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The purpose of this study was to rate the performance of cartridges for commercially available
pitcher filters. The design features and composition of cartridge loadings of industrial pitcher filters
were studied and a comparative study of their performance in terms of water purification from
chlorine, hardness ions and organic compounds was made. It is established that all the studied
industrial cartridges are physicochemical analogues and differ only in design parameters, and the
main factor that influences the degree of water purification from pollutants is the contact time of
water with the cartridge loading. It was also found that the information provided by the industrial
cartridge manufacturers about the effectiveness of water purification from impurities is untrue and
in fact is overstated. The analysis of information on the work of industrial cartridges showed the
possibility of a significant increase in their efficiency by creating optimal operating conditions.
Requirements have been formulated, that have to be met by the filter cartridge with the optimal
properties and the main variable and constant factors that affect the performance of the cartridges
are identified.
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The quality of drinking water in Ukraine does not always meet the requirements set out in the
regulatory document DSanPin 2.2.4-171-10 «Hygienic requirements for drinking water intended for
human consumption». This applies both to water from centralized sources of water and to
decentralized ones (DSanPin 2.2.4-171-10, 2010).

The most common pollutants that significantly impair the organoleptic and physico-chemical
properties of tap water are substances widely used in the process of its centralized purification -
chlorine and its compounds, aluminum, iron, as well as natural surface water pollutants - humic
compounds, the presence of which causes increased color of the water. To remove such unwanted
impurities, household drinking water filters with replaceable cartridges are commonly used, the most
common of which are the so-called pitchers. These filters, as well as replaceable cartridges, attract
customers with low cost, mobility, modern design and ease of use. At the same time, the efficiency
of water purification with their help does not always meet the promises of manufacturers and users'
expectations (Mitchenko (Eds.), 2019).

There is a large number of pitcher filters from different manufacturers on the market, each of which
is equipped with cartridges for different purposes - for removing chlorine, hardness ions, discoloration
of water, removal of various toxic metals and organic compounds, and most often for simultaneous
cleaning from all the impurities listed above. Information about the type and performance of the
cartridges is provided by the manufacturers, and the degree of its reliability depends on the honesty
of the latter (Maletsky, 2012).

In this study there were compared cartridges for household pitcher-filters by different manufacturers
to evaluate their performance and determine the factors that affect it.
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Experimental technique

During the work, the impact of the design features, the composition of the loading and the
performance of the cartridges on the efficiency of water purification from pollutants, that cause the
most complaints from users of tap water, were evaluated.

The technique of the experiment was to let the tap water of Kyiv through a pitcher-filter with taking
samples for analysis after 10, 50, 100, 150 dm?. In addition, before the analysis of water samples that
passed through the pitcher-filter, samples of the source water were taken for analysis. The
composition of the source water is given in Table 1 (Bolshak and Mitchenko, 2019).

Table 1. The composition of the source water.

Value
Indicator In the source Requirements of

water DSanPin
pH 72-7.7 6.5-8.5
Color index, degrees 30-37 <20
Turbidity, mg/dm? 0.4-0.6 <0.58
Hardness, meg/dm’ 45-47 <14
Chlorine (common), mg/dm? 0.45 - 0.55 <0.5
Iron, mg/dm? 0.086 — 0.2 <0.2
Permanganate oxidation, mgO/dm’® 42-5.6 <5

Since the concentration of chlorine in the tap water was low (<0.05 mg/dm?) and unstable during the
experiment, model water with a chlorine concentration of 0.5 mg/dm?® was prepared.

To evaluate the performance of the cartridges, there were determined such parameters as: filtration
rate, water contact time with loading, and the degree of improvement of purified water quality
compared to source water (purification efficiency, a) by the indicators given in table 1, the values of
which exceeded the requirements: color index and permanganate oxidation (PO), as well as chlorine
content, the increased content of which affects the organoleptic properties of water, and hardness.
Because the chromaticity and permanganate oxidation are correlated with each other, the PO is chosen
as the benchmark, characterizing the content of organic and mineral substances in water, that are
oxidized by one of the strongest chemical oxidizers, potassium permanganate, under certain
conditions. The PO index describes more broadly the content of organic matter in water in compare
with the color index, and in turn covers the indicator of color.

