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Durability Determination
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Abstract —This article reflects one development stage of the exhibits more toxicity than other metal oxide naaticles

formation process of metal coated textile quality entrol

methodology based on the analysis of sewage elegirams. The
experiment has been carried out with the help of gadischarge
visualization camera. To determine how the electrogm
parameters reflect the presence of nanoparticles invater, the
ZnO nanoparticles have been added to five distilledwater
samples in the following concentrations: 10%; 8%; &o; 4%; 2%.

According to the experiment results, the electrognahy method
can be used for textile zinc oxide coating durabtly testing.

Keywords— GDV electrography, textile testing methodology,
zinc oxide coatings on textile, zinc oxide nanopddies.

|. INTRODUCTION

Nanotechnology has gained a great deal of pubt&rést
due to the needs and applications of nanomaternataany
areas of human activities such as industry, agdtiosil
business, medicine, public health and so forth.c Zixide
(ZnO) is used in a variety of applications typigalis an
additive in a range of products including plasticeramics,
glass, cement, rubber (e.g., car tyres), lubricaptsnts,
ointments, adhesives, sealants, pigments, foodqsonf Zn
nutrient), batteries, ferrites, fire retardants,. éinc oxide is
also used in the textile industry with the aim ofproving
such characteristics of the fabric as antibactesfédct and
blocking of UV radiation.

Among new features, which can be added to traditionnanoparticle

products by means of modern technology, it is reamgsto
gain confidence that their entry into the manuféanty and
household will not cause irreversible changes wndj and
working environment. The nanoscale particles asoseg to
the substance, from which they come, are very actind
released into the environment, including air andgtevavater,
can cause serious problems, which should be takém
account in product design, manufacturing, use a&mdowal.
Despite positive effects of metal coatings, metakiquired by
living organisms in small quantities, but large wities can
cause toxicopathy and pollute the environment. mSite
research has been conducted on the metal nandpatiect
on people and the environment; for example, thdcityx
investigation of several metal oxide aqueous susipas to
Zebrafish early developmental stage has shownzih@tis the
most toxic substance to Zebrafish embryos and dar{4).
Comparing the various metal oxide nanoparticle otffen
mammalian cells, it has been found that zinc oxideses
substantial cell mitochondrial changes and necroS$ise
mitochondrial function (MTT) results have shown ttizamO

[2].

The main risks of the use of metal coated textieeralated
to the separation of metal nanoparticles. Nanapastcan be
detached from the product as a result of fricticurirthy
manufacturing and usage processes, leading to tioollwf
environment, or inhaled by humans or animals. Nartopes
can also be detached from the textile in the waspiocess,
thereby contaminating the sewage and exterminaiseful
bacteria, causing harm to other inhabitants of ieagervoirs.
To avoid these risks, it is required to use a sémfdst and
effective method for metal coated textile testing.

There are only a few methods employed for testing
nanoparticles in water, they are as follows: Micaysy
methods, Photon Correlation Spectroscopy and Naticiga
Tracking Analysis [3]. The analysed tools varylie required
sample number for measurements, preparation tasbsignd
the resulting parameter range. Microscopy methadgiire
prior sample preparation; the necessary pre-tredtme
problematic because the sample may react or decsnpo
during the preparation. Photon Correlation Spectpsg
methods require additional measurements to cakeulhe
parameters. Most of the devices cannot distinguish
agglomerates from individual nanopatrticles, whiohits their
use, because the toxicity of nanoparticles dependkeir size
— the size reduction increases toxicity. The tayi@f the
agglomerates and particular individual
nanoparticle is higher than the toxicity of the wehsubstance
of the same size. Consequently, the creation afva method

will  significantly facilitate the textile technoldgfs’
obligations, whose work is related to new mateciadation
and testing.

