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Abstract. The article is associated with the detection of metal
nanoparticles concentration in water. The main risks associated
with the metal covered textile use are metal nanoparticle
separation from material in use and maintenance processes,
resulting in a threat to living organisms. This article aimsto look
at optionsto recognize the presence of zinc oxide nanoparticlesin
water, applying the GDV electrography method and by analyzing
parameters of electrogrammes, distinguish those who respond to
the presence of particlesand their concentration changes.
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|.INTRODUCTION

In recent years the range of different metal nanapa
applications in form of finish / components / cogs hve
increased rapidly, including cosmetic products,tf@s and
household applications. Nano-scale modificationsferof
protection from UV rays, remove unpleasant odgerds
(microorganisms) in assortment of sleepwear andehgs
household fabrics, provide antibacterial effectdeftal care
products and washing machines.
properties into products of traditional-use habéosupport by
confidence that nano-scale modifications will ncause
irreversible changes in living and working enviramts
during manufacturing and usage. Nano-scale pastice
opposed to substance, from which they come, arng aetive
and released into the environment, including aid avaste
water, can cause serious problems, which consegsancst
be taken into account making product design, manuifig,
using and removing [1].

The main risks associated with the use of metakeiV
textile are the separation of metal
Nanoparticles can be detached from the producesult of
friction during manufacturing and usage processesilting
in pollution of environment, or inhaled by humamsaaimals.
Nanoparticles can also be detached from the tektil¢he
washing processes, thereby contaminating the sewagd
exterminate useful bacterium, causing detrimentotber
inhabitants of water reservoirs as despite of tlositiye
properties of metal coverings (antibacterial, fuaidgl,
analgesic, blood circulation-improving effect) inmall
guantities, large quantities of metal nanopartidas cause
toxicosis and pollute the environment. Results @énsive
studies carried out to investigate influences of taihne
nanoparticles on humans and environment show thetlm
nanoparticles / ions destroy species of bacterissewage
purifying systems [1] and introduced into mammaligils,
aggressive nanoparticles / ions can cause damagentitype
[2].

The article analyzes the issues related to theilisgabf
metal nanolevel coatings of textile during cleanipaying

Introduction of new,

special attention to researches on the possisilitieidentify
zinc nanoparticles presence and concentrationdareffiuent.
Detection of metal nanoparticles in fluids based the
principles of gas discharge visualization providesaluable
method for the perspective solution. In the studscloarge
visualization device (GDV camera) and accessonesiduid
analysis have been used.

I1.DEVICES FORDETECTION AND CHARACTERIZATION OF
NANOPARTICLES

Quantitative assessment of the impact of nanopestiand
adequate characterization provides a serious probier
scientists, industrial hygienists and toxicologi®anoparticle
dimensions are outside the visible light diffrantiémit, thus
in the optical microscope they are not visible, acbhcreates a
need for highly sensitive testing method.

There is a number of equipment for nanoparticlectain,
measurement and characterization in liquids, gasdssolids
[3].

None of the methods can be considered universalest,
choice of method is determined by many factorsludling
sample type, the required amount of informatiormeti
constraints and costs. Depending on the selectaibragnt
such information as number of nanoparticles, thedight,
size, size distribution, surface area could be inbth or
presence of nanoparticles in a given sample rezedniThis
type of equipment can be regarded as measuring eui.
There is also a facility for characterization ofnoparticle
chemical structure, which allows estimating the glem
composition, reactions on the surface of nanopastior their

nanoparticleg)teracuon with other sample components. This typfe

equipment varies whether the nanoparticle clustersingle
nanoparticles are analyzed [4].

Some equipment requires prior sample preparatian, b
there are also such devices, which can measuree crud
substance [5]. The required pre-treatment is proate
because the sample in preparation process can gact
decompose. Testing required quantity of the substaran
limit the choice of equipment, because, dependingtite
equipment, requires more than 1 mg [4].

