70 72 72 72 72 72
COD mg O2·dm–3 224 200 200 205 214 205
BOD5 mg O2·dm–3 103 85 81 88 91 88
Total suspended solids (TSS) mg·dm–3 706 146 141 133 150 148
Fixed suspended solids (FSS) mg·dm–3 75 37 36 35 39 38
Volatile suspended solids 
(VSS) mg·dm–3 631 109 105 98 111 110

Total dissolved solids (TDS) mg·dm–3 1 078 916 905 925 909 891
Total fi xed solids (TFS) mg·dm–3 754 641 633 648 630 625
Total volatile solids (TVS) mg·dm–3 324 375 372 277 279 266
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The fi ltration of bath gray water 
through the analyzed fi lter cartridge did 
not signifi cantly affect the quality pa-
rameters of liquid. They have improved 
to a small extent, but the analyzed liq-
uid quality indicators have not changed 
signifi cantly.

The obtained results showed lower 
effi ciency of the carbon cartridge in the 
gray water pretreatment process as com-
pared to experiments 1 and 2. Consider-
ing that the analyzed fi lter cartridge is a 
carbon cartridge used mainly as a sorp-
tion cartridge for removing dissolved 
pollutants, its lower effi ciency in treating 
gray water containing a series of impuri-
ties in a suspended form is justifi ed.

Based on the results of the research, 
it can be assumed that the used fi lter car-
tridge in the case of gray water fi ltration 
on it acted like an ordinary mechanical 
fi lter with low fi ltration effi ciency.

Because of fi ltration, the follow-
ing quality parameters have slightly 
changed: turbidity (up to approx. 27% 
in the fi rst sample), COD (up to approx. 
11% in samples 1 and 2), TDS (up to 
17% in sample 5), BOD5 (up to about 
21% in sample 2). Higher reduction was 
obtained for the TSS (up to about 81% in 
sample 3).

Based on the test results, it can be as-
sumed that the sorption capacity of the 
fi lter cartridge was quickly exhausted 
with the fi rst portion of gray water as a 
result of clogging of the pores of the fi lter 
bed. After that the cartridge still worked 
only as a bed of mechanical fi ltration. 
This is confi rmed by a greater reduction 
of turbidity and TSS in the analyzed fi l-
trate samples.

The tests on single FCPS10 and 
FCCA fi ltration cartridges confi rm the 

assumption that follows the fi rst series of 
tests (experiment 1) with a double stage 
polypropylene-carbon fi lter. The amount 
of pollution reduction on the FCPS10 
fi lter is at the same level as on the fi l-
ter with the FCCA-STO cartridge, while 
the use of the FCCA cartridge (carbon 
cartridge) showed worse results. Hence 
it can be concluded that the carbon fi l-
ter, which is a sorption fi lter, under these 
conditions in the experiment does not 
work properly. Using it for the treatment 
of bath gray water acts as an ordinary 
mechanical fi lter with low effi ciency of 
removing impurities. For comparison, in 
studies conducted by Šostar-Turk et al. 
(2005) on bath gray water, the obtained 
pollution reduction was at the level of 
85–95% using a coagulation process in 
combination with fi ltration on a 1 m fi l-
ter column fi lled with sand and fi ltration 
through a 1m column with granular acti-
vated carbon.

For the potential user of recycled gray 
water, an important parameter of waste-
water quality is their appearance. This 
parameter can be determined by waste-
water turbidity. In order to determine the 
effectiveness of individual tested fi lter 
cartridges, their effectiveness in terms of 
turbidity reduction was analyzed.

The analysis of gray water treatment 
effi ciency in terms of turbidity was con-
ducted for all experiments performed us-
ing the values of the turbidity parameter 
presented in Tables 2–4. To minimize the 
impact of analytical errors, an attempt 
was made to approximate the measure-
ment points with different functions. The 
best refl ection of the points was obtained 
using the hyperbolic function. For this 
reason, the diagrams shown in Figure 1 
were constructed, where the vertical axis 
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is turbidity (S) and the horizontal fi ltered 
volume of sewage. The determination 
coeffi cients (R2) have been determined 
for the presented functions. It was as-
sumed that the function with the highest 
value of the R2 coeffi cient would be a 
good fi t of the function. Linear functions 
and their R2 determination coeffi cients 
are shown in Figure 1.

The functions presented in Figure 1 
were used to calculate the effectiveness 
of gray water treatment using the follow-
ing formula

p i

p

S S
S

η
−

=

where:
η – effi ciency of decreasing wastewater 
turbidity,
Sp – initial turbidity of gray water, 
Si – turbidity after fi ltering a given 
volume.

Effectiveness of gray water treat-
ment on individual fi lter cartridges is 
shown in Figure 2. As can be seen there, 
the functions of the turbidity reduction 

effi ciency are decreasing. This means 
that the analyzed cartridges, together 
with the amount of fi ltered gray water, 
have less ability to remove turbidity. At 
the same time, a faster decrease in the 
turbidity reduction effi ciency in the fi l-
trate is noticeable by using a contribution 
with activated carbon content relative to 
the polypropylene cartridge. Comparing 

the method of pollution reduction ap-
plied in the own research with a double 
stage fi lter cartridge, for example with 
the Vakil, Sharma, Bhatia, Kazmi and 
Sarkar (2014), using the electrocoagu-
lation processes, the obtained effect is 
minimal. The researchers obtained the 
turbidity reduction effect at the level of 
85%, where in the authors’ own research 
the effect was obtained at only 40% for 
a double stage cartridge.

