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The concentration of total iron is one of the main physicochemical indicators of the safety and
quality of tap water. The standard amount of the concentration of common iron in tap water is not
more than 0.2 mg/dm?. In some cases, due to specific natural conditions and technology for drinking
water preparation/treatment, this number may be increased to 1.0 mg/dm®. Excess iron concentration
in the water adversely affects the skin, blood composition, etc. Prolonged consumption of water with
high iron concentration leads to liver disease, causes allergic reactions, etc. The analysis of
groundwater quality in the territory of the Lviv region shows the increased total iron concentration in
water of some water intakes. However, even relatively normal spring water quality and satisfactory
operation of pipe water treatment plants, cannot prevent it from secondary pollution in the
distribution networks of the water supply system. The Residents of Ukraine use household filters for
additional purification of drinking water, including cartridge type. The purpose of the study was to
compare the effectiveness of the iron removal from drinking water with household filters of the brands
Nasha Voda (Ukraine), BRITA (Germany) and Aquafor (Russia). An experimental research of the
filters was performed to determine the dependence of the iron concentration in the filtrate on the
volume of the filtered model solution. During the preparation of the model solution, water was used
from the water supply system of the city of Lviv, selected in the area of S. Bandera street with a
starting iron concentration amount of 0.02-0.3 mg/dm?®. After being passed through 15, 15 and 2.5 dm®
of the filtrate, for the filters Nasha Voda, BRITA and Aquafor respectively in the beginning of the
experiment, the concentration of iron in the filtrate decreased and reached the normative value of
0.2 mg/dm?. The filtrate volumes passed through Our Water, Nasha Voda, BRITA and Aquafor filters
were 210, 350 and 80 dm? respectively. The slow filtration rate of the water through the Aquafor filter
made it impossible to carry out the experiment after filtering 80 dm® of the model solution. Tested
filters have shown positive results in reducing the total iron concentration in water. However, it is
recommended to apply the known methods of ironing on water treatment plants of settlements for iron
removal from drinking water, particularly from tap water.
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Introduction

The normal functioning of the human body is highly dependent on the stability of its chemical
composition. Fluctuations in the amount content of chemical elements in the body, whether excessive or
insufficient, leads to a number of diseases. Chemical elements enter the human body mainly with plant
and animal food and drinking water (Borzunova, Kuzmin & Akramov, 2007; Ivanov, Tafeyeva &
Davletova, 2012; Mokiienko, 2015; Omarova, Tussupova, & Berndtsson, 2017; Shovkun & Shovkun,
2018; Stepanenkov, 2015; Volkova & Kushniruk, 2012).

The role of water in human life is extremely important. Water is the most important component of
all cells, the basis of intercellular fluid, plasma and lymph; it is about 65-70 % of the body weight. In
cells, water is a solvent of inorganic and organic compounds, a participant of many chemical reactions
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that occur in aqueous solutions. Daily rate amount of water consumption consumed by a person is
2.5-3.0 dm®. Depending on the environmental conditions, this rate amount may vary.

The concentration of total iron is one of the main physicochemical indicators of the safety and
quality of tap water (Prokopov, 2012).

The standard value of the concentration of total iron in tap water is not more than 0.2 mg/dm®. In
some cases, due to specific natural conditions and technology drinking water preparation, this index may
be increased to 1.0 mg/dm®.

Water containing iron in large quantities has a yellowish-brown color, increased turbidity, a
ferruginous taste, and the like. Water with an iron concentration of more than 0.3 mg/dm® causes the
formation of rusty stains on plumbing fixtures, capable of changing the fabric color during washing, etc.

With significant concentrations of this element in water, a characteristic metallic taste occurs,
which negatively affects the quality of the beverages (tea, coffee, etc.). In some cases, the taste and
quality of foods cooked on high-iron water may be impaired.

Excess iron concentration in water adversely affects the skin, blood composition and the like.
Prolonged consumption of water with high iron concentration leads to liver disease, causes allergic
reactions, etc.