The contact time of water with the cartridge loading layer (tcont) was determined by the formula:

|41
tcont - g D

where V| - loading volume (cm?), v - rate of water flow through the cartridge (cm*/min).

Results and discussion

The objects of the study were six samples of commercially available cartridges by the five famous
manufacturers that are the most spread on Ukrainian market.

During the experiment cartridges were opened and as a result their design features, cartridge loading
composition, volumes of cartridges and the loading itself were visually estimated. The actual design
characteristics of the cartridges and the loading features are presented in Table 2. All cartridges
contained coconut activated carbon and slightly acidic cation exchanger as part of the loading. As a
top drainage, all cartridges contain a polypropylene grid that prevents the removal of filter materials.
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Table 2. Features of cartridge loadings from different manufacturers.

Cartridge Cartridge 3 Volume.of cartr31dge Logdlng Lower drainage materials
volume, cm loading, cm ratio, %
I 152 144 96 Non-woven fabric
11 170 118 69 Non-woven fabric
111 117-120 76 63 Non-woven fabric
v 200-210 Active carbon + 75 Non-woven partition. On the
Ion exchanger — 85 bottom, top of the cartridge
Fiber — 65 and between the loading
layers there are 3 plastic
lattice partitions
\Y 117 100 85 Foam rubber
VI 175 136 77 Non-woven fabric

The photos of the cartridge loadings that listed in Table 2 are shown on Fig. 1.

AY V VI

Fig. 1. Cartridges loadings I - VI.

From the data of Table 2 and figure 1 it is seen that the main content of the cartridge loading by
different manufacturers is similar and consists of coconut activated carbon and slightly acid cation
exchanger as ion-exchange material. An exception is the IV cartridge, the loading of which consists
of 2 layers: the main filter mixture (from activated carbon and ion exchanger) and a layer of fibrous
material. Therefore, all the tested cartridges are practically complete physico-chemical analogues.
The ratio of components coal: ion-exchanger in the mixture also slightly differs in the different
cartridges and is (1.2 - 1.3) : 1 for all the tested samples. At the same time, the cartridge sizes and,
accordingly, the loading volumes differ substantially and range from 75 to 150 cm?, and the cartridge
loading rate also varies from 63 to 96%.
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The results of the study of the filtering characteristics of the cartridges are presented on Figures 2 - 4
and Table 3.

Figure 2 shows the graphs of filtration rate change on the cartridges, which shows that in almost all
cartridges the filtration rate in the interval of 10-150 dm? of passed water decreases slightly and
remains practically stable. An exception is the cartridge V, where there is a sharp decrease in speed
during the passage of 10-100 dm? of water.
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Fig. 2. Dependence of filtration rate (v, dm® / min) from the volume of water passed through the
cartridges by different manufacturers.

Figure 3 shows the graphs of the degree of water purification from pollutants during the passage of
10-150 dm?> of water on cartridges I - V1.

Table 3. Water purification efficiency on cartridges by different manufacturers (averaged over
150 dm>).

The average degree of ) o
Cartridge purification for 150 dm?, % Loading 5 F11trat;on rate, toont, MiN
Cl PO Hardness volume, dm dm”/min
I 55.3 7.2 26.6 0.144 0.19 0.76
11 56.8 13.7 15.9 0.118 0.16 0.74
111 44.1 8.0 14.4 0.076 0.23 0.33
1\Y% 57.3 15.9 16.6 0.150 0.16 0.94
\Y 38.8 6.3 10.8 0.100 0.52 0.19
VI 53.8 13.8 17.3 0.140 0.29 0.48

As can be seen from Figure 3, in general, during the filtering of water on cartridges I-VI, during 1-
150 dm’, the efficiency of water purification from chlorine, hardness and PO gradually decreases as
the filtering materials of cartridge loading are depleted. It should be noted that the efficiency of water
purification from pollutants reaches a maximum during 10-50 dm® of passed water and further
significantly decreases. Exceptional case of increasing of efficiency of water purification from PO on
cartridge V in case of passage of 50-150 dm? of water can be explained by sharp decrease of the speed
of water passing through the cartridge loading, as shown on Fig. 2.
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Fig. 3. Dependence of the degree of purification of water from pollutants (a,%) on the volume of
leaked water (inputs, dm®) on cartridges I-V1.

