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ABSTRACT

Recycled water for washing clothes saves signitieamount of potable water and hence has
a great potential for sustainable urban water memagt. To date, there has been no official
acceptance and very rare practice of use of redyetger for household laundry. This study
investigates the effects of critical heavy met&ls,(Mn, Fe, Cu and Zn) on cloth quality and
corrosive/scaling of washing machine to evaluagefdasibility of using recycled water for
household laundry. The experimental data can be @se future recycled water quality
guidelines. Five representative cloth materials elgipolyester, satin, polycotton, denim and
organic cotton were selected for washing in tapewand synthetic recycled water which
contained different concentrations of heavy mef@leth durability, surface morphology and
textile colour of washed cloth samples were meaktieinvestigate the effects of heavy
metals on quality of fabric. Langelier Saturatiordéx (LSI) was used as the indicator for
predicting corrosive/scaling effects on washing hiae. The results indicated that quality of
fabrics after 50 wash cycles was found no changesbycled water when concentration of
Pb and Mn <0.5mg/L, Fe<lmg/L, Cu<5mg/L and Zn<3@mndower than the about values,
the LSI indicated that recycled water would not tedany negative impact on washing
machine.



Author keywords: fabric quality; heavy metals; Langelier Saturatiodex; recycled water;
washing machine.

1. Introduction

Water recycling as an alternative source has dyl@en recognised and has become a
priority for the future sustainability. The Ausied government is one of the four
governments worldwide that have regulations for ewatecycling and have developed
recycled water for a variety of purposes [1, 2].n€lderable amount of fresh water
conservation has been achieved due to the useyfleel water in urban communities [3-6].
Dual reticulation systems have already been inttedun many suburbs in Australia and is
likely to expand in many other suburbs (Rouse Hild Newington in Sydney, Mawson
Lakes and New Haven Village in Adelaide, Aurora &tarriott Waters in Melbourne, and
Pimpama Coomera in Gold Coast) [7-9]. This may tebated to the increasing and
intensifying demands to develop water recyclingacy. For instance, the dual reticulation
scheme at the Rouse Hill Development Area and Syddé/mpic Park Authority
traditionally provide recycled water for outdoorden use, toilet flushing and car washing at
a total saving of approximately 35% of potable waiee. Developed and proposed dual
reticulation schemes in urban areas demand theaslad replacement of tap water with
recycled water to ensure system optimisation armdstistainability of water supplies via
more conservation of fresh water [2, 10]. The waevlde survey advocate that the volume of
water used for laundry significantly influences tio¢al water consumption of households.
According to statistics on typical water usage yui&y metropolitan households, laundry
use consumes up to 20% of total water demand [J1ALSignificant reduction in household
drinking water demand could therefore be achievehle drinking quality water for clothes
washing was replaced with recycled water. Therefareshing machine as a new end use of
recycled water in dual reticulation systems in arbaies has a great potential for sustainable
urban water management [2, 14-17]. However, thedauuse of recycled water has not been
sufficiently investigated and thus until today #hes no sufficient evidence and supporting
quality guidelines for this particular use [10, 1Rjoreover, the effects of various heavy
metals present in recycled water on quality ofl@stand washing machines have not been
reported [11].

Recycled water sources range over a broad speafwmemical quality depending upon the
source of the recycled water and the degree ofntieyat [2]. Some recycled waters contain

slightly higher concentrations of heavy metals camep to potable water. Such water may be



corrosive or aggressive in nature and thus can b#feets like staining or dulling of cloth
materials washed with that water. As a consequeaheecloth aesthetic appearance may be
affected. Moreover, probable aesthetics and discaton of laundry due to the use of
recycled water was one of the most important corcceaised by the participants in many
community surveys [12, 18-20Hurlimann and McKay [21] advocated that heavyatgein
recycled water could deteriorate the cloth and wasimachine. To encourage the use of
recycled water for household laundry, the genecathraunity should be assured that the

recycled water will not have negative impacts althesthetic appearance and durability.

Hence, the study was carried out for analysingldhg term effects of heavy metals present
in recycled water on the quality of cloths througiheasuring textile colour, surface
morphology and tensile/tearing strength of thelcleamples washed by recycled water. In
addition, heavy metals in water may be corrosivaggressive in nature thus resulting into
the scaling or corrosion problems. Thus, the efédédieavy metal concentrations in recycled
water on washing machine was also determined thrhaggelier Saturation Index (LSI), an

indicator of corrosive/scaling effects.

2. Materials and methods
2.1 Materials

In this research, synthetic recycled water was .uedas prepared by dissolving separately
five heavy metals (Manganese (Mn), Copper (Cu)c4in), Iron (Fe) and Lead (Pb) into
tap water. The electric conductivity (EC) of tapteraand the cycle water were 200puS/cm
and 2000 pS/cm respectively. The concentrationatiani was formulated according to a
thumb rule of 20 times the normal availability dat element in normal drinking water as
provided in World Health Organisation (WHO), AudiiaDrinking Water Guidelines and
Environment Protection Agency (EPA) as well ashe tecycled water supplied in some
suburbs in Sydney [22-25]. The concentrations ffedint heavy metals in drinking water
and synthetic water are summarized in Table 1.gemeral ranges of heavy metals present in
actual wastewaters were 0.01-0.27mg/L of Zn, 03 #®)/L of Fe, 0.001-3.3mg/L of Cu,
0.001-0.5 mg/L of Pb and 0.02-0.35 of Mn [26-29].