Analysis of recent researches and publications

The analysis of groundwater quality in the territory of Lviv region shows the increased content of
total iron in the water of some water intakes. According to the KP “Chervonogradvodokanal”, the water
intake of the Chervonograd groundwater field does not meet the requirements DSanPiN 2.2.4-171-10
“Hygiene requirements to drinking water intended for human consumption” for iron concentration.
During September-October 2010 amount of iron was as follows: Bendyuz water intake -
0.32-0.60 mg/dm?; Pravdynskiy water intake — <0.05-0.56 mg/dm?® Mezhyrychanskiy water intake —
0.24-0.40 mg/dm?®. Sometimes this concentration reaches more than 1 mg/dm?® which causes human
complaints (Stavytskyi, Rudko & Yakovlev, 2011).

However, even relatively normal spring water quality and satisfactory operation of pipe water
treatment plants cannot prevent it from secondary pollution in the distribution networks of the water
supply system (Matsiyevska, 2013; Matsiyevska, 2015; Mika, Sekuta, & Dendys, 2018; Ponomarenko &
Korshun, 2014; Safranov, Polishchuk & Yurchenko, 2016; Zorina, 2018).

Recently, the residents of Ukraine has been using various household filters, for additional
purification of drinking water, including cartridge type. Filters of different productions are presented on
the Ukrainian market (Matsiyevska, Dolinska & Shevchuk, 2009). They all have the following
advantages over other water treatment systems:

— no connection to the water supply;

— compactness. They can be used both in the city apartment and in the country;

— versatility. Depending on the type of replacement cartridge, tap water can be effectively
softened, de-ironed, removes organic and chlorine derivatives, radionuclides, dioxins, etc.;

— easy maintenance and easy replacement of the cartridge.

The most popular filters in Ukraine are those with replaceable cartridges Nasha Voda (Ukraine),
BRITA (Germany), Aquafor (Russia).

The manufacturers of household filters in their passports indicate the filter source and the degree of
water purification for some pollutants, such as chlorine derivatives, phenols, heavy metals, etc. However,
manufacturers often do not report the effectiveness of the removal of these contaminants over time.
Therefore, it is important to compare the efficiency of iron removal from drinking water with household
filters of different production.
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Target of this article

The purpose of the study was to compare the effectiveness of the iron removal from drinking water
with household filters-jug brands Nasha VVoda (Ukraine), BRITA (Germany) and Akvafor (Russia).

Techniques used

Fig. 1 shows the appearance of household filters with replaceable cartridges of the brands Nasha
Voda (Ukraine), BRITA (Germany) and Aquafor (Russia).
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Fig. 1. Appearance of filter jars with removable branded cartridges:
a — Nasha Voda (Ukraine); b — BRITA (Germany); ¢ — Aquafor (Russia)

According to the manufacturer data, the filters produced by Nasha Voda use a replaceable cartridge
ECOSOFT KSP MINI. Water purification technology is as follows:

— activated carbon from the coconut shell with the addition of a silver-containing component
removes chlorine, organochlorine compounds, and also prevents the reproduction of microorganisms
(Fig. 2a);

— the ion exchange resin reduces the mineralization and therefore the hardness of the water. At
this stage, heavy and non-ferrous metals and radionuclides are also removed from the water (Fig. 2a);

— polymeric sorption material removes organic compounds, aluminum and residual iron;

— highly efficient activated carbon with a special porous structure removes natural organic
compounds, improves the taste, smell and color of purified water;

— porous polypropylene fiber removes mechanical impurities.

The life of the cartridge is no more than 3 months, regardless the volume of purified water.
Resource cartridge — up to 400 dm®.

BRITA Maxtra filter jug cartridge is BRITA's latest know-how in Germany. Water purification
system in BRITA Maxtra cartridge — goes through 4 stages:

— intensive pre-filtration through a fine mesh makes it possible to retain large mechanical
impurities;

— ion-exchange resin in H-form softens water, removes aluminum, heavy metals (including
copper, lead, etc.) (Fig. 2b);

— activated carbon retains chlorine compounds and other organic impurities, while impregnated
silver adds bactericidal properties to the filter (Fig. 2b);

— intensive final filtration through a special fine mesh to remove large impurities.

The cartridge provides flow rate control. Resource cartridge is up to 250 dm®.