When testing liquids with GDV camera, the pre-tneatt
of sample is not needed, and the size of the sarepjgred
for the analysis can be reduced to a few drops.abByn
Electrophotonic Capture (EPC) method, implemente&bV
camera, is based on the stimulation of photon dadtren
emissions from the surface of the object whilshdraitting
short electrical impulses. Emitted particles acegte in the
electromagnetic field, generating electronic avetes on the
surface of the dielectric (“sliding gas discharge™he
discharge causes glow due to the excitement of gutds in
the surrounding gas, and this glow is measuredhbyBPC
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method. When the EPC parameters are measuredqfad li
subjects, a drop of the liquid is suspended atn2a8 distance
above the glass surface of the optical window ef dievice.
The train of triangular bipolar electrical impulsafsamplitude
3 kV at a repetition frequency of 103 Hz, is appli® the
conductive transparent layer at the back side ef ghartz
electrode thus generating an electromagnetic fetidthe
surface of the electrode and around the drop. Urber
influence of this field, the drop produces a buwfelectron-
ion emissions and optical radiation light quantaha visual
and ultraviolet light regions of the electromagoetpectrum.
A spatial distribution of discharge channels is istged
through a glass electrode by the optical systerh witharge
coupled device camera. High-frequency high-voltageent
produced discharge or radiation around an objedetscted

by a digital camera in separate shots or video &brm

Radiation shape and size reflect the object pragseriThe
resulting images are analyzed by specialized so#\\& 7].
Nanoparticles detection equipment is suitable

environment in which particles are detected — fluadit or
solid. It should be noted that airborne nanopasichay be the
result of the liquid aerosol spray - nanopartickdth small
particles of liquid substances - or had elevateihupe air by
pyrolysis or other chemical or physical processndymrticle

198.4 nm

0.5nm

Fig.1. In experiment used Zn nanoparticles and #gglomerates fixation in
AFM micrograph.

for

Electrography based on GDV equipment is a comparati
method, namely standard is needed to compare thdtse
Analyzing the water, as the standart most commdiggilled
water is used, as has been done in this experiment.

detection methods and devices may also be cladsifie

according to the parameters they can calculatd) ascmass
concentration, number of the particles
concentration), specific of the surface (surfaceceatration)
or granulometric structure. Equipment connected &o
computer (on-line) or equipment without connectitm
computer (off-line) could be used [8].

Methods which are used to detect nanoparticlesatemare
based on the microscopy method, by using such stope
types as Transmission Electron Microscope (TEManBing
Electron Microscope (SEM) and Atomic Force Micrgseo
(AFM). For nanoparticles analysis Brown's motiaséd
equipment - Photon Correlation Spectroscopy
Nanoparticle Tracking Analyzer- are often used too.

The above mentioned methods differ in the requéatiple
size for measurements, the preparation technigques tiae
resulting parameter range. Microscopy techniques tame
consuming; their realization requires expensivei@gant and
skilled technical staff resulting in high testingsts. The
necessary pre-treatment is problematic as wellalse the

I11.RESEARCHMETHODOLOGY

(numerical To make sure that electrogramme parameters refioo-

scale metal particles / ions present in the wathe
deliberately contaminated distilled water with zinc
nanoparticles has been used. In three distillecemsdamples
(6 ml each) zinc oxide nanoparticle (average haotialosize 60
nm, vertical 30 nm) powder was added: 1 Zn samilé §; 2
Zn sample 0.06 g; 3 Zn sample 0.03 g. The resulhés
following concentration for each sample:

1 Zn - 1.5%;

2 Zn - 1.0%;

and 3 zn - 0.5%.

Polluted and unpolluted water were stored in locked
containers. Before electrography session bowl witter is
shaked thoroughly to disperse the sludge. Prepaater (0.2
ml) was embroiled into a syringe and a syringe dixa a
stand above the GDV camera lens. From the samelsanp
GDV static electrogrammes have been obtained. The
experiment was repeated eight times, resultindnef40 files

sample may react or decompose during the preparatiqyith the same time interval between electrogramifirésg

Photon Correlation  Spectroscopy requires
measurements to calculate the indicators.

additionghoments. Equipment test results [9] showed thaficaerftly

reliable data was needed to obtain at least 40 unea&nts

Most of mentioned before equipments and methodsatan per experimental subject. Time intervals betweere th

distinguish  between the individual

nanoparticles d ang|ectrogrammes fixation moments 3, 5 and 7 secards

agglomerates of nanoparticles, which limits theie because zpplied and 5 images (electrogrammes) are entertedtie

toxicity of nanoparticles depends on their sizehe tsize
reduction increases toxicity (Fig. 1). Both the itity of
nanoparticle agglomerates and the particular iddid
nanoparticle are greater than the equivalent-sindtle
substance toxicity.