Evaluation of the efficiency of the studied cartridges towards chlorine showed that the average degree
of reduction of this indicator in the range of 1-150 dm? of passed water is 39-57% for all cartridges.
However, after passing the first 10 dm® of water, the efficiency of its purification reaches 83%, and
after passing 150 dm® - 30-50%.
The evaluation of the efficiency of the studied cartridges towards oxidation and hardness showed that
the degree of decreasing of these parameters in the range of 1-150 dm?® of the passed water does not
exceed 26%. In this case, after passing the first 10 dm? of water, the efficiency of its purification from
hardness reaches 90%, after passing 150 dm? - 6-13%, and during purification of water from the PO,

these indicators reach 30% after passing 10 dm? of water, and 7-15% - after passing 150 dm?.
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The largest decrease of the concentration of all the studied impurities occurs in the interval of 1-50
dm? of passed water for all tested cartridges, and then significantly reduced, primarily due to the
subsequent depletion of the sorption capacity of the loading components.

The dependence of the average of 150 dm? values of the degree of water purification (from pollutants)
on the time of contact between water and loading is shown on Figure 4.
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Fig. 4. Effect of contact time (tcont, min) on the efficiency of water purification (a,%) from chlorine,
hardness and PO.

Figure 4 shows that the degree of purification of water from the studied impurities is mainly
determined by the contact time of water with the loading of the cartridge. In this case, the contact
time of the water with the filtration loading has the greatest effect on the efficiency of water
purification from chlorine, while the efficiency of purification from hardness and PO is less
significant.
According to the information obtained from the experiment, the following requirements have been
formulated, which must be met by a pitcher-filter with optimal properties:
1) The resource of the cartridge, that is filled with a mixture of activated carbon and slightly acid
cation exchanger should be 150 dm?>. The expediency of installing a cartridge resource of 150
dm? is explained by the fact that after the passed 150 dm? of water, the filtering properties of
cartridge loading are significantly reduced due to the depletion of the sorption properties of
the materials. So, the regulated content of chlorine in tap water is 0.5 mg/dm?, but to avoid
the smell and taste of chlorine when consuming water, its concentration should be no more
than 0.2 mg/dm?>. Therefore, in order for drinking water to meet this criterion, cartridges must
remove at least 60% chlorine from tap water. However, in the course of the experiment, it
became clear that when filtering 150 dm?® of water, most of the cartridges remove less than
50% chlorine, indicating that their resource is depleted by this indicator and therefore
inefficient for future use. On the other hand, the resource should not be less than 150 dm?,
because too low resource will not be attractive to the consumer when choosing a cartridge.
2) The cartridge should remove an average of at least 70% chlorine during the entire time of
operation and at least 60% per 150 dm?> of passed water.
3) To fulfill these conditions the contact time of the water with the filtering loading should be
within 0.75 - 1 min and the filtration rate should not be less than 100 cm?/min.
However, in order to create cartridges with optimum properties, there are some important constant
and variable factors that affect their performance.
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Permanent factors include:
1) The design parameters of the cartridge, such as:
e Cartridge shape;
e (artridge height;
e (artridge volume.
2) Content of active filter components included in cartridge loading, such as:
e Activated coconut shell charcoal;
¢ Jon exchange material with carboxyl groups;
e Silver-containing component.
The variable factors and their dependence are reflected on Fig. 5.
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Fig. 5. Variable factors affecting cartridge performance.

