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Metal Coated Textile Testing with GDV Method:
Raw Material Influence on the Parameters of GDV
Electrograms
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Abstract —The aim of the experiment under examination is to
find out the effect of fibres and textile processig products
separated in the textile washing process on the pameters of
GDV electrograms, as well as the durability of metacoating,
depending on the type of used textile material (pgéster, viscose
or wool). The obtained results have confirmed that He most
sustainable copper nanoparticle coating is formed ro the
polyester fabric, but the lowest coating — on theiscose fabric. It
has been concluded that the fibres and textile fishes separated
from the fabric also influence the parameters of GN
electrograms.

Keywords — copper, GDV electrography, nanotechnolag
textile.

|l. INTRODUCTION

Nanotechnology has gained a great deal of pubterést
due to the needs and applications of nanomaternataany
areas of human activities such as industry, agdtiosil
business, medicine, public health and so forthidter metals
are used in textile nanocoatings to obtain produgith
healing properties.

Copper has been used through the ages to alleviaeety
of health related problems, on all continents am@ughout
most cultures. The anti-bacterial and anti-fungalpgrties of
copper have been recognized since ancient timegpetas
necessary for the formation of red blood cells ader
components of the blood system, and for the heajtbyth,
development, and maintenance of bone, connectssudi
brain, heart, and many other body organs. Coppewvaved
in the formation, synthesis, and release of lifstaiming
proteins and enzymes, which produce cellular eneagulate
body functions such as nerve transmission, bloandtticy,
oxygen transport, and stimulate the immune systerfight
infections, repair injured tissues, and promotdihgaCopper
also functions to neutralize free-radicals, which anstable
oxygen by-products that are formed as a resulbafal body
processes or exposure to environmental pollutants Gan
cause severe damage to cells [1].

Current research shows that elevated levels of @oppe
found in the blood plasma of individuals sufferiffpm a
variety of diseased conditions, including arthritancers,
diabetes and cardiovascular diseases [2]. The gatnge for
patients suffering from wounds of various kinds. e3é
findings suggest that the redistribution of coppéthin the
body is a natural occurrence, playing a significaé in the
body own healing response
physiological stress. Based on these findingsad ow bee

suggested that copper complexes have additionaicmat
properties that are fundamental to the healing gu®c
Chelated copper complexes have been approvedrfamder
of anti-inflammatory oral medications and coppertatfie-
organic complexes have been used successfully dat tr
arthritis and other chronic degenerative disea3ks [

Modern farming methods have depleted the soils of
essential micronutrients, and food processing ¢sdign
eliminates any residual nutrients that may stiljppesent. The
human body cannot generate a copper by itself, ustnbe
provided with water, food, skin contact or inhalati It has
now been recognized that copper deficiency is béagpm
serious health concern in all countries and allgrgeips.

Symptoms of copper deficiency include general weagkn
impaired respiration, skin sores, decreased imnfunetion,
elevated LDL cholesterol and reduced HDL cholestero
absorption. Copper deficiency may play a role in
arteriosclerosis and aortic aneurysms; it affectse t
cardiovascular system, causing extensive damagjeetbeart
and arteries and can cause early greying of theahali loss of
skin colour as the pigment melanin is copper-depenf].

Copper also provides protection against the geopgettic
zones and the electromagnetic radiation generatedhé
electrical devices (mobile phone, computer, e#].) [

Despite positive effects, the copper is a heavyamet
required by living organisms in small amounts, butiarge
amounts it causes a lower or higher degree of pigoand
becomes pollution in sewage. The main risks of ube of
metal coated textiles are related to the detaclohgnetal
nanoparticles from the material during use. As sulteof
friction, nanoparticles can be detached from thedpct and
thus end up in the air, pollute the environmentinbaled get
into the human or animal body. Nanoparticles caddtached
from the textile during washing, thus polluting tvater and
causing harm to living organisms in it. Therefoaesimple,
fast and effective method for metal coated textdsting is
required.