The operating principle of gas discharge visualtirat
i (GDV) electrography is based on the Kirlian effekigh-

frequency (1.1 kHz), high-voltage (5 kV) electricscharge
affected radiation around a living or inanimate ealj is
registered with a digital camera. GDV electrograam@esent
complex two-dimensional fractal shapes, whose aard
spectral indicators provide information about threcture and
properties of the object. The resulting imagesaaraysed by
specialised software. This approach to the imagdyais has
been implemented in software package "GDV Techriique
its base a series of programs/equipment has beatedr for
the analysis of different origin objects.

GDV camera is commonly used for medical research —
allergy diagnosis [4], diagnosis of autism [5], thetection of
changes in the characteristics of blood, energegparations,
homeopathic remedies under influence of differaotdrs [6].
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GDV camera is widely used in sports medicine —dietes’
fithness and health determination [7]. In the light the
extensive use of GDV electrography, it is necessargdapt
the method for detection of nano-level metal pbaticin
water.

Il. METHODOLOGY

For liquid testing with GDV Camera, it is requirédl use
accessories from the package "GDV Mini-Lab".
electrogram acquisition is made by GDV Capture veaife.
GDV Scientific Laboratory software provides statand
dynamic electrogramm parameter processing, ensurasge
of solutions: the calculation of numerical value fentire
picture and a single sector; the calculation ofheaample
characteristics using the
calculation; entropy and fractal
characteristics; visual analysis and comparisotis tlue initial
GDV electrograms; calculation of numeric data biofK.

GDV Scientific Laboratory software calculates 1
parameters for each electrogram. Important parameie as
follows: area, intensity, form coefficient and emy. The
most important parameter is the area — the numbeixels
with intensity, which is higher than that in filleg set noise
level [10], but the intensity is brightness of thizels. Form
coefficient characterizes the size of image edgkentations
(the larger the form coefficient, the higher inddittns are),
but entropy is the measurement of informativity alediation
from balance — it diminishes gaining the equilibmuThe
article focuses on electrogram area and intengity.the
previous study [11] it was concluded that the famefficient
and entropy of GDV electrogram did not represeset zinc
oxide concentration in water.

To determine how the presence of zinc oxide nartiopes
in the water is reflected in the electrogram paranse
different concentrations of ZnO nanoparticle powdave
been added to the five samples of distilled wakeble 1). For
comparison pure distilled water (Control) has besed.

TABLE |
CHARACTERISTICS OFEXPERIMENTAL SAMPLES

GDW

selected parameters; dtre
analysis of dymami

Before GDV electrography session, a bowl with wédtaes
been shaken thoroughly to disperse the sludge aRrédwater
(0.2 ml) has been drawn into a syringe, and a ggrimas been
fixed on a stand above the GDV camera lens. Frarséme
sample 5 GDV static electrograms have been obtaifkd
experiment has been repeated eight times, resutitige 40
files with the same time interval (5 seconds) betwe
electrogram fixing moments. In GDV camera settifig$s
ossible to enter the time interval starting frons&onds;
whereas in the previous experiments [11] it wasifbthat the
time interval did not have any significant effect the results,
and the decision was made to use a 5-second ihtegtiaeen
electrogram fixations in further experiments. Equgmt test
results [8] have shown that for sufficiently relaldata it is
fecessary to obtain at least 40 measurements perigental
subject.

During the previous experiments it was found thae t
amplitude of the results increased [11], [12]. ThBowing

20055ib|e causes of increased fluctuations were iored:

electromagnetic radiation from the computer andeoth
equipment located in the venue of experiment, dt agethe
static electricity resulting from the operator'sthing friction.

In order to reduce them, in the present experiraarantistatic
wristband has been used, and water samples hawveshtzed

in metal containers, thereby isolating them from
electromagnetic radiation.

