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AN EVALUATION OF THE EFFECTIVENESS OF NANOSILVER
IN SWIMMING POOL WATER TREATMENT - WATER QUALITY
AND TOXICITY OF THE PRODUCT

Abstract: The possibility of applying a colloidal solutiorf aanosilver in the closed circuit of pool water
treatment as a complementary disinfectant with raido compounds was presented. The applied nanopsilve
solution is characterized, by hygienic certificaie,having a very high biocidal effect. Samplepadl water for
the control were taken from 5 points of a pool wircThe safety of the water was appraised by comgahe
bacteriological and physicochemical test resultth whe admissible values specified by hygienic iemuents.
The results show that nanosilver solution can leessfully applied for precoating the filter bed @upporting
the disinfection system. Special attention was paithe bacteriological purity and stability of tdesinfectant
concentration. The influence of concentration dfoidal nanosilver (0-25 mg/dfhon bacterial bioluminescence,
crustacean mortality and macroscopic effect of grotvth and seed germination of selected plantsamatysed.
The results obtained were related to the curreatedge on the impact of nanopatrticles on indicatganisms.

It was found that due to many still unknown mechkars of interaction and transformation of nanoplegién
living organisms, further study of this issue is@essary.
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I ntroduction

In recent years, there has been a rapid increasieeimumber of public swimming
pools. Due to the high demand for water recreatictivities and rehabilitation in water,
swimming pool facilities must function correctlyjcathe basis for proper operation are safe
and reliable swimming pool installations.

Strict requirements regarding swimming pool wafeb] have rendered traditional and
one-stage filtration systems insufficient [6-9].daese of this, some existing facilities are
being modernized and fitted with additional devieed processes to boost the efficiency of
water treatment [10, 11].

Swimming pool water treatment systems that guaearttealthy water include
prefiltration, surface coagulation run in variotlgef beds, ultrafiltration, disinfection with
sodium hypochlorite or calcium hypochlorite aideddzonization or UV irradiation, and
pH correction [6-10].

Despite the use of proven pool water purificatiechinologies, the disinfection process
is constantly being improved. Traditionally, chtwtbased products are used to disinfect
the pool water, but they are the cause of harmBIP@disinfection by-products). For this
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reason, there is a need for alternative disinfaéstan disinfection processes to reduce the
dosage of chlorine (as a final disinfector) to pwater [12-14].

Pool water treatment processes may also incorpoeatesilver products. Nanosilver is
increasingly being used in consumer products fraashing machines and refrigerators to
other devices. Silver nanoparticles are known toekeellent antimicrobial agents, and
therefore they can be used as alternative disenfiéetgents for the disinfection of drinking
water or recreational water [15-19].

Although silver (AgSQ,) in a low concentration (0.01 mg/dykills more than 99.9 %
of heterotrophic bacteria in pools, the time neetealchieve this effect (about 30 minutes)
does not allow its use as the main disinfectanhialdds].

This paper presents research on the use of a @alllsblution of nanosilver in the
technology of swimming pool water. The main objeetdf the research was the analysis of
the quality of swimming pool water treated with gstem that incorporates: colloidal
solution of nanosilver aiding the final disinfeatimf water with sodium hypochlorite,
a vacuum filter with multilayered bed, and a lovegsure UV lamp.

Due to the increasing use of silver nanopartichgi\NP), their emission to the natural
environment may also increase. There are many gaildihs on the harmfulness of silver,
in particular for organisms living in the aquatiocveonment [20-23]. Depending on the
environmental conditions in which nanoparticles Iwile found and mechanisms of
oxidation and destabilization of their surface-augggents, they can survive the process of
wastewater treatment and still show their activitythe environment. It has been shown
that silver nanoparticles with sizes close to 50 oan be present in the aquatic
environment, even for many months [23]. As the nae@dm of toxicity of nanopatrticles is
still not fully understood, it is necessary to ntonithe impact of this type of technology on
the living organisms [24].