14

program "GDV Capture".

GDV electrogramms were captured with gas discharge
visualization camera "GDV Camera Pro" with accesgsor
from the "GDV Mini-Lab" for liquid analysis. The tawas
recorded in a computer programme "GDV Capture" and
processed in "GDV Scientific Laboratory". The reisg)
parametric analysis was made by "Microsoft Exceftvgare.
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The programme "GDV Scientific Laboratory" calcukate?
parameters for each electrogramme. Major charatitsiof
the radiation are area, intensity, form coefficiant entropy.
Area and intensity characterize the object's en@agntial.
GDV electrogrammes area assessed by the numbeétetd m
image, but the intensity is the pixel brightnessornk
coefficient characterizes size of the edge indemtatof the
image (the larger form coefficient, the higher &jorbut
entropy is the measure of informativity and dewiasi from
equilibrium - it decreases, approaching equilibrium

In testing methodology methods of mathematicalisties
are used to reduce variation of key parameters@imtlicate
dependent variables, which are sensitive to metas in the
liquid.

IV.RESULTS

Electrogrammes of contaminated (Fig. a) and unpediu
(Fig. b) water show increase of area after agiditf zinc
oxide nanopatrticles in distilled water.

a b

Fig. 2. Distilled water electrogramms: a - with @zinanoparticles polluted

water, b - non-contaminated water.
. 90,00

3 shows the graph of comparative average area s/ditwe
all objects of the experiment - contaminated (1 Z&n and 3 > 8500
Zn) and unpolluted water (control), calculated from %
electrogrammes with fixed intervals 3, 5 and 7 s€so It is £ 00
seen from graphs of Fig. 3 that time intervals |leemv T B3s
electrogrammes fixation have ndaignificant influence on § 78,00 +— m5s
their average area values, while differences beatwegiants < m7s
with the different quantities of zinc oxide nandj@es in 74,00 -
solution and pure distilled water are significaat &ll three
samples - 3 Zn sample area increase compared tootiteol 70,00
water in average by 79%, 2 Zn sample - 143%, arith 1 Len £4n 3¢en Control
sample - 174%. Example designation

Taking into account that 1 Zn water sample was ddbte
highest dose of zinc oxide nanoparticles, but thénZdower
and 3 Zn smallest amount of nanoparticles, conatusibuld
be formulated: 1) average areas of electrogramkl aefiect
the presence of zinc oxide nanoparticles in déstilvater; 2)
different nanoparticles concentrations has sigaificaffect on
area values of electrogrammes. Thereby in furtheties the
area mean value is considered as perceiving pagarfighe
sample prepared for testing has been washed ifiedisvater.
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Fig. 3. Mean values of area for water polluted withc nanopatrticles and
unpolluted water.

Figure 4 shows the average intensity results for
contaminated and uncontaminated water, showing a
comparatively smaller difference between pure wate with
zinc oxide nanoparticles-contaminated water (3 Zt0%, 2
Zn - 13%, 1 Zn - 14%). As in the previous figuree tgraph
shows that the time intervals between electrograsnfixed
moments have no constitutive impact on results.

Intensity, unlike the area did not show such a pumeced
difference between the various gradations of zingde
nanoparticles volume in samples (1 Zn, 2 Zn andhy ke
difference is only 1-3%.