GDV electrograms have been fixed with gas discharge
visualization camera "GDV Camera Pro", using acméss
from the GDV Mini-Lab for the liquid analysis. Thiata has
been recorded in the GDV Capture software and gssukin
GDV Scientific Laboratory, which automatically calates 12
parameters for each electrogram. The parameteysasdias
been performed in Microsoft Office Excel softwafe. create
the testing methodology, mathematical statisticathods
have been used in order to reduce the variatiortheimain
parameters and enable the distribution of the digrEn
variables that react to metal nanoparticles inlithgd. In the
process of electrogram analysis, for each paramtter
following statistical indicators have been calcetht the
arithmetical mean, variance, standard deviatiomyesand the

Sample designation | ZnO concentration Size of ZnO average relative standard error.
(Wempg, %0 nanopatrticles, nm
Zn2A 10 48 - 58 Il. RESULTS
Zn2B 8 48 -58 Electrogram area and intensity acquired in the et
Zn2C 6 48 - 58 are summarized in Table 2.
Zn2D 4 48 — 58 TABLE II
Zn2E 2 48 - 58 IMPORTANT INDICES OFGDV ELECTROGRAMAREA AND INTENSITY
Control 0 Sample ZnoO Average relative | Average relative
designation concentration, %| standard error of| standard error of
ZnO nanoparticle concentration is expressed irptms of area, % intensity, %
mass (1): Zn2A 10 1.02 0.51
Zn2B 8 0.94 0.53
M, pa Zn2C 6 0.66 0.44
Wempa = ' @ Znpo 4 1.23 0.32
mcmpd + mslvt
Zn2E 2 1.23 0.47
wheremgm,q— the mass of the substance amg;— the mass| Control 0 1.87 0.42

of the solvent.
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Average relative standard error for any data paekdoes
not reach 2%, which means that the representatfithe all
data is considered to be excellent. In generaltHerintensity
a lower relative standard error level is less th¥n

By performing the data analysis of selection, it leeen
concluded that a straight line best describes thmsets
“Area-concentration” (Fig. 1) and “Intensity-conteation”

(Fig. 2).
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Fig. 1. Arithmetic mean of GDV electrograms and ttescriptive lines of
relationship “Area-concentration”

Based on the values of the coefficient of detertiona it
can be concluded that linear regression model iesc82.3%
changes in the area and 95.6% of changes in taesity. The
F-testp-valueis 0.002<0.05 for the area and 0.0007<0.05 f
the intensity; it means that with 95% probabilityconfirms
the hypothesis that between features “Area-conagoir’ and
“Intensity-concentration” there is a linear relaship.
Whereas the hypothetical test val@e0 does not belong to
the interval 205.853,>88.23 (area) and 1.88,>0.56
(intensity), then with probability of 95% the nuilypothesis
can be rejected and assumed that the changes éertoation
are an important factor that affects both the arehintensity.
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Fig. 2. Arithmetic mean of GDV electrograms ané tlescriptive lines of
relationship “Intensity-concentration”

The average arithmetic results (Fig. 1, Fig. 2)vshbat
with the increase in the zinc oxide concentratiordistilled
water, the GDV electrogram area and intensity @iscease.
By adding the smallest amount of zinc oxide (2%je t
electrogram area increases rapidly, but startinty wWie 4%
threshold, the area increases practically linea@ymilar
results are also for the intensity. The area graatshown in
Fig. 3 — by adding zinc oxide nanoparticles toillst water,
the electrogram area is increased by 63% in relatiothe
Control water. Among the other samples there are sao
pronounced differences (5-13%). It means that thaVG
camera reacts very sensitively to the presencdanaf axide
nanoparticles in distilled water, which in turn apaip a wide
range of possibilities for metal coated textile tites
methodology development, because it is importaat ith the
measurement results directly reflect the lower eotrations,
thereby identifying the smallest amount of ZnO sefel
from the fabric.
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Fig. 3. Percentage changes in the area relatédet@oncentrations of the
samples.

