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ABSTRACT

Chemical characteristics and microbiological quality of filtered water generated from municipal water using mono-, di- and
penta-stage (5-stage) filters, as well as disposed drain water were investigated. With the application of the household water
penta filters, the total dissolved solids (TDS) of the filtered water were highly reduced (0.04—0.07 g/L) and, consequently, electri-
cal conductivity also decreased. Furthermore, total hardness was completely removed (0-2 mg CaCO,/L), as well as the chloride
content. In the same manner, the nitrate content in the filtered water resulted from the household water penta filters decreased
significantly (0.5-0.9 mg/L). Cations, such as Na* and K%, in the filtered water were greatly affected and were 18-28 and 2 mg/L,
respectively. Filtered water generated from the house-water penta filters was not in compliance with the daily amounts of F,
Na and K necessary for teenagers and kids, and it might cause a risk of deficiencies. From the microbiological point of view, the
penta-stage filter effectively removed total bacterial counts and total coliforms from water making it completely safe for potable
and other domestic uses. The home water mono- and di- filters had low effectiveness of contaminant removal.

Original scientific article
Open access

KEY WORDS:
House-water filters,
filtered water, chemical
and microbiological
quality, water safety

FUNDING: This study has been financially supported by Deanship of Scientific Research, Al-Qassim University, Al-Qassim, Saudi Arabia under grant
No. SR-D-009-023

ACKNOWLEDGEMENTS: The authors thank Deanship of Scientific Research, Al-Qassim University, Al-Qassim, Saudi Arabia, for financial support.

INoctynnna 13.09.2023

IToctynuia nocie peneHsupoBanus 23.03.2024
IIpunsara B neuats 26.03.2024

© Ammap A. C. M., Onb-3unn M. I, Anb-Typku A. 1., 2024

https://www.fsjour.com/jour
HayuHas ctaTbs
Open access

XUMUUYECKAS U MUKPOBHOJIOTUYECKAS OLIEHKA
®UJIBTPOBAHHOI BOJBI, TOJYUEHHON C IIOMOIIbIO
TJOMAIIHUX CUCTEM ®UNBTPAIIVU BOJbI
Ammap A. C. M. 9ib-3unan M. T.23) Anb-Typku A. 1.3

! CestbCKOXO03s1/ICTBEHHBII GakyabTeT, Kaupckuit Yuusepcutet, T'usa, Erumner
2 CenbCKOXO3SIICTBEHHBIN (haKkynbTeT, AIeKCAaHAPUIICKMIT YHUBepCcUTeT, Anekcauapusi, Erumner
> Kommemk cebCKOTO X03511ICTBA ¥ BeTepUMHAPHOI MeauuuHbl, YHuBepcurteT Kaccum, CaygoBckast ApaBust