Fig. 4. Mean values of intensity for water polluteith zinc nanoparticles and

Figure 5 shows the average form coefficient parameor
all experimental subjects. In contrast to the aned intensity
parameters, the form coefficient shows no significa
differences between polluted and unpolluted wabaly the
samples with the highest degree of contaminationZi}
produce a small form factor growth - by 4.5%.
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Fig. 7. Area range for water polluted with zinc aparticles and unpolluted

Fig. 5. Mean values of form coefficient for watepllpted with zinc
nanopatrticles and unpolluted water.

The average entropy values (Figure 6) at the lowe

concentration (3 Zn) decreases, similar resultsalse for the
medium variant (2 Zn), while at higher concentnasiglightly
increased (1 Zn). In total contaminated water gntrchanges
compared with distilled water are relatively smalfor 1 Zn
sample it has increased by 0.6%; 2 Zn sample -edsed by
6.1%; 3 Zn sample - decreased by 5.2%.

Analyzing the results of the experiment, for eaditad

water

Comparing the results obtained in this experimett data
‘;me an equivalent experiment, which analyzes thpact of
copper nanoparticles on water parameters, washidgstilled
water with copper nanoparticles coated fabric [Bpppears
that in both cases the most sensitive are areangéees on the
nanoparticles pollution in water. After washing ttextile
detached copper nanoparticles resulted increaieeddrea by
an average of 43%, compared with uncontaminateillelis
water (Fig. 8).

package the average relative standard error has b
calculated. For contaminated water measurementavibiage
relative standard error is less than 2.75% limitt thor
uncontaminated water, it reaches 2.79%, so thata# units
have sufficient reliability.
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Fig. 6. Mean values of entropy for water pollutethvzinc nanoparticles and
unpolluted water..

Area range between highest and lowest values {F)gis
the highest for contaminated water, and it is gnowi
increasing the concentration of zinc oxide nanagag. Such
a result is acceptable, being aware that withnheease of the
area of electrogramme, there is also a greaterhititya
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Fig. 8. Mean values of area for water with copsmaparticles and unpolluted
water [5].

In experiment with copper nanoparticles coated i¢aba
greater sensitivity to metal ions presence in wakemwed the
entropy parameters - 44% compared with uncontamdhat
water (Fig. 9). By contrast, zinc nanoparticles dad lead to
persistent changes in the entropy indicators @ig.
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Fig. 9. Mean values of entropy for water with cappenoparticles and
unpolluted water [5].

In parameters of intensities in both cases thediffces are
smaller than the indicators of area, however, ipegexnent
with a copper nanoparticles increase is higher 18ig. 10),
but in experiment with zinc oxide nanoparticlesyol3%
(Fig. 4).
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Fig. 10. Mean values of intensity for water withpper nanoparticles and
unpolluted water [5].

Form coefficient parameters copper ions showedehst -
an increase compared with the control water wag ahbbut
7% [5]. While the effects of zinc oxide nanopadilin
distilled water showed only form coefficient forngple with
the highest degree of contamination - and theyoate 4.5%

(Fig.5).

V.CONCLUSIONS

The results confirm the suitability of GDV equiprhdar
textile zinc oxide coating resistance testing. Tifferences
between polluted and unpolluted water can be etedua
visually by looking at the acquired electrogrammes.

Testing of distilled water with and without zinc id&
nanoparticles, showed a significant difference letw
polluted and unpolluted water within concentratiotervals
0.5 to 1.5%, as average area values of contaminagedr
electrogrammes are more than 2.5 times higher
unpolluted distilled water area. In addition, aremlues as
indicators can recognize sample pollution intensiy the

than

same time form coefficients did not show significan
differences between polluted and unpolluted watenmay be
more pronounced difference appears at higher patiut
concentrations. As entropy indicators in this ekpent show
results under discussion, they could not usableébection of
zinc oxide nanoparticles concentration in water.

Compared to the experiment discussed in this artighich
analyzes the impact of zinc oxide nanoparticlesdastilled
water, and the previously published article, whadialyzes the
effects of copper nanoparticles on distilled watér,is
concluded that the presence of zinc oxide nanapesticause
a greater change in the electrogram areas, whitgirgéng
GDV parameters did not show such large changesinas
experiment with copper ions. It is hypotheticallyspible that
the area most accurately shows the pollution levelsvever,
to prove it, it is necessary to carry out additi@eriments.