Less pronounced differences have been observedhein t
intensity indicators (Fig. 4), the intensity diféeiIce between
the Control and the lower of the concentrationsZaD is
3.7%; among the other samples there is even smaller
difference (0.6—2.5%). The intensity is less susbkpGDV
characteristic to zinc oxide concentration changes.
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Fig. 4. Percentage changes in the intensity kkateéhe concentrations of the
samples.
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Fig. 5 shows the percentage of interdecile rangelation
to the arithmetic mean. Obviously, the greatesttélations are
observed in Control water (31%) and water samplits the

TABLE llI

CHARACTERISTICS OFEXPERIMENTAL SAMPLES AND STATISTICAL
INDICATORS[11]

lowest ZnO concentration. Also in the previous eXpents, | Sample designation 12Zn 27Zn 327Zn Control
increased fluctuations of measurements were obd€iVE. | zno concentration, % 15 1.0 05 0.0
To prevent them, in this experiment an antistatiistvand | ;¢ of zno nanopartictes, | 50 o0 | 3060 30-6d -
and a metal container for water storage have bsed.urhe | nm
description of the experimental samples is sumradrim :
p p p Average relative standard | ,, g 230 177 175
Table 3. error of area, %
Average relatiye standard 0.92 0.81 0.91 0.61
error of intensity, %
Control 31%
< 7noE By comparing both experiments, not only the diffexe in
-] . . . . .
£ amplitude is observed, but also different typesiescriptive
s . . . .
> Zn2D functions — the polynomial model of non-linear eggion
% Zn2C suits best the previous experiment (Fig. 7, Fig. 8)
5
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Fig. 5. Percentage of interdecile rangg)(for GDV electrogram area: < 1000 1»"/
experiment with ZnO concentration of 2-10%. 085
- . . . - . 500 1
By comparing the experiment analysed in this atilig.
5) and the previous experiment (Fig. 6), it carséen that the . ‘ ‘
dispersion diminished: in this experiment intertieci 0 [;’50 rati :;., 19
amplitude ranges from 9% to 31%, but the previou N concentration,
experiment it was 26-49%.
Fig. 7. Arithmetic mean of area and the descriptpolynomials for
experiment with ZnO concentration of 0.5-1.5%.
Control . . . .
To estimate the regression equation, a new varigthas
c . ..
2 been introduced. Based on the values of the detetion
o} . . . .
g 34 coefficient, it can be concluded that the polyndmégression
3 model describes 100% the changes of area and iitytefibe
2 om 49% F-testp-valueis 0.005<0.05 for the area and 0.02<0.05 for the
E intensity, it means that the regression equatiatissically
o - significantly explains the changes in the perforogan
’ indication. Whereas, the limits of the confidencgeival
0% 10% 0% 30% 0% 0% 0% (1931.2&4,>1412.74 and —211.152,6’_22—542_.44 (area);
Interdecial range, % 243%121089 and '3@22'1163 (IntenSIty)) dO not
include hypothetical values,;=0 and p,=0, and the
Fig. 6. Percentage of interdecile rangg)@or GDV electrogram area: correspondingp-values are less than 0.05 (0.01 and 0.02

experiment with ZnO concentration @f5-1.5%.

According to the interdecile range, the averagetinad
standard error was 1.75-2.30% in the previous @xeeit
(Table 3), but in this experiment it is just 0.668B71% (Table
2).
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Fig. 8. Arithmetic mean of intensity and the dgstere polynomials for
experiment with ZnO concentration of 0.5-1.5%.

Comparison of both experiments has shown that\ibeage
values of the area do not form a single graphicesgmtation
— for ZnO concentration of 1.5% the average are26i2
pixels (Fig. 7), but for the ZnO concentration oD% the
average area is smaller (1891 pixels — Fig. 1),tbslould be
larger. This is explained by the fact that in easiperiment
zinc oxide nanoparticles of different origin andeshave been
used (Table 1 and Table 3).

IV. CONCLUSIONS

This article partially describes the developmentcpss of
the metal coated textile testing methodology. lis trticle
main attention has been devoted to the detectiainofoxide

from the textile in the washing process is usuamall.
Changes in the intensity affected by zinc oxide sweller
than the changes in the area (0.6—3.7%).

In the previous experiments, one of the main proklevas
the large amplitude fluctuations of measurementsprievent
these fluctuations, in this experiment an antistatristoand
for static electricity grounding and metal contaméor the
storage of water samples have been used to pred@aples
from the electromagnetic radiation generated byctetal
devices. The comparison of the results of the pmtese
experiment with the results of the previous experita has
shown that the total range of amplitude fluctuationas
decreased. Consequently, the aforementioned peactin be
used to stabilize the results.