KJIFOYEBBIE CJIOBA: AHHOTALIUA
domawiHue punempsl  TloBeIEHO MCCIeNOBaHMe XMMUIECKMX XapaKTePUCTUK M MUKPOOMOIOTMUECKMUX [TOKasaTeneil (GuabTPOBAHHOI BOMbI, I0O-
600bl, PUIBMPOBAHHAS JTYUEHHOIT 13 MYHUIUIIATbHOI BOIBI C MCIIOIb30BAHMEM OIHO-, IBYX- U MSTH-CTaIUITHBIX (QUIBTPOB, a TAKKe yoaIsieMOoit
800a, xumuteckoe CTOYHOI Bonpbl. [Ipy MpUMMeHeHU JOMALIHUX ISTU-CTaJUNHBIX GUIBTPOB, 00lee KOIMYEeCTBO PACTBOPEHHBIX B BOJE Be-
u mukpoouonozuueckoe miects (TDS) B puiabTpoBaHHOI Bome 6bUT0 CymecTBeHHO cHiskeHo (0,04-0,07 1/7) 1, cliefoBaTenbHo, Takke 6bIa CHISKEHA
Kauecmeo, 3/1eKTPONPOBOAHOCTh. Kpome Toro, o61ast skecTkoCTh 6b1a MONMHOCThIO yaaneHa (0-2 mr CaCO,/n), Takke Kak 1 copepska-
6e38pedHoCMb 8000l HIe XJIOPUIOB. AHAJOTMYHBIM 06pa3oM, COJlep’KaHMe HUTPATOB B (UIBTPOBAHHOI BOJe, MOTYUYEHHO! OT AOMAIIHUX IIsi-
TU-CTAOUIHBIX GUIBTPOB BO/bI, 3HAUUTENBHO yMeHbIIOCh (0,5-0,9 mr/m). Bosbioe BansHMe ObUIO OKa3aHO Ha KATMOHbI
B GMIBTPOBAHHOI BoJe, TakMe Kak Na* u K*, KoTopble 6b11M Ha ypoBHe 18-28 u 2 Mr//1, COOTBETCTBEHHO. PWIbTPOBAHHAS
BOJIA, TIOMyYeHHasl OT JOMAaLIHUX TSI TU-CTaAUIHBIX (QYIIBTPOB BOJbI, HE COOTBETCTBOBAJIA CYyTOUHBIM KoinmdectBaMm F, Na n K|
He06XOAMMBIM ITOIPOCTKAM U JI€TSIM, UTO MOSKET IPeICTaBIsITh PUCK Aeduumta. C MUKPOOMOIOTMYECKOH TOUKY 3peHNs [10-
MalllHye MATU-CTaguiiHble GUIbTPbI BoAbl 3((}EKTUBHO yaausii oblye KomudecTBa 6akrepuii M obuye KonmubopMbl 13
BOJIbI, UTO JI/IaJI0 €€ IOJIHOCThI0 6e301acHO ISl IUThS U APYTOro JOMAIIHEro MCII0Nb30BaHus. [JoMallHe OfHO- U IBYX-
craauiiHbie GUIBTPBI BOIBI MMeIU HU3KYIO 3(()eKTUBHOCTD yameHnsI KOHTAMUHAHTOB.

OUHAHCHPOBAHUE: [lanHOe uccieqoBanme 6b110 (GMHAHCOBO MOAIEPKAaHO AEeKaHATOM HAayUHbIX McCaemoBanmii, YauBepcuteTt Kaccum, dnb-Ka-
cuM, Caymosckast Apasusi, rpanT No. SR-D-009-023.

BJIATOJIAPHOCTH: ABTOpBI BbIpaskaloT 6J1arofapHOCTh AeKaHaTy HayIHbIX McerenoBanmit, Yauuepeutet Kaccum, dimb-Kacum, CaymoBckast ApaBus,
3a QMHAHCOBYIO TOIEPIKKY.

1. Introduction

Water, the source of life, is one of the main fuels for economic and
social development. Water is subject to different pollution sources, i. e.,
domestic, industrial and agricultural wastes, and becomes contaminated
with pollutants beyond safe limits for use by humans. The point-of-use

FOR CITATION: Ammar, A. S. M., El-Zeiny, M. G., Al-Turki, A. L, (2024).
Chemical and microbiological assessment of house-filtered water produced by
household water filtration systems. Food Systems, 7(1), 137-143. https://doi.
org/10.21323/2618-9771-2024-7-1-137-143

(POU) and point-of-entry (POE) filtration systems are commonly used
to remove or at least reduce the contaminants to safe levels. US-EPA [1]
defined POU as a filtration system connected to one tap or more taps to
treat water for human purposes (drinking and cooking), while POE are
devices fixed to the main water line to treat all water for a single house,

Ol HUTUPOBAHUS: Ammap, A. C. M., dnb-3unn, M. I., Anb-Typku, A. U.
(2024). Xumuueckast 1 MUKPOOMOJIOTMUYecKast olieHKa GuIbTPOBAHHOM BObI, IO~
JIYYE€HHOJi C TIOMOIIBIO JOMALTHUX CUCTeM GMIbTpaLMu BOLbL. [Tuujessle cucmemsl,
7(1), 137-143. https://doi.org/10.21323/2618-9771-2024-7-1-137-143
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hospital, restaurant and commercial building. Therefore, POU drinking
water treatment is rising quickly due to the high risk of exposure to vari-
ous contaminants in drinking water [2]. Household water filtration sys-
tems have recently been used in many houses to enhance the potable
water quality [3]. Home water filters have become a new market that has
been discovered by manufacturers to improve drinking water quality and
remove contaminants from water [4]. Asia is expected to be the largest
market for POU devices in the coming decades, followed by the United
States and Canada, then by Europe [5]. The performance of POU activated
carbon block filters in removing Pb contents was tested by Bosscher et al.
[6]. They found that activated carbon filters were very effective in remov-
ing soluble Pb from tap water. It is reported that home water purification
systems significantly decreased the fluoride concentration in purified wa-
ter, which became as low as zero in some cases [7].