The number of methods used in the testing of natiofes
in water is not large; they are as follows: Micragg methods,
Photon Correlation Spectroscopy and NanopartickecKing
Analysis [5]. The methods vary in the measuremestsired,
sample quantity, preparation techniques and theyeraof
acquired parameters. Microscopy techniques reqpiier
sample preparation, but required pre-treatmentablpmatic

to diseased states a%cause the sample can react or decompose during
n preparation. For the photon correlation spectrogaopthod,
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additional measurements are necessary to calcagt®f the
indicators. Most of the equipment cannot distinguigtween
individual nanoparticles and agglomerates of nartupes,
which restricts their use because the toxicity afiaparticles
depends on their size (the decreasing size incseaseity).

testing methodology, as well as the durability afioparticles,
depending on the type of textile material.

TABLE |
CHARACTERISTICS OFSAMPLES

Toxicity of the agglomerated nanoparticles and vitial . . —

. .. .. Sample Material Coating Particle size of
nanoparticles is higher than the toxicity of theolehsubstance| gesignation the coating (nm)
of equglent size. As a res_ult of new te_st|f1g rad#) |t_W|II 71 100% polyester
bg possible to red_uce tex_tlle technol(_)glsts wossagiated A 100% polyester | _copper 5070
with the new material creation and testing.

Gas Discharge Visualization (GDV)electrography | 18 100% polyester | copper 60-70
operating principle is based on the Kirlian effegtigh- | 72 100% viscose
frequency (1.1 kHz) high-voltage (5 kV) current guoed | 7-2A 100% viscose copper 60-70
discharge or radiation around an object (humarmahbody | 7-28 100% viscose copper 60-70
parts, plant, inanimate object or liquid) is dedelcby a digital | 7.3 100% wool
camera. GDV electrograms represent complicated tN?_-3A 100% wool copper 60-70
dimensional shapes, whose area and spectral p 38 100% wool copper 5070

provide information about the structure and prdpsrof the
object. The resulting images are analyzed by tlexiafized
software.

GDV camera is the most widely used in medical ssidi
allergy diagnosis [6], the diagnosis of autism [Hr the
detection of changes in the characteristics ofidigulike
blood, energetic preparations, homeopathic remedreger
influence of different factors [8]. GDV camera isdely used

In the experiment, three different textile materibhve bee
used: polyester (PES), viscose and wool fabricré&aristics
of the samples are summarized in Table 1. To crea@pper
coating on the fabric, magnetron sputtering tectl which
lasts for 60 seconds, has been used.

Each sample size is 70 x 90 mm, water for one sampl

washing is 60 ml. Samples without copper coatingehaeen

in sports medicine — for athletes’ fitness and thealyiso washed, and Fig. 1 demonstrates the coloterelifce
determination [9]. In the light of the extensiveeusf GDV  petween pure distilled water and the washing waftsamples
electrography, it is necessary to adapt the metfwd 7.1, 7-2 and 7-3. It means that in the washing gssdifferent
determination of textile nanometal coating durdili particles separate from the clothing. Water colousamples
changes, washing samples 7-2 and 7-3 (in partictiay;
these samples are from natural fibres — viscosenaudl

Nanometal coated textile durability testing has rbee_
performed by washing textiles in distilled watemdathe :
acquired water samples have been tested by Gasdbige
Visualization camera (GDV camera Pro), using eqeipm
from GDV Mini-Laboratory for the liquid analysis.h& data
has been recorded in “GDV Capture” software ancessed
in “GDV Scientific Laboratory” software. The analg of the
parameters has been performed in “Microsoft Officeel”
software.