Therefore, the authors of the work additionally gereted an ecotoxicological
assessment based on the reactions of selectedatimdiorganisms in relation to the
classification of toxicity [25, 26]. The influencef colloidal nanosilver (concentration
ranging from 0 to 25 mg/dfhon bacterial bioluminescend@iivibrio fischeri, crustacean
mortality Artemia salina and macroscopic effect of root growth and seedngeation of
Lemna minor and Snapis alba were analysed. The results obtained were refaueitie
current knowledge on the impact of nanoparticleindicator organisms.

Materials and methods

In the tested swimming pool, there were physiotersessions for patients suffering
from various injuries during the morning hours.the afternoon, there were swimming
lessons for infants and their parents. The swimnpiogl is equipped with a vertical water
flow system with a capacity of 30%h and 4 stations with massage jets. The swimming
pool dimensions (3.2 mx5.4 mx1.2 m) allow for themfortable rehabilitation of
6 to 8 persons. The swimming pool draws water ftbenmunicipal water supply system.
Water deficits resulting from evaporation, splaghand the need to wash filter beds are
replenished by drawing water into the retentiorktdrhe basic requirement for the correct
circulation of swimming pool water is a closed alation system with an active overflow.
The treated water is introduced to the pool throigtjets located at the bottom of the pool
basin. The water is drained through the top overfimughs to the retention tank. Then, the
water is sucked by the circulation pump. Beforeghmp, there is a mesh filter, whose aim
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is to capture large solid contaminants. The pumpeandhe water to the filter where, after
the application of a disinfectant and a pH cormtsolution, it is directed to the swimming
pool through heat exchangers. Before the filterspagulant solution is applied (2.5-10 %
solution of aluminum hydroxide chloride). To imprege the filter, it was precoated with
11 dn? colloidal solution of nanosilver (hygienic certidite) on the first day of research
(Fig. 1a, b). The swimming pool water treatmenteysuses a multilayered vacuum filter
with sand and hydroanthracite bed with an area of &nd height of 1.2 m. The filtrate
pipe was supplemented with a low-pressure UV lahfyg. treatment system is an automatic
system, controlled by an analyzer that monitorsgihelity indicator values of the water that
is drained from the swimming pool basin.

a) _ b)

EHT = 5.00 K\ Signal A= nLens 20 prm’ EHT = 20,00 kY Signal & = SE2
WD = 83 mm Mag= 1784 K X WD= 238 mm Mag= 113K X

Fig. 1. Colloidal solution of nanosilver: a) astack solution; b) on a filter bed (Photo taken witte
high-scanning electron microscope ZEISS SUPRA 38T E electron high tension, WD -
working distance, Signal A - signal selection ségi, Mag - magnification)

The samples for physicochemical and bacteriologi&sts were taken from five points
in the pool water circuit: swimming pool basin (SEXention tank (RT), before filter (BF),
after filter and before UV lamp (AF) and water slypfW's).

The test results, collected over a 2-month peneele analysed. The water samples
were subjected to bacteriological (once a week) phgsicochemical (twice a week)
analyses that measured basic control paramet@mobfvater quality [1-5].

The samples were collected and marked in accordaitbeapplicable standards and
methods [27, 28]. The physicochemical parameteashbst described the water quality in
the tested pool were: pH (colorimetric method-phatter DSC 400, Dinotec and
potentiometric method-HQ11D Digital pH meter kita¢h, Loveland, CO, USA), redox
(potentiometric method-ORP electrode; HQ11D Digik#ch), free and combined chlorine
(DPD colorimetric method, photometer DSC 400, Démoand POCKET Colorimeter |,
Hach), silver ion, oxidizability QOD), chlorides and nitrates (spectrophotometer DR5000
UV/VIS, Hach and Spectroqué&hPharo 300, Merck). Total organic carb@®C) and total
dissolved organic carbon (DOC) (after membranerfiRVDF 0.45um) was determined
using aTOC analyzer (TOC-LCSH/CPH, Shimadzu).