The main physicochemical characteristics affecting contaminant re-
moval from water using filtration systems can be summarized as follows
[8,9,10]: pore size, presence of surface charges (molecular charges and/
or membrane charges), particle size and surface area, adsorption affinity,
differences in concentrations (ionic strength), pressure, water tempera-
ture, water pH and osmotic pressure.

Household filtration systems have proved to separate a lot of pollut-
ants [11]. Due to its ability to absorb a variety of contaminants found in
water, activated carbon is a material that is frequently used in water fil-
tration systems [12,13]. Activated carbon is a multifunctional porous ad-
sorbent material (hydrophobic and lipophilic) and has a large surface area
and adsorption affinity where contaminants are attracted and attached to
the particle surface by Van der Waals forces and /or chemical adsorption.
There are two types of activated carbon: granulated activated carbon and
block activated carbon. Block carbon has smaller particles and smaller
pore size than granular activated carbon [10]. The mean particle size of
the commercial powdered activated carbon adsorbent ranges between 1
and 150 pm and surface area ranges from 736 to 2869 m?/g. Although
trace organic and inorganic pollutants are adsorbed to the pores and sur-
faces of the activated carbon [9], limited numbers of contaminants will
be eliminated. A reverse osmosis (RO) filter contains the semipermeable
membrane between two phases. lons and biomolecules can be separated
from water through the semipermeable membrane using higher external
pressure than the osmotic pressure; water is forced to move against the
osmosis phenomenon [10].

The general public is aware of the fact that drinking water safety and
quality remain to be a major public health concern [14]. Thus, household
water filtration systems are commonly used in rural and urban regions in
Saudi Arabia for ensuring water safety and quality. Although there are lo-
cal and international organizations (i. e. NSF International) that develop
public health standards for products, filters have no strict scientific evi-
dence for continuous use, effectiveness, positive health effects, and nega-
tive impacts. Also, all cations and anions, regardless of whether they are
beneficial or harmful, are removed from water treatment devices due to
the absence of a selective removal system [15]. Research on how domestic
house water filters affect the quality of water is currently lacking. There-
fore, the objectives of this study were to determine the physical (i. e., total
dissolved solids, electrical conductivity), chemical (i. e., total hardness,

v

Figure 1. House water mono, di and penta filters
used in the experiments
PucyHok 1. lomanrHue OgHO-, ABYX- M HNSATU-CTaAUITHbIe GUIbTPBI
IS BOABI, ICIIOIb30BaHHbIE B 9KCIIEPUMEHTax

chlorides, anions, cations) and microbiological (i. e., total count, total co-
liforms, fecal coliforms, mold and yeast) properties of filtered water ob-
tained from house water filters (mono-, di- and penta-filter systems) as
well as chemical and physical properties of drain water.

2. Materials and methods

2.1. Plan of the study

A model of a water purification system was designed at a pilot scale
to resemble a household system. Domestic household water purification
systems included mono (1 stage), di (2 stages) and penta (5 stages) filters
with the inlet connected to city tap water and the outlet connected to
500-liter capacity polypropylene tanks. Filters and tanks were purchased
from Buraidah, KSA local markets (Figure 1 and Figure 2).

2.2. Filter specifications
House water filters used in this study included:

a- Mono-filter containing one stage of high efficiency polypropylene
(pp) filter. A polypropylene filter is capable of filtering down to five
microns (i. e. silt, scales, sediments, coarse and fine sands),

b- Di-filter comprising of two-stages: the pp sediment filter and the sec-
ond-stage carbon block filter (reduces cloudiness, volatile organic car-
bons, Cl,, organics, off-odors and unusual tastes)
and

c— Penta-filtration system (5-stage filter) containing three pre-filters
(pp, carbon block and granular activated carbon filters) to remove
large contaminants and protect reverse osmosis (RO) membrane, the
RO-filter to remove contaminants, metals and salts, and in the last
stage, there is the fine granular activated carbon (GAC) filter to pro-
vide final polishing to the purified water.