“GDV Scientific Laboratory” software has calculaté@
parameters for each electrogram. The most significa
parameters have been as follows: area, intensibyn f
coefficient and entropy. In this article, electraigr area and Fig. 1. Pure distilled water (the first bowl frothe left) and the washing
intensity have been analysed, because in the pewtudies water from samples 7-3, 7-2 and 7-1
[10] it was concluded that the electrogram form fficient
and entropy did not represent changes in the comtEm of By washing samples in distilled water for 5 minutes
metal nanoparticles in water. GDV electrogram aiga Copper coating partly separated from the samptesdicated
assessed by the number of pixels in the image, that by both the sample coating changes (Fig. 2) andwter
intensity is the pixel brightness [11]. colour changes from clear, translucent to muddy.pindging

In the process of experiment, for each parameter tiy the pictures, it is likely that in the washingopess
following indicators have been calculated: the hamigtical nanoparticles mostly have separated from viscasecfgFig.
mean, variance, standard deviation, range and veeage 2 (d)), least of all — from polyester (Fig. 2 (b)).

Il. METHODOLOGY

relative standard error.

The aim of the experiment has been to find outettfiect
of fibres, dyes, and other textile processing potelseparated
in the textile washing process on the parameter$bl

For comparison pure distilled water has been used

(designation — Control). Before GDV electrograpkgson, a
bowl with water has been shaken thoroughly to d&spédhe
sludge. Prepared water (0.2 ml) has been drawrairstgringe

electrograms, and how it affects the structure ofeptial and a syringe has been fixed on a stand above ¥ G
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camera lens. From the same sample, 5 GDV stafitquipment testing results [12] have shown thastdficiently
electrograms have been obtained. The experimentobas reliable data it has been necessary to obtain adt 140

repeated eight times, resulting in 40 files witk #ame time measurements per experimental subject.

interval (5 seconds) between electrogram fixing reots.

smallest inaccuracy in the experiment may causensistent

@

(b)

(©

(d)

(e)

®

Fig. 2. Sample images: (a) the samples 7-1, 77318 before washing; (b) the samples 7-1, 7-1AB7after washing; (c) the samples 7-2, 7-2A, 7-2iote
washing; (d) the samples 7-2, 7-2A, 7-2B after wagh(e) the samples 7-3, 7-3A, 7-3B before wash{f)ghe 7-3, 7-3A, 7-3B after washing.

. RESULTS

The main results of the experiment are summariaédble
2. As you may see, the area results are appropriatthe

smallest area is for control water, slightly highesults are for | wmaterial

uncoated textile washing water (7-1, 7-2, 7-3), drahighest

results are for textile materials coated with capp
nanoparticles.

While the results of intensity are not stable adeécmate,
for example, washing water of polyester and wodiritss | polyester

coated with copper (7-1B and 7-3B) has shown lomgsults
than uncoated samples.
In general, the differences between the resultsthef

intensity are relatively small; 3 units provide tighest | viscose
results (between samples 7-2 and 7-2A, 7-2B; addavden 7-
3 and 7-3A). Since the differences are so small,isit
comparatively difficult to get persistent resulbgcause the

results.
TABLE Il
RESULTS OF THEEXPERIMENT
Designation Area Intensity
- Control 1038 79
7-1 1463 81
7-1A 1767 81
7-1B 1520 79
7-2 2035 84
7-2A 2486 87
7-2B 2359 87
7-3 2248 85
7-3A 2628 88
Wool 7-3B 2568 84
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For all of the analysed data blocks, the meaative
standard error has been calculated. For any dataleaes the
mean relative standard error does not exceed 1.52%.
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Fig. 3. Differences between the mean areas ofr@owater and water after
untreated fabric samples washing

Figure 3 summarizes the results for individual otgeof
experiment: all the water samples, in which texfilee of
copper nanoparticles has been washed (7-1, 7-2, TaS8e a
greater area than the control water. It means thlaen
washing fabrics in distilled water, not only nandjzdes of
metal coating separate but also other particleschwhffect
the GDV electrogramm parameters. It confirms bdtle t
observed water colour changes (Fig. 1) and theirodta
results. Hence, it follows that developing the iteximetal
coating durability testing methodology, it is nesay to
choose water (as Control water), in which the texdample
without metal nanoparticle coating was washed, tpare
distilled water.