The bacteriological parameters that best describedvater quality in the tested pool
were: Escherichia coli (method compliant with: PN-EN 1SO 9308-1:2004 [29])
total plate count in 36 °C after 48 hours (methodhpliant with: PN-EN 1SO 622:2004
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[30]), Legionella sp. (method compliant with: PN-ISO 11731-2:2008 [31]hda
coagulase positive  staphylococci (method compliamith:  PN-EN  ISO
6888-1:2001/A1:2004 [32]).

During the tests, the values for water pH, redotepiial and the concentration of free
chlorine and combined chlorine were read every dagctly from the screen of control
and measurement device SCL DINOTEC. The obtaingd tesults were compared against
the recommendations of DIN 19643 [1, 3], WHO [2JHK NIZP-PZH [4] and the
permissible values specified in the decree [5] ([@4&b.

Recommendations and permissible values of swimmaad water quality Taple d
Parameter WHO [2] DIN 19643 [1, 3] ZHK N[|42]P-PZH [i)tfe'rglzoofléo[lS?’
T;’ftti'ﬂgtﬁ fgg[‘;l'”cﬁi?] c <200 100 100 100
Coliform bacteria of the fecal <1 ) 0
type [CFU/100 crj
Escherichia coli [CFU/100 cni] 1 0 0 0
Legionella sp. [CFU/100 cmi] <1 0 0 0
e A : : :
Coagulase-positive staphylococci ) ) 5
[CFU/100 cr]
pH [-] 7.2-7.8 6.5-7.6 6.5-7.6 6.5-7.6
Redox [mV] 720 750 750 750
Free chlorine [mg Gidn] 0.5-1.7 0.3-0.6 0.1-0.3 0.3-0.6
Combined chlorine [mg @HnT] 0.2 0.2 0.2 0.3
Silver [mg Ag/dm] 0.08 - - -
COD [mg Oy/dnT] 4.0 5.0 4.0
Chlorides [mg CldnT] 250
Nitrates [mg NG@/dm?] 20 30 20

1 CFU (colony forming unit)? Depending on the method of water disinfectib'HO [33];* Difference inCOD
values in swimming pool water a@DD in water supplementing circulation system

In extended studies, including ecotoxicological Igsia, pool water samples were
treated as a matrix for nanosilver solutions witested concentrations. Before performing
the bioassays, the basic physicochemical parametehe water collected were examined
(Table 2). Then, naturally (free evaporation duril@0 hours) the concentration
of free chlorine in water was reduced to 0.1 mgdat’. The presence of free chlorine may
have a profound influence on the increased levesashple toxicity resulting from the
destructive action of chlorine upon indicator origars. Subsequently, colloidal nanosilver
solutions with concentrations of 0.5; 5.0; 10.0;0125.0 mg Ag/drwere made in pool
water and a sample of raw pool water (0 mg Adjdwas prepared in parallel.
Ecotoxicological analyses of the prepared solutimese carried out 24 hours after their
preparation.
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Table 2
The values of physicochemical parameters of potémtaken for toxicological analysis

Parameter Value

pH [] 6.65

Redox [mV] 778

Free chlorine [mg GldnT] 0.84
Combined chlorine [mg @dn] 0.54
TOC [mg C/dmi] 3.411
DOC [mg C/dn1] 3.051

COD [mg G/dn] <15
Chlorides [mg C¥dnr] 282
Nitrates [mg N@/dn7] 2.80

The first toxicity test was performed following tlSereening Test procedure of the
MicrotoxOmni system in a Microtox analyzer, Moddd(6 Tigret [34], performing the
function of both an incubator and a photometer. Pleecentage of bioluminescence
inhibition relative to the control sample (bactemniat subjected to a potential toxicant) was
measured after the exposure times of 5 and 15 esniResults after 5 and 15 min are
reported E - Effect [%]). The obtained results were asseslBaged on the toxicity
classification system shown in Table 3 [25, 26]e Btandard deviation of the Microfox
test ranges from 3.92-13.94 %.