All solvents and chemicals used in analysis were of analytical grade
and purchased from Sigma-Aldrich (Missouri, USA). Microbiological me-
dia (SPC, VRB-MUG and PDA) were bought from Biolife (Milan, Italy).

2.3. Sampling

Water samples were collected according to the WHO recommenda-
tions and the Standard Methods for the Examination of Water and Waste-
water as reported by APHA, AWWA and WPCF [16]. Filtered water samples
were collected in sterile two-liter glass bottles. All sample bottles were
kept refrigerated (4 °C) during transport to the lab inside an insulated ice
box. Microbiological samples were withdrawn under sterilized conditions
and the rest of the samples were kept for physical and chemical analyses.
Microbiological analyses were done at the same day of sampling, while
chemical analyses were performed within 24 h of sampling.

To simulate the practical uses in a household, samples were withdrawn
from water purification filters (mono, di and penta) immediately after fil-
tration (A-F) in a quantity of 100, 200, 300, 400 and 500 liters in sterile
bottles and kept under refrigeration (4 °C) until microbiological analysis
within 24 hrs. Control samples were withdrawn directly from tap water
without filtration. Duplicated samples were withdrawn as mentioned pre-
viously and refrigerated (4 °C/24 h) for chemical analyses. Samples were
taken from the drain line of the penta-filter (this line runs from the outlet
end of the RO membrane to the drain and is used to discharge contami-
nants and impurities found in the incoming water source).

il

Figure 2. House water penta filter used in the experiments
PucyHOK 2. loMauIHuii ISTU-CTagUiTHbIA GMIbTP, MCIIOIb30BaHHbIN
B 3KCIIEPUMEHTaxX
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2.4. Analysis
Chemical tests were carried out according to the Standard Methods for

the Examination of Water and Wastewater [16] as follows:

0O Total dissolved solids (TDS) and electrical conductivity (EC) were de-
termined using a conductivity/TDS meter (TDS meter, Model 76, Engi-
neered systems and Designs, USA).

0 Total hardness (Ca + Mg) was determined using titration with ethylene
diamine tetra acetic acid disodium (Na, EDTA) in the presence of erio-
chrome black T as an indicator.

O Chloride determination was done by titration with 0.0141 N silver ni-
trate in the presence of potassium chromate as an indicator.

O Nitrates were determined by a spectrophotometer (Jenway, USA) us-
ing NED dihydrochloride N-(1-naphthyl)-ethylenediamine dihydro-
chloride.

O Fluorides were determined colorimetrically by using the SPADNS
method (4,5 dihydroxy-3-(p-sulfophenylazo)-2,7-naphthalenedisul-
fonic acid trisodium salt).

O Sodium and potassium were determined using an atomic absorption
spectrophotometer (AAS) (Shimadzu 6800, Japan). Required standards
of Na and K were prepared daily by appropriate dilution of the stock
solution.

Microbiological analyses included total bacterial counts (filtration
method, ISO 6222:1999) [17] using the Aerobic Standard Plate Count
Agar medium and incubation at 37%1°C for 24h. The membrane filtra-
tion method was used to determine the total coliform group using the
VRB-MUG medium (incubation at 37+ 1 °C for 24h) and fecal coliform ac-
cording to ISO 9308-1 [18] using the VRB-MUG medium (incubation at
44+1°C for 24h), and yeast and mold counts [19] using the Potato Dex-
trose Agar medium and incubation at 25+1°C for 72 h.

2.5. Statistical analyses
Data were statistically analyzed using one-way analysis of variance,
ANOVA [20].

3. Results and discussion

In the present study, physical, chemical and microbiological charac-
teristics of the filtered water resulted from the household water filters
(either mono, di or penta filters) were determined to evaluate its suit-
ability for potable and industrial uses. Fresh filtered water should not
contain health hazards, such as pathogens, toxic chemicals and carcino-
genic compounds, during its direct consumption as drinking water or as
industrial use.

3.1. Physical properties of the filtered water

Physical characteristics of the filtered water, i. e. total dissolved solids
(TDS) and electrical conductivity (EC), were determined as presented in
Figure 3 and Figure 4.