Conclusions

Comparative estimation of cartridges for household filters from different manufacturers showed that,
despite the almost identical composition of filter mixtures in different cartridges, the main
components of which are coconut activated carbon and slightly acid cation exchanger, their
effectiveness in the process of water purification differs significantly. However, the information
provided by manufacturers of industrial cartridges about the efficiency of water purification from
impurities is untrue, and in fact is overstated.

The main factor influencing the degree of purification of water from chlorine, organic impurities and
hardness ions is the contact time of water with the filter loading: the higher the contact time - the
higher the degree of purification of water from pollutants. Contact time depends from cartridge
volume and water flow rate, which in turn depends from the resistance of the filter layer, which is
influenced by granulometric composition of filter loading, the presence of inert materials in it, from
the materials of drainage system and loading ratio. By varying, for example, the size of the loading
and the flow rate of the solution, you can significantly increase the efficiency of household cartridges
for purifying of drinking water.
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OIIIHKA E®EKTUBHOCTI JJOOUUIIEHHS IIUTHOI BOAU IOBYTOBUMHA
KAPTPUIKAMU
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Mema 0ano2o 0ocriodicents nonsgeana 8 NOPIGHANbHIL OYIHYI pobomu Kapmpuoxicié 01 Gitbmp-
2neyuKie, wo npomucioso sunyckaomscsi. Q6 ’ekmamu 00caiodcenHs Oyau 6 3pasKie Kapmpuoxicia,
WO NPOMUCTOB0 BUNYCKAIOMbCA N AMbMA I00MUMU BUPOOHUKAMU, MA € HAUOINbUL NOUUPEHUMU HA
VKpaincbkomy punky. byno eueueno kowcmpykyiuni ocobnugocmi i cKIad 3a8aHMANCEHH:
APOMUCTOBUX KAPMPUONCI8 0N (Pinbmp-2leyuxie ma npoeeoeHO NOPIBHAIbHE O0CAI0NCEHHS
eghekmusrnocmi ix pobomu 3a NOKAZHUKAMU OYUWEHHS 800U 8I0: XA0pY, IOHI8 meepoocmi ma
opeaniunux cnonyk. Memoouxka excnepumeHmy noasi2ana 8 NPOnyujenHi 86000NpOGIOHOI 600U M.
Kuesa uepes kapmpuoac @inbmp-aneuura 3 6iobopom npob ona ananizy uepes 10, 50, 100, 150 or’.
Kpim moeo, neped ananizom npob 6oou, nponywenoi uepes ¢hinomp-eneyux, 8iooupanucs npoou
BUXIOHOI 800U O/ AHATI3).

Oyinka egpexmusHocmi O0CHIONHCEHUX KAPMPUOIHCIE NO GIOHOUWIEHHIO 00 XJI0pYy NOKA3AAd, WO
cepeoniii Cmyninb 3HUNCEHHA Yb020 NOKA3HUKY 6 inmepsani 1-150 oM’ nponywenoi éoou cknadae 39-
57% ona ecix kapmpudcie. Ipu yvomy nicas nponyckanus nepuiux 10 oM’ 6oou, egpexmusnicmo it
ouuwenns cseae 83%, a nicas nponyckanus 150 om® — 30-50%. Oyinka epexmusnocmi docniodncenux
Kapmpuox#cie no iOHOUleHHI0 00 OKUCHIOBAHOCMI Ma M8epooCcmi NOKA3AAd, W0 CMYNIHb 3HUNCEHHS
yux noxasuuxie 6 inmepeani 1-150 om®> nponywenoi 600u ne nepesuwgye 26 %. Ipu yvomy nicis
nponyckanns nepuiux 10 om® 6oou, egpexmusnicmo ii ouuenns 6io meepoocmi cazae 90 %, nicis
nponyckanns 150 om® — 6-13 %, a npu ouuwenni soou 6io I10 yi noxasnuxu cseaiomo 30 % nicis
nponyckauns 10 om® 6oou, i 7-15% - nicas nponyckanns 150 om’,