Assessment of toxicity of pool water samples waso gberformed based on the
mortality test (or lethality) ofArtemia salina nauplii. The organisms were obtained from
a test breed run according to own methodology ameriments presented in the literature
[35, 36]. The samples of test solutions (2°aach) were introduced into the test wells,
followed by 10Artemia salina nauplii. The number of dead or immobilized orgargsvas
determined after 24 and 48 h of the test duratiomicroscopic observations. For each of
the samples and an additional control sample afebsiolution for nauplii cultivation, the
toxicity effect E was calculated. The standard deviation of this tatity test was
0-4.51 %. The obtained results were compared wighrésults obtained in the Microfox
test and assigned to the appropriate toxicity class

Table 3
Toxicity classification system
E [%] Toxicity class
<25 non-toxic
25-50 low toxicity
50.1-75 toxic
75.1-100 high toxicity

The evaluation of the macroscopic effect of nantiglarsolutions on root growth and
germination of plants was based on the recommentatf the US EPA [37] foLemna
minor and according to the methodology of the PhytotSxkést [38] for Snapis alba.
Additional control samples were prepared for trst $eries: fo.emna minor, a solution in
which the plants were grown and deionized water $imapis alba. Phytotoxicity
assessment of nanosilver solutions with respedtetona m. was made on the basis of
observations of stimulation or inhibition of theciease in the number of fronds by a 7-day
test at 23 °C, with a 25 W lighting (224 Im). Ralatgrowth rateRGR [1/d] was calculated
as:
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RGR = (INFN; — In 9)t (1)
whereFN; - the frond number df. minor on dayt (7 days).

Then thek [%] was determined based on the value of theirdobition index,| R

IR = ((Re — Ri)/Ryc) - 100 (2)
whereR. andRy, - the rates of inhibition of the growth of fronifsthe control sample and
for nanosilver solutions samples, respectively.

The standard deviation of themna minor growth inhibition test was 0-37.12 %. In
Snapis alba test, 4 cm of the samples were used. The acute toxicity phgtdook 3 days
and was conducted in a laboratory incubator atgéeature of 25 °C. The macroscopic
effect for Snapis alba (E [%]) was evaluated based &g root growth inhibition andgs
seed germination inhibition. Calculated on the a$l .

lre = (Ke —KJ/Ke) - 100 @)

whereK. andK;s - root lengths in control samples and solutions.
In contrast, inhibition ofgs germination was calculated as:
les= ((Lc —Lg)/Lc) - 100 4)
whereL. andLs - the number of seeds sown on the first and lags$ of the test.
The standard deviation of tl&napis alba seed germination test was 1.36-14.56 %.
The values of growth inhibition coefficients witlogitive values > 0 % were assumed as
the signal of inhibition of plant growth, while thgrowth stimulation was indicated by

negative values < 0 %. All biotests were perforrttage times, showing the value of the
arithmetic mean and the standard deviation.

Results and discussion

The physicochemical and bacteriological tests efsamples of swimming pool water
taken from 5 points in the pool water circuit alkxdvthe determination that the quality of
water met the requirements in this regard.

In all samples subjected to microbiological anaysiumber of CFU (colony forming
unit) of Pseudomonas aeruginosa and coagulase-positive staphylococci was foundJ GF
Escherichia coli andfecal coliforms were found in water samples collected during tret f
day of the research, < 5 CFUBfcoli and < 5 CFU ofecal coliforms. CFU ofLegionella
sp. was detected three times in water supplementiagitcuit (WS). Despite the presence
of Legionella sp. in the water supplementing the circuit, the renmgjreamples - SP, RT,
BF and AF - did not contain CFU dfegionella sp., proving the high efficiency of the
treatment and disinfection system. In all water [ga after the filter and before the UV
lamp (AF), the total plate count was also high, sigghificantly exceeded the recommended
values for pool basin water, i.e., 20 CFU/1°c8uch a high number of CFU of bacteria in
the filtrate proved that they were being washed fooin the bed. Despite the use of
nanosilver to precoat the filter bed, the condgidm the filter were favorable for bacterial
growth. Nevertheless, CFU of bacteria at other {gsailemonstrated the effectiveness of the
disinfection system.