The results shown in Figure 3 indicate that physical characteristics
of the filtered water varied according to the house water filter type used
to produce the filtered water. The TDS values of raw water samples
(control) ranged between 1.42 and 1.49 g/L. The TDS of the filtered wa-
ter slightly decreased due to treatment processes via house water mono
and di filters. The TDS values of the filtered water resulted from the

TDS
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Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.

Figure 3. Effect of the home water filters on TDS (g/L)

in the filtered water
PucyHOK 3. BnusitHne somMamrHux ¢GpwibTpoB Ajist Bogbl Ha TDS (r/1)
B GWIBTPOBaHHOII Boe

A-F 500 L

Control

house water mono filters ranged from 1.27 to 1.49 g/L. Likewise the TDS
values of the filtered water obtained from the house water di filters were
between 1.30 and 1.48 g/L. Using the house water penta filters highly
reduced TDS of the filtered water. The TDS levels ranged between 0.04
and 0.07 g/L. Thus, using the house water penta filter had a significant
(P < 0.05) positive effect on TDS values in the filtered water. Recently,
Khanal et al. [21] reported that only RO-UV led to a significant reduc-
tion of TDS levels resulting in the average and maximum removal rates
of 73.8 and 97.8%, respectively. The obtained TDS values of the filtered
water were within the allowed limits (1000 mg/L) required by the Egyp-
tian Standards [22].

The results presented in Figure 4 show the electrical conductiv-
ity values of the filtered water. The EC values of the filtered water re-
sulted from the house water mono or di filters were slightly affected
(812.8-972.2 mmhos/cm) compared to the control water samples
(908.8-953.6 mmhos/cm). On the other hand, the EC values highly de-
creased in the filtered water obtained from the house water penta filters
(25.6-44.8 mmhos/cm). EC is a measure of the anions and cations pres-
ent in water samples, the conductivity increases with an increase in the
ion content [23]. EC values significantly (P < 0.05) and highly decreased
in the filtered water obtained from the house water penta filters. The
EC values are in agreement with those found by Al-Oud et al. [24] and
Krélak et al. [3].

3.2. Chemical characteristics of the filtered water
Chemical characteristics of the filtered water i. e., total hardness, ni-
trates, chlorides, cations, and anions were determined.

3.2.1. Effect of the home water filters on total hardness (TH) and total
chlorides

The results presented in Figure 5 show water hardness values in the
filtered water obtained from the house water filters. Total hardness of
the filtered water was slightly affected by using the house water mono or
di filters (213-233 mg CaCO,/L) compared to the water control samples
(233 mg CaCO,/L). Total hardness was completely removed in the filtered
water resulted from the house water penta filters (0-2 mg CaCO,/L). The
sources of TH in water are dissolved ions from rocks, seepage, and runoff
from soils [23]. It is of interest to report that there were significant differ-
ences (p < 0.05) between TH values in the filtered water resulted from the
penta filters and mono and di filters. These results are in agreement with
those obtained by Jaafari-Ashkavandi and Kheirmand [25] and Krélak et
al. [3]. Generally, TH of the filtered water withdrawn from different types
of the house water filters was within the permissible limits (500 mg/l)
required by Egyptian Standards [22].

It can be noticed from the results in Figure 6 that the chloride content
of the filtered water obtained from the house water mono or di filters
ranged from 186.9 to 207.4 mg/L. The chloride content of the filtered wa-
ter resulted from the house water penta filters was completely removed.
Using the house water penta filter had a significant (P < 0.05) positive ef-
fect on the chloride content in the filtered water (Figure 6). These results
are in agreement with those reported by Krélak et al. [3].

The obtained chloride content of the filtered water was found to be with-
in the permissible limits (250 mg/L) required by Egyptian Standards [22].