Polyester
2000 -
1643
’;\ 1600 - 1463
£
§ 1200 - 1038
=
£ 500
e
2
- 400 -
- T T 1
Control ‘Without copper With copper n/p
n/p

Fig. 4. Washing water of polyester fabric compace@ontrol

To compare the area results of the samples withnatind ut
the presence of copper nanoparticles, the aritibalatiean of
the samples 7-1A and 7-1B; 7-2A and 7-2B; 7-3A @n8B
has been calculated. Fig. 4 shows the relationséigween the

between the Control and the water, in which thei¢abithout

difference between the uncoated and coated tewtighing
water is 180 pixels.

110

Fig. 5 shows a similar comparison for viscose fabri
samples: the difference between the Control andpkam
without copper nanoparticle coating is 997 pixdisit the
difference between washing water of bare and coatebse
fabric samples is 388 pixels. Thus, more nanogestibave
separated from the viscose fabric, because bettieecoated
and uncoated fabric a greater difference has beaen

comparison with polyester.
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Fig. 5. Difference between the mean areas of obmtater and water after
copper treated viscose fabric sample washing.

Figure 6 shows the comparison of washing water @flw
fabric and Control; as a result of the comparidohais been
found that between Control and fabric without cappe
nanoparticles there is difference in 1209 pixels, lbetween
the bare and coated fabrics the difference in timber of
pixel is 350. Thus, fewer nanoparticles have detddrom the

wool fabric than from viscose.
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Fig. 6. Difference between the mean areas of obmtater and water after

copper treated wool fabric sample washing

_ TN Figures 4, 5 and 6 display the data, which confitimes
Control and washing water of polyester fabric: thierence hypothesis expressed by analysing Fig. 2: nanapesti

mostly have detached from the viscose fabric, dast of all —
metal coating has been washed, is 425 pixels, bat tfrom polyester.
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IV. CONCLUSIONS

Comparing data, obtained from three different texti 1-

materials, it is concluded that the most sustamat@pper
nanoparticle coating is formed on the polyesteri€alibut the
lowest resistance of the copper coating is on ibeoge fabric.
On the wool,
nanoparticles also forms, using the magnetron epuog
technology. From the acquired results it can beclemted that
the synthetic textiles provide better adhesion oétah
nanoparticles to the material.

Analysing the information obtained in the courdetloe
experiment, it
nanoparticles that detach during the washing, bstb #he
fibres and textile finishes separated from the iGaffect
GDV electrogram parameters.
methodology for testing metal coating durabilitytbe textile,
it is necessary to choose distilled water (as @dntin which
the textile without metal coating was washed, thame
distilled water. Table 3 displays the calculatioaguired for
testing methodology: from the obtained measuremaerits
similar samples the arithmetic mean is calculafieximn which
measurements of the samples without the nanopadating
are subtracted. The resulting difference is the amof
nanoparticles really existing in the water, expeelsie the area
pixels.

TABLE Il
GDV ELECTROGRAM AREA
Polyester Viscose Wool
Area, pix Area, pix Area, piX
7-1A 1767 7-2A 2486 7-3A 2628
7-1B 1520 7-2B 2 359 7-3B 2568
Average 1644 Average 2423 Average 2598
7-1 1463 7-2 2 035 7-3 2248
Difference 181 Difference 388 Difference 350

To determine the number of weight units correspogdo
the number of pixels in the electrogram, it is reseey to add
powder of copper nanoparticles to distilled waterdefined
guantities, which in turn will be made in subsequsmses of
the methodology development. The result will beea of
nomographs, where concrete weight of metal naniopest
corresponds to the particular number of pixels.
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Eva Trumsina, Silvija Kukle, Gunta Zommere. Mefalparkl atu tekstilmaterialu testeSana ar GDV metodi: izejmaterala ietekme uz GDV
elektrogrammu parametriem.