Figure 2 shows the average values of physicochémpéameters that supplement the
bacteriological ones and co-determine if the psditifor use. Water pH at every collection
point was within the required range, i.e., 6.5{Fig. 2a).
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Fig. 2. Physical and chemical parameters of watelity in the tested pool circuit: a) pH, b) redox,
c) free chlorine, d) combined chlorine, e) siM@ICOD, g) chlorides, h) nitrates in the swimming
pool (SP), retention tank (RT), before filter (BEfter filter (AF) and in water from the supply

system (WS)
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Values of redox potential are especially importéomt pool basin water. The values
obtained duringn situ tests were within the range of 725-765 mV (on ager 758 mV),
which proved that the bathers were sufficientlytpeted against contamination (Fig. 2b).

The concentrations of free chlorine in the poolexngFig. 2c), due to the automatic
dosage of NaOCI solution, were stable and within inge of 0.38-0.43 mg &&n? (on
average: 0.41 mg @m’). A systematic decrease of free chlorine was oleskin the
subsequent parts of the pool circuit. Filtering thater through a filtration bed with
an anthracite layer resulted in a decrease in dneaentration of free chlorine, on average,
by 88.68 %.

Due to the adverse effects on the bathers [39t4&@]permissible content of combined
chlorine in pool water according to [1-4] is 0.2 mM@/dn?, and according to [5] is
0.3 mg Cydn?. There were no complaints from the bathers whenctincentrations of
bounded chlorine in water samples taken from tha pasin exceeded the concentrations
stipulated in DIN19643, on average, by 0.11 mgdat® (Fig. 2d).

Because the circuit water was supplemented withdit of colloidal solution of
nanosilver, the presence of silver was determiredra additional parameter. It should
maintain microbiological stability in the pool basiand be neutral to the bathers.
According to the recommendations of the WHO [3B& tontent of silver in drinking water
should not exceed 0.01 mg/driThe concentrations of silver in the pool cirauitter were,
on average: 0.002-0.008 mg/d(fig. 2e).

During the tests, in the majority of samples, czadhility index COD) was below
1.0 mg Q/dn? (Fig. 2f) and the permissible value is 5 mgdr. Oxidizability above the
permissible value (9.46 mg.@nt’) was detected in only one water sample from SEhén
same water sample, the value of total organic ¢ca(b@C) also exceeded the permissible
value, and amounted to 14.5 mg C’difihe high contamination level of the water in the
analysed sample was also confirmed by the high emtration of chlorides,
282 mg Cl/dn?.

The content of chlorides and nitrates in the testater was satisfactory (Fig. 2g, h).
However, during the filtration cycle, they were centrated in the pool basin. As the water
supply was low in concentrations of chlorides (1§ @i /dm’), it was determined that the
intake of “fresh” water for the pool circuit wastrgufficient. This fact was also confirmed
by the concentration of nitrates, which increasét the filtration time.

Silver nanoparticles, AgNP, are particularly easynteract with bacterial membranes
due to their small size [43]. AgNP toxicity is asited with the release of both Awpns
and particles, resulting in particle-related totyi@nd/or ,the Trojan horse effect” [23, 44].
However, it is difficult to determine what form tfxicity predominates in this effect. It is
strongly dependent on the form of nanoparticlegjrtisize, charge, structure, type of
organism with which they interact, and such envinental parameters as pH, ionic
strength or NaCl concentration [22, 45]. For exanpbxicity of nanopatrticles in relation
to Escherichia coli is associated in the first phase of contact witilecules (first 6 h of
exposure), then within 48 h Agons are released, which are also responsiblethier
destruction of these bacteria [23].