EC
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Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 4. Effect of the home water filters on EC (mmhos/cm)
in the filtered water
PucyHoK 4. Bnusinue nomamHux GpwibTPoB AJIs1 BOObI HA
3JIEKTPONPOBOAHOCTH (MKO/cM) B GM/IBTPOBAHHOI BOoAe

A-F 500 L

Control
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Figure 5. Effect of the home water filters on total hardness
(mg CaCO,/L) in the filtered water
PucyHOK 5. Bnussaue nomamHux ¢GuiabTpoB IJist BOABI HAa OGLIYIO )KECTKOCTh
(mr CaCO,/m) B GuIbTPOBaHHOIT Bozie

A-F 500 L

3.2.2. Effect of the home water filters on anions and cations

It can be noticed from Figure 7 that the nitrate content of the filtered
water resulted from the house water mono filter ranged from 1.20 to
1.80 mg/L. The nitrate content slightly decreased in the filtered water
after using the house water mono filter compared to the control samples.
Also, the house water di filter did not affect the nitrate content of the
produced water (Figure 7). The nitrate content of the filtered water re-
sulted from the house water penta filters (Figure 7) was significantly (P <
0.05) and highly reduced (0.5-0.9 mg/L) compared to the control water
samples (2.2 mg/L). Reverse osmosis is a physicochemical process that is
highly practical for removing nitrate [15]. These results are in agreement
with those reported by Krélak et al. [3]. JECFA [26] and Commission Regu-
lation [27] established the Acceptable Daily Intake of NO, ranged from
0 to 3.7 mg/kg body weight. The recorded values of nitrates were within
the allowed and recommended levels according to Egyptian standards
(45 mg/L) [22] and WHO guidelines (50 mg/L) [28] indicating relevant
safety of such water as reported by Al-Redhaiman and Abdel Magid [29].

The fluoride content in the filtered water obtained from the house wa-
ter filters is shown in Figure 8. The fluoride content in the filtered water
obtained from the house water mono filters was found to be similar to
its level in the control water samples (0.18 and 0.23 mg/L). Likewise, the
house water di filters did not affect the fluoride content in the filtered wa-
ter (0.21-0.25 mg/L). On the contrary, the fluoride content in the filtered
water produced using the house water penta filters was highly affected
(0.04-0.08 mg/L) compared to the control water samples (0.23 mg/L). Us-
ing the house water penta filter had a significant (P < 0.05) negative ef-
fect on the fluoride content in the filtered water. Also, Jaafari-Ashkavandi

NITRATES
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A-F 100 L A-F 200 L A-F 300 L A-F 400 L
Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 7. Effect of the home water filters on the nitrate
content (ppm) in the filtered water
PucyHOK 7. Binsinue goMmamrHux GUIbTPOB IJ1s1 BOJBI HA COAEpsKaHme
HUTPATOB (Ppm) B GMIBTPOBAHHOI Bo#e
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Figure 6. Effect of the home water filters on the total chloride
content (mg CI/L) in the filtered water
PucyHOK 6. BinsiHue nomanrHux GuiabTpoB I BOABI HA COAepsKaHue
o6mux xnaopunos (mr Cl/n) B uabTpoBaHHOI Bome

A-F 500 L

and Kheirmand [25] and Eftekhar et al. [7] reported that the filtration of
water using home water purification systems significantly decreased its
fluoride content. These recorded results are lower than those required by
Egyptian Standards (0.8 mg/L) [22] and the WHO guidelines (1.5 mg/L)
[28] for drinking water.

Generally, water contains different types of cations, i. e. Ca, Mg, Na
and K, in varying amounts [30]. Among the salts that are crucial to the
flavor of water are sodium and potassium [15]. The results in Figures 9
and 10 show the content of cations Na* and K*, respectively, in the filtered
water as affected by using the household water filters. It can be concluded
that using the house water mono or di filters led to the slightly decreased
cation contents. On the contrary, cations, i. e. the Na* and K* contents, in
the filtered water were greatly affected by using the house water penta
filter. The Na*" and K* contents were 18-28 and 2 mg/L, respectively, in the
filtered water generated from the house water penta filter. Thus, using
the house water penta filter had a significant (P < 0.05) negative effect
on the Na* and K* contents in the filtered water. The obtained Na values
of the filtered water were within the allowed limits required by the Egyp-
tian Standards (200 mg/L) [22] and the WHO guidelines (50 mg/L) [28] for
drinking water.