The results of both experiments have shown that the
character of the area and intensity relations diffe terms of
particle concentration range — if the concentrattosmall (up
to 2%), connection between corresponding values of
concentration and area/intensity is non-linear ature; if the
increase in the nanoparticle concentration is abi2g the
relationship approaches the linear character. poissible that
the certain effect is also caused by such nanaparti
characteristics as different origin and dimensidhsrefore, it
should be taken into consideration when creatingagraphs
for assessment of nanoparticle concentration.
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Eva Trumsina, Silvija Kukle un Gunta Zommere. Tekstilmaterialu cinka oksida parkl ajuma noturibas teséSanas metodikas tehnolgiska izstrade
Nanotehnolgijas ir ieguvuSas lielu publikas interesi, pateiestto pielietojumam dadas nozags, ki, pientram, mpniedba, lauksaimniaba, meditma,
sabiedibas veseba u.c. Cinka oKds tiek lietots artekstila industrg, lai pieirtu izstradajumiem &dasipa3bas k antibakterdla aizsardma un ultravioleto
staru blgeSana. Sis raksts ataino vienu posmu nogjaspmetlparklatu tekstiimateilu kvalitites kontroles metodikas izaties procesa, kas balat uz
tekstilmaterilu mazgSanas procasaduSos notaidenu elektrogrammu arii. Eksperiments veikts, pielietojoizjzlades vizualizcijas kameru un speciadiz
programmu paketi, &af matenatiskas statistikas metodes. Lai noteiktd, délektrogrammu parametros atsplugas cinka oksla nanodinu klatbatne adern,
pieciem destiita idens paraugiem tika pievienots ZnO narigaiapulveris sekojaskoncenticija: 10%; 8%; 6%; 4%; 2%. Eksperimenta rezilpierada, ka ar
cinka oksda nanodfipam piegirpota destita idens elektrogrammu parametri ir frozgi palielingjusSies sabzinajuma ar kontrolesideni. Straujais laukuma
pieaugums, pievienojot destiim tdenim cinka ok&la nanodinas (par 63% attiglea pret kontrolesadeni), apliecina GDV elektrogiijas potencilu
metlparklatu tekstiimaterilu testSars. Tekstilmaterilu me&lu parklajumu testSara ipaSi svaigi, lai merjjumu rezulitos atspogiotos tieSi zerkas
koncentécijas, jo nano mata daudzums, kas atdalno izstidajuma mazgSanas procas parasti ir nelielslNemot \era eksperimenta rezialtus, var secidt, ka
elektrogafijas metode ir pielietojama tekstiimat#t cinka oksda mrklajuma notutbas testSanai. Turprikos Etijumos fkoncentgjas uz cinka oksla
parklajuma notutbas testSanu, anal&got ar cinka ok&lu parklatu tekstilmateilu mazgiSanas procasradusos noteldeyu elektrogrammas, kas, i€gms,
radis nepiecieSarbu korigét rezultitus.

Jpa Tpymcuns, Cuasus Kykiae, I'yuta 3ommepe. Texnojormueckoe pa3BHTHe MeTOJOJIOIMH TeCTHPOBAHUS /sl ONpeleIeHUs] YCTOHYHMBOCTH
MOKPBITUS OKCH/IA HUHKA HA TEKCTHJIe