Used FCCA carbon cartridges, 
FCPS10 polypropylene cartridges and 
FCCA-STO polypropylene carbon car-
tridges were not blocked during the tests. 
Only 80 dm3 of gray water were fi ltered 
each time, and then the experiments were 
stopped. Based on the assumption of 
FCCA-STO and FCCA fi lters operation 

FIGURE 1. Hyperbolic dependence of turbidity as a function of gray water fl ow (own studies)
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as ordinary mechanical cartridge fi lters 
instead of sorption fi lters and a straight 
decrease in their effi ciency, their turbid-
ity removal capacity will run out after 
fi ltering about 630 dm3 of gray water 
with an FCCA-STO cartridge, 360 dm3 
with an FCCA cartridge and 3,400 dm3 
with a FCPS cartridge.

It may seem to be problematic why 
fi ltration using the double stage poly-
propylene carbon cartridge FCCA-STO 
showed lower effi ciency of turbidity 
reduction from gray water relative to 
the single stage fi ltration system on the 
FCPS10 polypropylene cartridge and at 
the same time higher relative to the sys-
tem using the single stage FCCA carbon 
cartridge. The carbon cartridge, which is 
a sorption fi lter, under the given condi-
tions works most likely like an ordinary 
mechanical fi lter after the rapid exhaus-
tion of its sorption capacity. It should 
be noted that for the FCCA-STO and 
FCPS10 cartridge, the contact time of 
gray water with a polypropylene bed at 
the same fl ow will be different due to 
the twice the bed layer for the FCPS10 
cartridge.

Conclusions

The fi ltration of natural bath gray 
water through the cartridge fi lters did 
not show signifi cant improvement in the 
quality of the liquid. The fi lter cartridges 
used only contribute to the reduction of 
turbidity in the treated gray water. The 
remaining quality parameters after gray 
water fi ltration remained at a similar lev-
el to the initial values.

The carbon cartridge, which is a sorp-
tion fi lter, in the case of fi ltration of gray 
water, most likely acts as a fi lter for me-
chanical removal of pollutants. Its sorp-
tion capacity is exhausted very quickly. 
And the quality parameters of gray water 
are practically not improved.

The used fi lter cartridges for gray 
water treatment can be used as prelimi-
nary stages of purifi cation. However, the 
use of a carbon refi ll at this stage of pu-
rifi cation is not recommended due to the 
minimal effi ciency and, at the same time, 
unnecessary increase in the costs of po-
tential gray water treatment.

Decay and turbidity can be important 
parameters for a potential user of a gray 

FIGURE 2. Effectiveness of turbidity decomposition according to gray water fl ow fi ltration (own stud-
ies)
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water recycling plant. The values of these 
parameters obtained in the tests can be 
accepted by the user. Relatively low tur-
bidity (FCPS10 – 16 NTU, FCCA-STO 
– 27 NTU, FCCA – 35 NTU) and long 
time of decay (three days) give the pos-
sibility of their reuse in the household. 
However, it should be remembered that 
gray water from the bath is characterized 
by high variability. The obtained param-
eters from gray water fi ltration may be 
signifi cantly worse in bath gray water 
with a higher degree of biodegradability 
(higher BOD5, lower decay, higher tur-
bidity, etc.). Therefore, the fi ltration of 
gray water from the bath, even through 
a double stage fi lter cartridge, is not rec-
ommended as the only way to prepare 
them.
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Summary

Purpose of the housing double stage 
polypropylene-carbon cartridges fi lters 
usage in bath gray water treatment. Bath 
gray water organoleptically did not appear to 
be signifi cantly contaminated liquid. How-
ever, in order to re-use them, they need prop-
er treatment. When recirculated in a house-
hold, they cannot pose a threat to human life. 
Based on their appearance, it seems that the 
solution to the problem is the use of cart-
ridges fi lter. The article presents the results 
of the fi ltration of gray water from the bath 
through the fi ltration system with a housing 
double stage polypropylene-carbon fi lter 
FCCA-STO and to determine the impact of 
individual fi lter layers on wastewater treat-
ment, tests were carried out on a single 
polypropylene FCPS10 and carbon FCCA 
fi ltration cartridge. The aim of the study 
was to determine the suitability of the se-
lected housing fi lter cartridges for the treat-

ment of bathing gray water for their reuse. 
For the tests were used natural bathing gray 
water from a two-family building inhabited 
by seven people. Wastewater were fed to the 
fi lter with a constant fl ow rate of 0.1 dm3·s–1. 
The assessment of the work of the fi lters 
based on parameters such as: COD, BOD5, 
suspension, dry residue, decay and turbidity. 
The conducted tests have shown a slight im-
provement in most of the quality parameters 
of gray water after fi ltration through selected 
housing cartridge fi lters. Only for turbidity, 
the reduction in the value of the pollution in-
dicator was noticeable. The cartridge fi lters 
used in tests, acted like ordinary mechanical 
fi ltration cartridges. For the considered gray 
water, the use of analyzed cartridge fi lters can 
only be used for their initial purifi cation.
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