Nanosilver penetrates into the cell. AgNP as th@@oof Ad ions is responsible for
the oxidative stress associated with the generatforeactive oxygen species, causing
damage to cellular components, including DNA damagtvation of antioxidant enzymes
and damage to the cell membrane [23, 24, 44].
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The MicrotoX test showed a significant decrease in bacteri@libiinescence under
contact with nanosilver solutions. The raw pool evatwithout the addition of
nanoparticles, already showed a toxic effect a¥68fter 5 minutes of exposure and over
73 % after 15 minutes (Fig. 3a). However, the tadiect of nanosilver solutions ranged
from 63 to 90 % after 5 minutes of exposure andnfré/7 to 96 % after 15 minutes.
It should be emphasized that both the increasingcantration of nanosilver and the
prolongation of the contact time had a significempact on the increase of toxicity of the
samples relative to the bacteridiivibrio fischeri. The obtained results confirm the
tendency presented by Echavarri-Bravo et al. wheeoked the effect of silver
nanoparticles on the population of marine bactéree increase in AQNP contact time with
microorganisms caused a decrease in their popnlafitne tested product inhibited
bacterial growth after exceeding the concentraibd.072 mg/dr[46].
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Fig. 3. Classification of toxicity of pool water raples tested with silver nanoparticles in tests:
a) Microtox®, b) mortality ofArtemia salina

As regards the subliminal microorganisms, it sholbé borne in mind that silver
nanoparticles, which will be transported to seaewsmthave less stability and may have
different effects [44]. One of the phenomena isited to the presence of Gbns. In the
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chlorination process the solubility of biologicalgrailable silver forms is significantly
reduced. The result is the formation of AgCl, whiatturn reduces the release of ‘Agut
leaves such a product to be transported in theramwient for a long time [23].
An important factor activating the toxicity of ngarticles, which may be important in
photometric measurements is the phenomenon of lighiction and transformation of
nanoparticles. This speeds up the oxidation of thaiface and the release of 483, 24].

There was also a clear relationship between theesdration of nanoparticles and the
increase in mortality oArtemia salina nauplii and the prolonged contact time (Fig. 3b).
Initially, the toxicity was low - 44 % with an expoare time of 24 hours. However, with an
increase in observation time to 48 h, the mortatifyindividuals increased to 55 %.
The addition of nanoparticles at a concentratio).6f mg Ag/dm caused an increase in
mortality of test organisms to over 60 %rtemia salina nauplii turned out to be highly
sensitive to high concentrations of nanosilverha tested samples (one hundred percent
mortality of individuals at 25.0 mg Ag/dnThis organism has a higher sensitivity to the
presence of silver nanoparticles tharfischeri bacteria, but one should have in mind that
the contact time with the toxicant was longer.

BecauseArtemia salina belongs to crustaceans, its sensitivity can bepeoed with
another popular indicator organism in this groiaphnia magna. This species also shows
high sensitivity to elevated concentrations of eilvnanoparticles. Approximately
60 % mortality of individuals was observed, at aantration of 1.6:g Ag/dn? [20].
Jemec et al. [47] also found that the concentratmge from 0.001 to 0.1 mg Ag/dras
a highly toxic effect on a wide group of indicatorganisms, at different levels of the
organization - algae, crustaceans, fish.

The effect of silver nanoparticles on plants carbbth negative and positive. Unlike
bacteria and animal organisms, the inhibition @nplgrowth is more affected by particles
with diameters above 20 nm. This is due to the tlaat smaller AgQNPs stop mainly in the
root phase, while larger ones migrate deeply thnopignt tissues [48]. Rhizofiltration is
the first place of interaction between the toxibstance and the cell walls of the plant,
there are adsorption and precipitation process8k [the main factor inhibiting growth
here is the overproduction of reactive oxygen ggoihich often leads to a reduction in
the amount of chloroplasts, but it does not contelto a clear reduction in the number of
photosynthetic pigments [21].