HanotexHonorus npuodperna 60bII0i 00IIECTBEHHBINH HHTEPEC U3-3a IPUMEHEHUSI HAHOMATEPHAIOB BO MHOTUX O0JIACTSIX YENOBEUECKOM IEATeIbHOCTH, TAaKHUX,
KaK MPOMBILIIICHHOCTD, CENbCKOE XO3SHCTBO, OM3HEC, MEIHMLMHA, OOIICCTBEHHOE 3paBOOXPAHEHUS M TaK Jajee. B TEKCTUIBHOH MPOMBIIIICHHOCTH OKCHJ
LHKAa UCIHOJIb3YETCsl C LENbI0 YIYYIICHUS] TAKUE XapAaKTEPUCTHKU TKaHM KaK aHTHOAKTEpHalbHas 3alUTa M OJOKUpOBaHHE yibTpaduoneroBoro cera. B
HACTOSIIEH CTaThe OTPa)KCHA OHA CTAIMs Pa3BUTHs OOLIETO mporecca GOpMHPOBAHUS METONOJNOTHU 1O KOHTPOJIO KaueCTBa TEKCTWIIS C METAJUIMUECKHM
MOKPBITHEM, KOTOPBIH OCHOBaH HA aHalM3€ O3JIEKTPOrpaMM CTOYHBIX BOA. ODKCIEPHUMEHT OBbUI NPOBEOCH C HCIOJb30BAHHEM KaMephl Tra30pa3psaHOM
pusyammsauun ([PB), Mcrnons3ys maker CHENMain3upOBAHHOTO MPOTPAMMHOIO OOECIICYEHMsS] M METOIbl MaTeMaTHYeCKON CTaTHCTHKH Ul pa3pabOTKU
METOJIOJIOTHH TECTHPOBaHMs. UTOOBI ONpeNeNuTh, KaK MapaMeTphl AJIEKTPOrPaMM OTPAKAOT MPUCYTCTBUE HAHOYACTHUI] B BOJE, HAHOYACTHUIILI OKCHIA LIMHKA
ObUTH 100ABIICHBI B ST 00PA3LOB TUCTHUIMPOBAHHON BOJIBI B cieayrouux koHueHTpauusx: 10%; 8%; 6%; 4%; 2%®e3ynbraThl SKCIEPUMEHTA MOKA3bIBAIOT,
YTO MapaMeTpbl dJIEKTPOrpaMM AUCTHIUIMPOBAHHOW BOIBI, 3arpsA3HEHHOH HAHOYACTULIAMU OKCHJAA IMHKA, 3HAUMTEIBHO YBEJIMYUBAIOTCSA IO CPABHEHHIO C
KOHTPOJIBHOM BOA1O#. BhicTphIii poct ruiomianu snekrporpamm (63% 1o OTHOLICHHMIO K KOHTPOJIBHONM BOJE) Mocie No0aBICHUS HAHOYACTHI] OKCHAA LMHKA B
JMUCTUIUIMPOBAaHHOW Bone monaTBepkaaet noteHnuan ['PB amextporpaduu B TecTHpOBaHME METAJUIONOKPHITOTO TEKCTHIS. B TecTupoBaHHME TEKCTHISL C
METAJUTMYECKUM TOKPHITHEM OCOOCHHO BaKHO YTOOBI B PE3yJbTAaThl U3MEpPEHHs OBUIM OTPaKEHBI OCOOCHHO Oolee HU3KHE KOHIEHTPALUH, MOTOMY 4YTO
KOJIMYECTBO HAHO MeTajuia, KOTOPBIH OTAEISIETCS OT TEKCTHIIS B TPOLIECCE MPOMBIBKH, 00bIYHO Mall. [1o maHHBIM pe3yJbTaToB IKCIIEPHMEHTa MOXKHO CHCTATh
BBIBOJI, uTO MeTox I'PB anekTporpadguu MOKeT UCTIONB30BATHCS I TECTUPOBAHHS YCTOHUYUBOCTU TOKPBITHS OKCHIA [IMHKA B TEKCTHIBHON MPOMBIIUICHHOCTH.
Bynymue vccnenoBaHus JOKHBL ObITH COCPEOTOUEHBI HA TECTUPOBAHUH YCTOMYMBOCTH TOKPBITHS OKCUA IIMHKA, aHATM3UPYS HJICKTPOrPaMMbl CTOYHBIX BOJI,
MOJyYEHHBIX B HPOLIECCE MBIThSI TEKCTHJISA, YTO MOXKET BBI3BATH HEOOXOJUMOCTh YTOUHHTH PE3yIbTATHI.
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