Table 1 The guideline concentration range of heavy meataldrinking water and synthetic

recycled water quality



The most sensitive colour (white coloured fabriegs selected for washing. Five types of
representative cloth textile (polyester (Po), sg®#), polycotton (PoC), denim (D) and

organic cotton (C)) were used for the tests. Thegeveut in size of 25x20cm for washing.
2.2. Experimental methods

The cloth samples were washed in top loading washiachine (Simpson SWT554, 5.5kg,
850prm). Each wash cycle was taken 45 minutes wiserg fast wash program, low water
level and Eco rinse option. The temperatures okewased for washing and temperature of
drying were 22C and 128C respectively. Omo detergent (main componentsiusod
sulphate, sodium linear alkybenzen, sodium tripobgphate, sodium carbonate, sodium
silicate) was chosen as a washing powder. Washinthe selected cloth samples was
performed for 50 wash cycles. Each wash bath weee about 50 pieces of cloth size of
25x20 cm, 40 litters of normal tap water or thetkegtic recycled water containing heavy
metals of various concentrations as well as abOug Zhalf cup) of Omo detergent. After
washing, the test samples were progressed for gliirdryer at 18 and 58' wash cycles.

The dried samples were taken for analysing.
2.3. Analytical methods

Various testing methods have been adopted withatire of analysing the durability and
aesthetic appearance of cloth materials washedyimhetic recycled water. The cloth
swatches were also washed in normal tap waterarséime conditions and its quality after
washing was also measured to evaluate the effeataiy metals present in recycled water

on cloth quality.
2.3.1. Heavy metal analysis

Heavy metals in samples were determined by Atontisofption Spectrophotometer (AAS)
using a Control AR 300 (Analytic Jena).

2.3.2. Colour measurements and colour differendeutation

The change in colour of washed cloth samples wabgested to test in Spectrometer Perkin
Elmer (LAMBDA 950) to check the aesthetic appeaeant the cloth materials and the
degree of dullness of the cloth material with theréased number of washing and increased
concentration of targeted study elements. The caldtextile material is often one of most

important features and colour is a subjective paree (individual/personal) [30, 31]. The



human eye is more sensitive to some areas of caladrless sensitive to others. The
CIELAB space is a uniform three dimensional spaendd by the colorimetric coordinates
L*, a* and b*: L* (lightness, ranging from O to 10@th higher numbers being brighter), a*
(green-red coordinate), b* (blue—yellow coordingt&y.1) [30]. The signs for these colour
differences ar@ “delta” AL*, Aa*, Ab* andAC*. The CIE L*a*b* space can calculate the
distance between the points representing diffecetdgur stimuli, this distance is called the
colour difference, usually designated #Sab Three different formulas CIE76, CIE94 and
CIEDE2000 [33, 34] are used to calculate colouiedénce. CIEDE2000 is the most complex
formula but it is the most update and advanced waydetermine colour difference.

Therefore, CIEDE2000 was choose for estimatingctileur differences of fabric before and
after washing with metal solutions. The determratof CIEDE2000 was followed the

methods of Luo at al. [33].

Fig.1 Colour plotting diagram for L*, a* and b*.
2.3.3. Scanning Electron Microscope (SEM)

The surface morphology change in fabrics can betiiikd by scanning electron microscope
(SEM). SEM helps to detect the surface morpholdggnge at high spatial resolution. The
small pieces of cloth samples washed in tap wateria synthetic recycled water at™0

wash and 50 wash were given to test in SEM.
2.3.4. Tensile and tearing strength tests

To investigate the effects of different heavy metaicentrations on cloth durability, tearing

strength tests and tensile strength tests of thehedhcloth samples were carried out using
Instron 6022 10kN Universal Testing Machine acaagdio the ASTM standards [35, 36].

The washed cloth samples were prepared accorditigetéest standard as per ASTM and
then applied for the tests. Firstly, the tensilel s&aring strengths of original samples were
measured. Similarly, tensile strengths of the saioth samples washed in tap water and
synthetic recycled water of various concentratiohndieavy metals were then determined.

Basically, the measurement of tensile and tearirength of the samples at"@vash and



50" wash were conducted. MINITAB 16 as a statistical tvas used and ANOVA One way
test was applied for the significance analysis Ejts test p<0.05).

2.4. Langelier Saturation Index (LSI)

The effects on washing machine durability was itigased using Langelier Saturation Index
(LSI= pHcaic — pHns) method. It is the pioneer and popular methodpimgnosticating the
corrosive and scale forming tendency of the aqusoligions [37, 38].