Bcmanoeneno, wo 6ci 0ocniodiceni npomuciosi Kapmpuoxici € Qi3uKo-XiMiyHuUMU anaioeamu i
BIOPI3HAIOMbCA Ulle KOHCMPYKMUSHUMU NAPAMEMPAMU, A OCHOBHUM (DAKMOPOM, AKUU 6NAUBAE HA
CMYNIHb OYUUEeHHS 800U 8i0 3AOPYOHUKIB - € 4AC KOHMAKMY 800U 3 3A8AHMANICEHHAM KAPMPUOILC).
byno maxoar susnaueno, wo inghopmayis, AKy Hadaroms UPOOHUKU NPOMUCTOBUX KAPMPUOIHCIB, NPO
eghekmusHicmob ouUWeHHsT 800U 80 OOMIWOK He BION0BIoae OIUCHOCMI, i N0 (hakmy € 3a8UUYEHOIO.
Ananiz inghopmayii w000 pobomu NPOMUCTIOBUX KAPMPUOHCIE NOKA3AE MONCIUBICINL CYMMEBO20
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niOBUWEHHS IXHbOI e(heKmUBHOCII 3a PAXYHOK CIMBOPEHHS ONMUMAIbHUX YMO8 eKcnayamayii. bynu
chpopmynbo6ani suMocU, AKUM MA€E GION0GIOAMU KAPMPUONHC 015 (Ditbmp-eiedura 3 ONMUMarbHUMU
B1ACMUBOCMAMU | BUSHAYEHT OCHOBHI 3MIHHI | NOCMIHI (hakmopu, wo BNIUBAIOMb HA ePeKMUBHICIb
pobomu Kapmpuoxcie.

Knrouogi cnosa: ginomp-eneuux, kapmpuodxc, ciaOOKUCIOMHUL KAMIOHIM, aKmMugosaue Gy2iiisi,
X110p, meepoicmv 600U, OP2AHIYHI CROIYKU, YaAC KOHMAKMY, eeKmuHicmy OYUUjeHHs 800U.

OIIEHKA D®®EKTUBHOCTH JOOUYNUCTKA NUTHEBOM BO/IbI BLITOBHIMU
KAPTPUIKAMU

A.II. Boabmak'*, T. E. MuTuenko', A. A. MuT4enko’
VHTYY «Kuepcknii moauTeXHHYeCKHii HHCTUTYT UMeHH Mropst Cukopckoroy, Kues, Ykpanna
2 Ecosoft Water International Bvba, I'ent, Benbrus
*e-mail: annebolshak@gmail.com

Llenv Oanno20 uccnedosamus 3aKIOHANACL 6 CPABHUMENbHOU OYeHKe padomvl NPOMbIULIEHHO
8bINYCKACMBIX  Kapmpuodcel 01 uibmp-Kysuiunos. bviiu  uzyuenvl  KOHCMPYKYUOHHbIE
0COOEeHHOCMU U COCMAB8 3a2PY3KU NPOMBIULIEHHBIX Kapmpuodicel 0 (DUibmp-KySUUHOE U
nPO6edeHO CPABHUMENbHOE UCCLe008aHUe IDPeKmUsHOCmuY ux pabomsl No NOKA3AMENAM OYUCKU
800bl OM. XA0PA, UOHOB JIHCECMKOCMU U OpPeAHUYecKux coeounenuu. boviiu copmyruposarvl
mpebosanus, KOMOPbIM O0IHCEH 0OMEeUamy KApMPUONC 015 PUILMPA-KYSUUHA C ONMUMATbHBIMU
ceolcmeamu U onpeoeneHbl OCHOBHbIE NEePeMeHHble U NOCMOSIHHbe (DaKkmopul, eiuswue Ha
aghghexmusrocmv pabomul Kapmpuoxicell.

Knrwuesvie cnosa: punbmp-kysuiut, Kapmpuoxc, ciaboOKUCIOMHubIL KAMUOHUM, AKMUeUpPOBAHHbII
Y20/lb, XA0p, HCeCMKOCMb 800bl, OP2AHUYECKUE COEOUHEHUS, 8peMs KOHMAaKma, d¢h@exmusHocms
OYUCKU 800bL.
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