The cartridge for the Aquafor filter consists of granular and fibrous sorbents (coconut activated
carbon, ion exchange resin and Aqualen fibers) (Fig. 2c). It should be noted that only Aquafor filters use
unique Aqualen fibers, they are designed specially for drinking water treatment and patented in both
Russia and the USA. Due to the high hydrophilic properties of the Aqualen fibers, the water flow is
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uniformly distributed in the dense sorption layer of the cartridge, eliminating the “channel” effects (water
flow bypassing the sorbent), providing efficient water purification. The replaceable B100-5 cartridge
reliably and permanently retains organic compounds, heavy metals and other harmful impurities and
eliminates excessive water hardness. Hardness salts are removed by ion exchange in ion exchange resin
granules. Calcium and magnesium cations are delayed and safe sodium and hydrogen cations enter the
water. The content of ion exchange resin in the cartridge is adjusted so that the pH of the drinking water
does not change significantly. In order to prevent bacterial development, a modification of Aqualen fiber
containing silver fixed in the sorbent matrix is used. Cartridge usually lasts about 2 months in a family of
three. Resource cartridge — is 300 dm°.

Fig. 2. Filtration loading of cartridges for filters Nasha Voda («); BRITA (b); Aquafor (c):
1 — activated carbon; 2 — ion exchange resin; 3 — Aqualen fibers

An experimental research of the filters was performed to determine the dependence of the iron
concentration in the filtrate on the volume of the filtered model solution. During the preparation of the
model solution, water was used from the water supply system of the city of Lviv, selected in the area of
the S. Bandera street with a starting iron amount of 0.02-0.3 mg/dm?®. The concentration of iron in the
model solution was 1 mg/dm®.

During the experiment, 1 dm® of the model solution was poured into the receiving funnel of the
filter jug. Flowing through the filter cartridge loading, water went into the tank to collect the filtrate. The
concentration of total iron was determined in the filtrate by a GOST 4011-72 “Drinking water. Methods
for determination of total iron”.

After being passed through 15, 15 and 2.5 dm® of the filtrate, for the filters Nasha Voda, BRITA
and Aquafor respectively in the beginning of the experiment, the concentration of iron in the filtrate
decreased and reached the normative value of 0.2 mg/dm?® (Fig. 3).

The filtrate volume passed through Nasha Voda, BRITA and Aquafor filters was 210, 350 and
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80 dm? respectively. The slow filtration rate of the water through filters produced by Aquafor made it
impossible to carry out the experiment after filtering 80 dm® of the model solution. The operation of the
filters was examined in a continuous mode. Before continuing the operation of the filters, their cartridges
had been washed, which may explain the fluctuations in the iron concentration (above the regulatory
value) in the filtrate during the filter cycle.
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Fig. 3. Dependence of the iron content of the filtrate on the volume of the filtered model solution
through the Nasha Voda filter (a), BRITA (b) and Aquafor (c)
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Conclusions

1. The investigated filters of the brands Nasha Voda (Ukraine), BRITA (Germany) and Aquafor
(Russia) showed positive results in reducing the concentration of total iron in water.

2. However, the use of known methods of de-ironing on water treatment plants of inhabited
localities should be used for the iron removal from drinking water particularly tap water.
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HanionansHuii yHiBepcuteT “JIbBiBChbKa MOJITEXHIKA”,
kadeapa riAPOTEXHIKK Ta BOAHOT iH)KeHEPil