The data presented in the article are interim tesui the
further developments of method it is necessary tmitar
water radiation changes, by adding to a water esraaller
amount of zinc oxide nanoparticles in order to datee the
critical threshold at which the differences betwegmiluted
and unpolluted water in the electrogrammes are amydr
fixed. In addition, in experiments it is required tise other
metal nanoparticles, to make comparative studiésisTit is
possible to elaborate economic and high-speed¢esiethod,
which does not require prior sample preparationVGiethod
can be used by product designers, manufacturersisard to
verify the persistence of textile metal coatingréby creating
environmentally friendly textiles with high addedlwe.
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Eva Trumsipa, Silvija Kukle, Gunta Zommere. Cinka nanodalinu ietekme uz destiléta idens par ametriem

Rakst apskaiti jautajumi, kas saisti ar tekstilmateilu metla nanodéinu parklajumu notufbu mazgSanas laik, seviku uzmaifbu veltot @tjumiem par
iesggjam konstait cinka nanodgnu klatbatni un koncenficiju notekidepos. Rtijjuma izmantota @zizlades vizualicijas ielirta (GDV kamera) un
papildaptkojums &idrumu anatzei.

DaZdu metlu nanodéinu lietojuma spektrsgul€jos gados ir strauji pieaudzis, t.sk.gaypa un majturibas prees. Galvenie riski, kas saiitar meslparklatu
tekstilmaterilu lietoSanu, ir méla nanodénu atdaiSaras no matetila lietoSanas un kopSanas ik

Zinamas metodes, kas tiek izmantotas nariodateséSanaitder, ir mikroskopijas metodes, lietojodus mikroskopu tipus & transmisijas elektronu
mikroskops, sketjoSais elektronu mikroskops un atorélsp mikroskops. Nanodiau anaizei bieZi tiek izmantotas auz Brauna kusbas apgkiniem balsitas
iekartas - Fotonu koratijas spektroskopija un Nanddau trases analizators.

Lai parliecinatos, ka elektrogrammu parametros atspojgs meila nanoimena ddinu/jonu khtbitne tidert, destitts adens apziati tika piegrpots ar cinka
nanoddinam. SaldzimaSanai izmantots nepi@aots destidts Gdens. Eksperimenta rezitlt apliecina GDV iekrtas piendrotibu tekstilmatetilu cinka
parklajumu notutbas testSanai. Tegjot destiEtu tideni ar un bez cinka nanddam, konstatta hitiska atgirtba starp piesnotu un nepiegmotu destigtu
adeni, to apliecina iago elektrogrammu laukumaditaji — ar cinka nanodaam piegrpotatdens elektrogrammu laukums ir pat akinela 2.5 reizes liaks
neka nepiedrnota destitta tdens laukums. Turkt laukuma #ditajos uzskaimi nolagima tdens paraugu d§iga piesirpojuma intensiite, kas izpauZasak
at&iribas starp pi@snototidens paraugu elektrogrammu laukuma dimemspiksdos.

Veicot papildus gtijumus, iespjams iedit ekonomisku uratrdardgu teséSanas metodi, kurai nav nepiecieSama iepgjak$araugu sagatavoSana.

IBa Tpymcnns, Cuasus Kykie. Binsinne HHHKOBBIX HAHOYACTHI] HA MApaMeTPhI JHCTHTHPOBAHHOMN BOJBI

B crathe paccMaTpuBaroTCs BOMPOCHI, CBA3aHHBIC CO CTAOMIBHOCTBIO MOKPHITHUSA METATMYECKUX HAaHOYACTUIL TEKCTHIISA BO BPEMs YMBIBaHMS, oOpamias ocodoe
BHHMMaHHE HA MCCIICJOBAHMA MO BO3MOJKHOCTH BBISIBUTH NPHCYTCTBHE M KOHIICHTPALMIO IIMHKOBBIX HAHOYACTHI] B CTOYHBIX BOJ. B mccrenoBanmm ObLIO
HCHOJIb30BAHO YCTPOICTBO rasopaspsiaHoit Busyanmsaiumu (I'PB kamepa) u akceccyapsl Ul aHaIN3a )KUIKOCTEH.