3.2.3. Physical and chemical characteristics of drain water resulted from
the home water penta filters
Drain water runs from the outlet end of the RO membrane hosing to
the sewer system. It contains salts, contaminants and impurities found
in the incoming water source. Drain water resulted from the house water
penta filters was physically and chemically evaluated (Table 1). Drain wa-

fluorides

B MONO FILTER  m DIFILTER m PENTA FILTER

Control

A-F100L A-F200L A-F300L A-F400L
Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 8. Effect of the home water filters on the fluoride
content (ppm) in the filtered water
PucyHoOK 8. Bausinue goMmamHux GUIbTPOB AJ1s1 BOJbI Ha COAEpIKaHue
¢TopunoB (ppm) B GMIbTPOBAHHOI BOAe

A-F500L
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SODIUM

B MONOFILTER mDIFILTER mPENTAFILTER
300
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200 b b b
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Control A-F100L A-F200L A-F300L A-F400L A-F500L

Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 9. Effect of the home water filters on the sodium
content (ppm) in the filtered water
PucyHoK 9. BausiHue soMamHux GWILTPOB AJ151 BOJABI Ha COAepIKaHue
HaTpus (ppm) B GuabTpOBaHHOI Boje

ter disposed from the house water penta filter ranged from 15 to 18 liters
per 100 liters from incoming water. Drain water became hard water,
which had total hardness ranged between 330 and 332 mg CaCO,/L. Fur-
thermore, it contained the high chloride concentration being 349 mg/L.
Also, TDS increased in drain water (1.98 g/L) compared to the control
water samples (1.49 g/L). Likewise, drain water had higher EC values
(1267.2 mmhos/cm) than those reported in the control water samples.

Table 1. Physical and chemical characteristics of drain water
resulted from the home water penta filters
Tabnuua 1. ®usuyeckne ¥ XMMIUYECcKue XapakKTePUCTUKM CTOYHO BOIbI,
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POTASSIUM

B MONOFILTER  mDIFILTER m PENTA FILTER

ppm
o - N w D (9,1 (o)} ~ [o] (o}

Control A-F100L A-F200L A-F300L A-F400L A-F500L

Different letters indicate significant differences (P < 0.05).
A-F=After Filtration.
Figure 10. Effect of the home water filters on the potassium
content (ppm) in the filtered water
Pucynok 10. Bimsiaue nomamHux GpuabTpoB i BOABI HA COJepyRaHue
Kaysms (ppm) B duabTpoBaHHOI Boje

Table 2. Effect of the home water mono filters on total counts,
coliform, fecal coliform and yeast and mold counts (CFU/ml)
in the filtered water
Tabnuia 2. BausiHue JOMAIIHNX OFHO-CTaAUITHbIX GUIBTPOB
Ha o0lIMe KOIMYeCcTBa, KOIMYecTBa KoIM(popMHbBIX GaKkTepuii,
dekanbHbIX KOMGOPMHBIX GaKTepmii, Aposokeit u mieceneit (KOE/mir)
B hmisTpOBaHHOI BOne

Sample  Totalcounts eofifiims coliforms  mold

Control 3.0x10¢ 2.8x10¢ Nil Nil
A-F100L 4.7x10° 7.9 10% Nil Nil
A-F200L 3.0x10° 2.1x10° Nil Nil
A-F300L 2.8x10* 3.0x 10° Nil Nil
A-F400L 2.9 10* 8.4x 102 Nil Nil
A-F500L 2.8 10* 7.7x10? Nil Nil

A-F=After Filtration.

MOJTyYeHHOM OT JOMaIHUX MSATU-CTaAUITHbIX PUIBTPOB
Sample Drain TH clr TDS EC
water/100L. (mg CaCO,/L) (ppm) (g/L) (mmhos/cm)
A-F100L 18 330 349.8 1.98 1267.2
A-F200L 18 332 349 1.98 1267.2
A-F300L 15 331 349 1.98 1267.2
A-F400 L 15 330 349.5 1.98 1267.2
A-F500L 15 330 349.5 1.98 1267.2

A-F=After Filtration.