MOJEJIOBAHHS COHAYHUX TEIUIOHAJXO/JXKEHb BIJI CACTEM IIPOPOJIHOT'O
OCBITJIEHHS CKJIAJTHOI TEOMETPII

O Mayiescvka O. O., Kaumap I. 3, Kanimyna B. B., 2020

3Ha4yeHHSA KOHIIGHTpalii 3arajJbHOTO 3aji3a — OJHE 3 TOJIOBHHX ()i3MKO-XIMIYHMX IOKa3HHKIB
0e3MevYHOCTi Ta SKOCTI BOAOMPOBiIHOI Boau. HopMaTuBHE 3HAYeHHs KOHIIGHTpAIlii 3arajbHOrO 3ajiza y
BOJIONIPOBIIHIA BoAl — He Oinbie 3a 0,2 mr/mv®. B OKpPEeMHUX BHIAJKaX, MOB'S[3aHUX 3 OCOOJIMBHMH IpH-
POJHMMH YMOBaMH Ta TEXHOJIOTIEIO IIJTOTOBKH IMTHOI BOJM, IEH MOKa3HUK MoOXe OyTH 30UIbIICHHH 10
1,0 MF/,I[MS. HapnumkoBwid BMICT 3aiiza y BOII HECHPHUATIMBO BIUTMBAE Ha MIKIpY, CKIAaX KPOBI TOIIO.
TpuBane crio)kxnuBaHHS BOJM 3 ITiABUIIIEHUM BMICTOM 3aJ1i3a IPU3BOINTH JI0 3aXBOPIOBAHb IIE€UiHKH, BUKIINKAE
aJNeprivyHi peakiii Tomo. AHani3 SKOCTI MiA3EMHHX BOJ Ha Tepuropii JIbBIBCHKOiI 00NAcTi CBITYHTH PO
MiABUIICHAN BMICT 3arajJbHOTO 3alli3a y BOII JAeAKHX Bomo3abopis. [IpoTe, HaBiTH 3a BIAMOBIIHOI SKOCTI
BOIM B JpKepelax Ta 3aI0BiIbHOI POOOTH BOAOMPOBIAHHUX OYHCHUX CIOPYJ HE BHKIIOUYCHE il BTOpHHHE
3a0pyJHEHHS y PO3MOIUIBHUX MEPEkKax CUCTEMH BOJIONOCTauaHHs HaceJieHUX MyHKTiB. Hacenenus Ykpainu
JUIA I0IaTKOBOTO OYMIICHHS IUTHOI BOJU BUKOPUCTOBYE MOOYTOBI (iNbTPH, 30KpeMa KapTPUIKHOTO THUILY.
Meta nmocmifKeHHS — TOPIBHSAHHSA €(EKTUBHOCTI 3HE3ali3HEHHS IHUTHOI BOAM TMOOYTOBMMH (inbTpaMu
mapok “Hamra Boga” (Ykpaina), BRITA (Himeuunna) ta “Axsadop” (Pocist). ExciepiumMenTaibhe mociia-
JKEHHS poOOTH (PUIBTPIB BUKOHYBAIU U BU3HAUCHHS 3aJICKHOCTI BMICTY 3ailiza y QimeTpaTi Big 00’emy
npodiabTPOBaHOTO MOAEIBHOTO po3unHy. [lix yac MpUroTyBaHHS MOJEIBHOTO PO3YMHY BHKOPHCTOBYBAIH
BOJY 3 BopompoBoay M. JIbBoBa, BimiOpaHy B paibioni Byn. C. banmepu 3 Buximaum BmictoM 3amiza 0,02—
0,3 mr/nv®. KoHrleHTparist 3ami3a y MOeIbHOMY po3dmHi cTaHoBmia 1 mr/am°’. 3 MOYaTKy eKCIepHMEHTY
KOHI[GHTpALlisl 3ai3a y (ijbTpaTi 3MEHIIyBaIach i jocsrana HOPMAaTHBHOrO 3HadeHHst 0,2 mr/mm’ micis
npoxomkenHs 15, 15 ta 2,5 e ¢inpTpary BianosigHo anst ¢ineTpiB “Hama Boxa”, BRITA Ta “AkBadop”.
O0’em ¢inbrpaty, skuii mpoitmoB kpi3e ¢ineTpu “Hama Boma”, BRITA ta “AxBadop”, craHoBHB
igmosino 210, 350 Tta 80 gv°. HesHauHa MBHAKICTH ¢dbimpTpyBaHHs Bomu Kpi3b ¢ineTp “AxBadop”
YHEMOXKJIMBUJIA TIPOBEICHHS eKCIiepuMeHTy micis GinbTpyBanHs 80 am® MozenbHOro po3uuny. Jocmimxy-
BaHi (QUIBTPHU MOKa3any MO3UTHBHI Pe3yIbTaTH IIOA0 3MEHIICHHS BMICTY 3arajisHOTO 3aii3a y Boji. IIpore,
IUsL 3HE3aJi3HeHHS mHUTHOI Boau (30KpeMa BOJONPOBIAHOI) BAapTO 3acTOCOBYBAaTH BiIOMi METOIM
3HE3aJII3HEHHS Ha BOJIONIPOBIIHIX OUYNCHUX CIIOpY/IaX HACEJICHUX ITyHKTIB.
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