The research carried out with the usd.efna minor allowed us to observe the strong
destructive impact of nanoparticles on the plant'sds. In a sample of pool water without
the addition of nanosilver, the stimulation of gp@wth of fronds was observed at —15 %
(Fig. 4a). With the increase in the dose of nantigas in the solution, the growth of fronds
was inhibited E in the field 90-100 %), at doses of 15 and 25 mg/dA?. Their
discoloration and disintegration of plant tissueravelso observed. In the case of
low-rooted aquatic plants, it is not possible totip#ly stop the toxicant on the roots.
In addition, Lemna minor samples were irradiated during the entire duratibthe test,
which may have contributed to the induction andaghoof AgNP toxicity [24].

A slight effect of the concentration of nanopagglwas observed oBinapis alba
germination as at a concentration of 15 mg Addime average value was 6.7 %, and at
25 mg Ag/dni only 3.3 %. Because the relationship between &aoXs negative impact
and plant sprouting may not be a good indicatoiinbfbition, root growth should be
analysed to describe the inhibitory properties afiaparticles [48]. The inhibition of root
growth was observed in full range duriSgnapis alba test (Fig. 4b). In test tubes that did
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not contain nanoparticles, the average toxic effext 50 %. The root inhibition value was
gradually increased and at a concentration of 25AgfinT nanoparticles it was over
89 %. This indicates that nanoparticles are onky @fithe factors that inhibit root growth of
Snapisalba in pool water samples.

In the case of testing the properties of silverapamticles on plant development, the
observed effect depends largely on the specigseqgblant we are exploring, its size and the
environment in which it is located (water or soifpenetic differences of indicator
organisms may contribute to obtaining contrastasj tesults.

The form of nanoparticles and the type of surfasatiog agents, with stability and
ability to react under the influence of environnanfactors, can have a significant
influence on the size of the toxic effect [43, 80].
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Fig. 4. Macroscopic effect of silver nanopartiotesselected indicator plants: lsdmna minor, b) Snapis
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Conclusion

The tests performed indicate the effectivenesshefproposed pool water treatment
system, incorporating the dosing of nanosilver aiddll solution, a vacuum filter with
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multilayered bed and the irradiation of the cirondter with UV light. The parameters of
water quality in the pool basin were compliant wiglgquirements in this regard.

The low levels of silver in pool water samples -0oab0.008 mg/drh - did not
constitute a risk to the health of bathers. Sib@mcentrations of up to 0.1 mg/dan
be tolerated in the case of silver salts to mainttaé bacteriological quality of drinking
water [51].

Despite the use of the colloidal solution of nalhesias a bacteriostatic product, it was
found that favorable conditions for the developmefibacterial colonies were present
in the bed. The anthracite and sand filtration Eeglitated the growth of bacteria,
which then were washed out to the filtrate.

Although CFU of bacteria in the filtrate samplesswagh, water from the pool basin
contained only 1 CFU/1 chfpermissible number: 100 CFU/1 YmiThus, the two-step
disinfection (UV+NaOCI) was sufficient to ensurdeshath.

The redox values further confirmed the effectivene$ protecting the pool water
against bacteriological contamination.

Additionally, a systematic decrease in free chierooncentration was observed in
water samples taken from the subsequent partseopabl circuit (filtering the water
through a filtration bed with an anthracite layescrbased it by 88.6 %) and the
systematic increase of chlorides and nitrates duttie filtration cycle indicated that
an insufficient amount of water was taken intofioel circuit.

Toxicity of nanoparticles depends to a large extmttheir concentration, form of
occurrence and environmental factors in which theyill be found.
The ecotoxicological effect that has been repoitethe presented work is related,
among others, to the used concentrations, whiatifgigntly exceeded those that were
found in the real samples. Due to many still unknanechanisms of interaction and
transformation of nanoparticles in living organisnfigrther study of this issue is
necessary. Because toxicity can be generated o lmegls, it is necessary to assess:
oxidative stress, cytotoxicity, genotoxicity, gréwand development of plant shoots.
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