Varaarstnieciskis ipa3bas ir zimmas vigs kultiras, & antibakterila un antifungidda iedarbiba tiek izmantota kop$ seniem laikiem. Neskatatepozitvajam
ieteknem, tonEr jaatceras, ka var$ ir smagais Aigt kas dwiem organismiem nepiecieSams mazos daudzumodielist daudzumos izsauc na@s vai
lielakas pakpes saineéanos, noik ka piesirpojums notekdeyos. Lai tas nenotiktu, ir nepiecieSama vi@shk,atra un efeldva metodika tekstilmateaiu meglu
parklajumu testSanai. Rakat analizta eksperimenta @mkis ir noskaidrot, kdu ietekmi uz GDV elektrogrammu parametriem aatstazgiSanas laik no
materkila atdaijusas &iedras, kiisvielas, smites un citi tekstilmatalti apstides fdzeli un ka tas ietekra potencilas testSanas metodikas straikti, ka af,
vara nanodinu notutba atkaiba no pielietoid tekstilmaterila veida. Eksperimeatizmantoti tts atgirigu izejvielu tekstiimatesli — poliestera (PES), viskozes
un vilnas audums. Varaagklajuma izveidoSanai uz tekstilmat@e lietota magnetrona uzpuianas tehnofgja, kas ilgst 2 sekundes. 8#inot datus, kas
iegati no trim at¥irigu izejvielu tekstilmatefliem, seciiats, ka visnotugakais vara nanodau parklajums veidojas uz poliestera auduma, bet vigikam
notufiba ir uz viskozes audumagd§ briza rezulitiem var spriest, ka sigtiski tekstilmaterili nodroSina labku metila nanodénu pielipSanu pie mateiia.
Analizgjot eksperimenta gaitieguto informaciju, secirats, ka GDV elektrogrammu parametrus ietékme tikai meila nanodéinas, kas atdgu&s mazgSanas
laika, bet af no tekstilmatetila atdafjusas &iedras un apdares matdti Tas nozmg, ka, veidojot metodiku maparklatu tekstilmatetilu parklajuma notutbas
testSanai, par kontroligjzvélas nevis irs destiéts adens, bet desdls tdens, kud mazdits attieggais tekstiimatefiis bez metla nanodéinu parklajuma. Lai
noteiktu, cik lielai svara vigbai atbilst konkgtais pikséu skaits atla, nepiecieSams pievienot vara nariagapulveri destidtamudenim noteiktos daudzumos,
kas savuit tiks veikts turprakos metodikas izsides etapos. Rezati tiks izveidotas nomogrammas, kur noteiktam GD\kietgrammu laukuma pikge
skaitam atbilst konkits mesla nanodénu svars.

9pa Tpymcuns, Cuasus Kykie, I'yvata 3ommepe. TecTupoBaHue TeKCTHIIS, IOKPBITOro MeTa/llioM, Meroaam I'PB: Biusinue HCX0JHOT0 MaTepHasIa HA
napametpsl I'PB a1ekTporpamm.