JlnanasoH NpHUIOKEHUI Pa3IMYHBIX METAUIMYECKNX HAaHOYACTHULL B MOCJIEIHIE TOABI PE3KO BO3POCIIO, B TOM YHUCIIE B OJEXKIE M TOBApOB s joMa. OCHOBHEIE
PUCKH, CBS3aHHBIE C MCTIOIB30BaHIEM METATOMOKPUTOTO TEKCTUIA, OTJCICHIE METALTMYECKIX HAHOUACTHULIBI OT MaTepuasa BO BpeMs HCIOIb30BaHUA U YXOJa.
HM3BecTHBIE CMOCOOBI MCHOJB3YIOUIMECS Ul TECTUPOBAHMS HAHOYACTUIL B BOJE, OCHOBAHBI HA MMKDPOCKOIHH, WCIOJIb3YS TAaKME THIBI MHUKPOCKOIIOB, KaK
MPOCBEYMBAIOIINI 3JICKTPOHHBI MHKPOCKOI, CKAHMUPYIOIIMI 3JEKTPOHHBII MMKPOCKON M aTOMHO-CHJIOBOM MHKpOCKON. B aHanm3e HaHowacTuiy 4acto
HCHOIB3yeTcss 000pyJ0BaHNE, OCHOBAHHOE Ha pacueTe IBIKEHNs bpayHa - ciekTpockonus Koppensiiiy (JOTOHOB M aHATM3ATOP TPACCHPOBOK HAHOYACTHIL.
Yto6bl yOenuThes, 4TO B MapamMeTpax 3JIEKTPOrpaMMOB OTPKEHO MPUCYTCTBHE METANIMYECKUX YacTull / MOHOB B BOJE, HAMEPEHHO Oblia 3arps3HeHa
JMCTWIINPOBAHHAs BOJA C HAHOYACTHLAMM IMHKA. JUIs cpaBHEHWs HCHOJB30Balach HE3arps3HEHHAs IMCTUIUIMPOBAHHAsS BOJA. Pe3ynbTarhl MOATBEPIKIAIOT
NpUrofHocTs obopynosanus ['PB B TecTHpoBaHHE YCTONYMBOCTH IIMHKOBBIX MOKPHITHAX TEKCTWIA. TecTMpoBaHME IUCTHIMPOBAHHON BOJBI C M 0e3
HAHOYACTHI] IIMHKA TMOKA3aJ0 CYIIECTBEHHOE Pa3IMyue MEXTy 3arpsS3HEHHON M He3arpA3HEHHOW AMCTUIUTMPOBAHHON BOJOM, 3TO JOKAa3bIBAacT MOKas3aTeldb U
IUIOMIAN DJIEKTPOrpamMM - IUIOIIAAb 3JIEKTPOrpaMM, BOJbI 3arps3HEHHON HAHOYACTHULIAMM LMHKA, Oojee 4eM B 2,5 pasa BbIlIe, YEM y HE3arps3HEHHOMN
JMCTWIIMPOBAHHOM Boabl. KpoMe Toro, nokasareny Iiomany HarsiHO AEMOHCTPUPYET PasIM4HyI0 MHTEHCUBHOCTD 3arpsi3HEHUsS 00pa3LoB BOJIbI, B KOTOPBIX
BBIIHBI PA3ITYUA MEXKIY pasMepaMy MIIOMAIM SIEKTPOrPaMMOB B MMUKCENAX 3arps3HEHHBIX MPOO BOJIBI.

[Tpu npoBeieHUH IOMOTHUTENBHBIX MCCIIE0BAHHI B PE3YJIbTaTE MOXKHO TOJTYYUTh SKOHOMHUYECKBINH U BHICOKOCKOPOCTHBII METO]] TECTUPOBAHMUS, KOTOPBIN HE
TpeOyeT NnpeIBapuTeNbHOI MOATOTOBKU 00pasLa.
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