3.3. Microbiological characteristics of the filtered water

3.3.3. Effect of the home water filters on total counts, coliform, fecal

coliform and yeast and mold counts

It is very clear that the microbiological examination of water is greatly
important to assure its safety for potable and /or industrial uses. There-
fore, the filtered water obtained from the house water filters was micro-
biologically examined for its total bacterial counts, total coliform, fecal
coliform and yeast and mold counts in water samples withdrawn from
different types of house water filters. The obtained results are presented
in Tables 2, 3 and 4, which show that the filtered water resulted from all
studied house water filters was completely free from yeast, molds and fe-
cal coliforms. Total bacterial counts (at 37 °C) ranged between 3.0 x 10* and
2.9%10% 9.3 x10% and 3.3x 10* CFU/ml in the filtered water resulted from
the home water mono filters and di filters, respectively. Total coliforms
ranged from 7.7x10? to 3.0x10° and 3.8x10?* to 8.4x10°> CFU/ml in the
filtered water resulted from the home water mono filters and di filters,
respectively. It can be concluded that total bacterial counts and total coli-
forms were slightly affected by using the home water mono filters and di
filters. The results in Table 4 indicate that the house water penta filters

Table 3. Effect of the home water di filters on total counts,
coliform, fecal coliform and yeast and mold counts (CFU/ml)
in the filtered water
Ta6nuuia 3. BiussHue JOManIHUX SBYX-CTaAUIHbIX GUIbTPOB
Ha o6uIMe KO/IMYeCTBa, KOMMYecTBa KonmbOpMHBIX GakTepuii,
deranbHBIX KOMM(OPMHBIX GaKTepuii, Aposkskeii u mieceHeit (KOE/mir)
B GMIBTPOBAHHOI BoAe

Sample Total counts co'lI;(f)(t)?:ns cofi?g?}ns Yefarf;l?lnd
Control 3.4x10* 2.5x10* Nil Nil
A-F100L 3.3x 10" 8.4x10° Nil Nil
A-F200L 5.3x10° 8.2x10° Nil Nil
A-F300L 1.8x10° 3.8x10% Nil Nil
A-F400L 1.8x10° 8.4x10* Nil Nil
A-F500L 9.3x10? 7.0% 10 Nil Nil

A-F = After Filtration.

Table 4. Effect of the home water penta filters on total counts,
coliform, fecal coliform and yeast and mold counts (CFU/ml)
in the filtered water
Ta6nuua 4. BiMsHue JOMalIHUX MATU-CTAAUAHBIX GUIBTPOB
Ha o0lIMe KOIMYeCTBa, KOIMYeCTBa KOIM(POPMHBIX GaKkTepuii,
deranmbHbIX KOMMPOPMHBIX GaKTepuii, APoskskeii u mieceHeit (KOE/mir)
B GUIBTPOBAHHOI Boze

totally removed the bacterial population, including total counts and total Total Fecal Yeast and
coliforms, from the produced water making it completely safe for potable Sample Total counts coliforms coliforms mold
and other uses. Consequently, to assure continuous safety of such water, Control 3.4x10* 2.5%x10* Nil Nil
house water penta filters should be used. The most effective method for A-F100L Nil Nil Nil Nil
improving water qgahty parameters is the Teverse 0smosis membrane pu- A-F200L Nil Nil Nil Nil
rification system with five-stage filter media [31]. Generally, total bacterial AF300L Nil Nil Nil Nil
counts and total coliforms in filtered water produced from the home water

mono and di filters were higher than the allowed levels required by the A-F400L Nil Nil Nil Nil
Egyptian Standards (50 and 0 CFU/100 ml, respectively) [22], and the WHO A-F500L Nil Nil Nil Nil
guidelines [28] (0 CFU/100 ml) for total coliforms and fecal coliforms. A-F=After Filtration.
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4. Conclusions

It can be concluded from the above-mentioned results that the penta
filter used in the present study showed good purification capability of
removing TDS, EC, TH, chlorides, nitrates, total bacterial counts and
coliforms from water. On the contrary, the home water mono and di
filters exhibited low effectiveness of contaminant removal. Therefore,
consumers who primarily drink filtered water resulted from home
water penta filters minimize risk of exposure to nitrates, heavy met-
als and microorganisms due to the presence of reverse osmosis, which
has proven to be the most valid and effective technique to eliminate

almost all contaminants. On the other hand, although this device has
benefits in many cases, filtered water generated from those filters may
pose an increased risk of deficiencies in F, Na, K and Mg for people.
These elements are very important for the human body and their levels
in filtered water can be lower than permissible limits set by local and
international standards. Therefore, people should consume them from
other food sources or use re-mineralization techniques to increase the
nutrient content of filtered water. Drain water disposed from the house
water penta filter contained high concentrations of contaminants and it
needs further studies.
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