AnTHOaKTepHaNbHBIA U aHTUQYHTHIUIBIA 3(Q(hEeKT Menu HCIONb30Balcs C APEBHUX BpeMeH. HecMOTps Ha MO3UTHBHOE BO3ZeiicTBHE, CIEAyeT MOMHHUTH YTO
Me/lb - METa/Ul TSDKENBIA, B KOTOPOH JKMBBIC OPTaHM3Mbl HYXIAIOTCA B HEOOJBIIMX KOJNMYECTBAX, B OONBIINX KOJIMYECTBAX OH MOXKET CTaTh IPUYMHON
OTpaBIICHHS WU 3aTPs3HEHUS CTOKOB. [10 9Toi npudunHe HyKeH MPOCTOH, OBICTPHIi U 9 ()EKTUBHBII METO/ HCTIBITAHUS TEKCTUIIS C TOKPBITHEM U3 HAHOMETAllIa.
Llens cTaThbU - BBIICHHUTH C IOMOIIBIO DKCIEPUMEHTA, Kakoe Bo3zeiicTBue Ha mapaMerpsl I'PB aiekTporpaMM OKa3bIBaroT BOJIOKHA M HPOXYKTH 00pabOTKH
TEKCTHJIBHOIO MaTepuasa, OTIEIUBIINIICA BO BpEMsI MbIThs MaTepuaa, U Kak 3TO BIMSIET HA CTPYKTYpPY HOTEHIHAILHON METOJO0JIOTUH TECTUPOBAHUS, a TAKXKE
YCTOHYMBOCTh HAHOYACTUIL B 3aBUCUMOCTH OT TUIIA TEKCTUJILHOIO MaTepHana. B skcrepuMeHTe HCHOMb30BANNCh TPH TEKCTHIIBHBIX MaTepHaia U3 pa3IniHoro
CBHIPBSI: HMOMMI(UP, BUCKO3a M IIEePCTsAHAs TKaHb. [ co3maHMS MOKPHITUS MEOW HAa MaTepHall HCIOIb30BAlach TEXHOJIOTUS MAarHETPOHHOTO PACIBLICHHS,
KoTopast JumTcst 2 cekyHnbl. CpaBHMBaAs JaHHBIC, MOJyYCHHbIE M3 TPEX PA3NHYHBIX TEKCTHJIBHBIX MAaTEPUANIOB, CJENaH BBIBOJA, YTO HamOOliee HaJCKHBIC
HOKPBITHS MEIHBIX HAHOYACTHII MOXKHO ITOJTY4UTh Ha TOIU3(UPHON TKaHM, HO camasi HU3Kas yCTOHYMBOCTb - HA BUCKO3HOHM TKaHH. 1o JaHHBIM pe3yibraTam
MOXKHO CYAUTh, YTO CHHTETHYECKHE TKaHH OOECIICUMBAIOT BBICOYAIICe KAa4eCTBO MPHIMIAHMS METAUIMYECKUX HAHOYACTHI[ K MaTepHaly. AHAIM3HPYS
nH(OPMAIHIO, IOIYYEHHYIO B XOJ¢ dKCIEePHMEHTA, CeaH BBIBOJ, YTO Ha mapaMeTpsl [ PB snekTporpaMM BIUSIOT HE TOJNBKO METAIMYECKUE HAHOUACTHIIBL,
KOTOpBIE OTJETSINCH BO BPEMsI CTHPKH, HO TaKKe BOJOKHA U JIPyrue CPEACTBA il 00pabOTKU TEKCTHJIA. DTO 03HAYAET, YTO MPU CO3JAHHU METOIONOTUH I
TECTHPOBAHUS METAJUIONOKPBITOTO TEKCTUIIS, B KA4eCTBE KOHTPOJIBHON BOABI HY)KHO BHIOPATh IUCTHIUIMPOBAHHYIO BOXLY, B KOTOPOIl BEIMBIBAJICS TEKCTUIb Oe3
MOKPBITHS METaJUIMYECKHMH HAaHOYACTUIIAMH, BMECTO YHCTOH IUCTHIUIMPOBAaHHOM Bombpl. UToOBI OIpemennTh, KaKOH BeC HAHOYACTHIl COOTBETCTBYET
KOHKPETHOMY KOJIMYECTBY IMHKCEJNCH B 3JIEKTPOrpaMMe, HEOOXOAUMO J100aBUTh MOPOLIOK MEIHBIX HAHOYACTHI] B JUCTHIUIMPOBAHHYIO BOMY B ONPEACICHHBIX
KOJIMYECTBAX, @ 3TO B CBOIO ouepe/ib OyaeT MPOM3BOAUTHECS Ha CICYIOMINX 3Tanax pa3padOTKu MeToxosoruu. B pesynbrare Oyner co3nan Habop HOMOTpaMM,
e KOHKPETHOMY KOJIMYECTBY ITHKCENel COOTBETCTBYET OIPEICIEHHbIH BeC METAUINIECKUX HAaHOYACTHIL.
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