3. Results and discussion
3.1. Colour difference

The aesthetic appearance of the cloth is highljuénfced by its colour. The changing of
fabric colour is most sensitive issue for user. Thange in aesthetic appearance of the cloth
materials and the degree of dullness of the clottierral with the increased number of
washing cycles in heavy metals solutions is meashyethe colour difference. It is obvious
that some changes in colour was brought about alubet numbers of washing of cloth in
difference concentrations of heavy metals. Figan@ 3 show the difference L*, Aa*,
Ab* and AC* of 5 kinds of cloth samples washed in tap wated synthetic recycled water
after 10 washing cycled\(* = difference in lightness/darkness, value +ghter, value — =
darker;Aa* = difference on red/green axis, value + = redder greenerdb* = difference on
yellow/blue axis, value + = yellower, — = blu&C* = difference in chroma, + = brighter — =
duller). The figures revealed that the change iowodepends upon the cloth material and

type and concentration of heavy metals solutions.

Fig. 2 shows the change in colour of cloth samplegerms of AL after being washed in
heavy metals solutions. As expected, the incredsbeavy metal concentration led to
increase of absolute values/if. However, all cloth samples were only visibly ebsged to

be darker after washing in synthetic recycled watertained Fe, Zn and Pb concentrations

higher than 1mg/L, 30mg/L and 0.05mg/L respectively
Fig. 2 The change in colour of cloth samples after 10hivegscycles in terms diL*

Fig. 3 shows the difference a* (red/green)Ab* (yellow/blue) andAC* (bright/dull) of 5
kinds of cloth samples washed in tap water andcaledywater after 10 washing cycles.
Results revealed that only with the Cu concentnaitothe synthetic recycled water of more
than 20mg/L, cloth samples were visibly observedé¢ogreener than that washed by tap

water Qa*values was nearly -2, Fig. 3a). The cloth samplashed in Fe solution is more



yellowish (Ab* positive) and the levels of yellowness dependsconcentration of Fe in
solutions (Fig. 3b). Visible yellowness was obsdrwhen the Fe concentration was 5mg/L.

The Fe concentration of 5mg/L also led to signifitcduller for denim and satin (Fig. 3c).

Fig. 3 The change in colour of cloth samples after 10hiveiscycles in term of\a*, Ab* and
AC*

Delta E*: There were some changes in colour of fabric in teflAL*, Aa*, Ab* and AC*

but the significant difference between cloth washetth tap water and synthetic recycled
water should be based &f*. The colour difference is considered a significdifference
when theAE* is more than 2 [39]. Table 2 shows the diffent colour of cloth samples at
different concentrations of heavy metals after 4@ 80 wash cycles. The results showed that
the change in colour of cloth samples was diffeeedepends on cloth materials and heavy

metals concentrations.

In general, the highest value AE*values for satin cloth samples washed in heavialse
(Fe=5mg/L) are up to 5.9 which concluded that thur of satin was obvious difference
with one washed in tap water. When synthetic rexyelater contained more than 1mg/L of
Pb and Fe, 2mg/L of Mn, 15mg/L of Cu and 30mg/LZof AE* value for satin after wash
cycles laid in the range of 2-3.5 confirming thiaére was medium difference between the
colours of the satin washed in tap water and tleeveashed in the synthetic recycled water.
Colour of satin was significant different when weglin synthetic recycled water contained
5mg/L of Fe. Denim exhibited the change in colotrew it was washed with 5mg/L and 20
mg/L of Fe and Cu respectivelAE* >2). The colour of cotton cloth was found to be
changed when concentration of more than 15mg/Lwa@d 0.5mg/L of Mn was applied in
synthetic recycled water. Polycotton and polyestied0 wash cycles for all heavy metal
solutions (except Fe) were only slight change ilmwowhich is invisible in compared with
those washed in tap wateAE* values <2).The experimental results also shoat the
present of Zn and Pb in synthetic recycled wateneat high concentration (up to 60mg/L of
Zn) led to no significant change in colour aften®sh cycles for those cloth samples (Table
2).

Table 2. The change in colour in delta EAE2000) at different concentration of heavy

metals in water in comparison with tap water af@(10th) and 50 (50th) wash cycles



In conclusion, heavy metals in water used for wagimhachine can have affected on cloth’s
colour. Fe concentration more than 1 mg/L in watede cloths become darker, duller and
more yellowish. Moreover, recycled water contaimadre than 15mg/L of Cu made the
cloths not only greener, bluer but also duller.hAligh Zn and Pb in water solution made
cloths darker and bluer but the change in colounas significant. The heavy metals
concentration in water at lower than 0.5mg/L of & Pb, 1mg/L of Fe, 10mg/L of Cu and

30mg/L of Zn are considered safe for cloth in teohshange in colour.
3.2. Change in surface morphology of fabric sample

The scanning electron microscope (SEM) was usethvestigate the change in surface
morphology of fabric after being washed in synihetcycled water contained different

concentrations of heavy metals.
Effect of Cu solution

Fig. 4 shows the SEM images of denim after 10 wagtles in tap water (Fig. 4a) and
synthetic recycled water contained Cu concentratbr?, 5, 10, 15, and 20mg/L (Fig.
4b,c,d,e,f). It was found that the cloths aftemigeivashed with tap water had no change in
surface morphology. However, the surface morpholofgloth samples washed by high
concentration of Cu of 10mg/L were changed notablindicates that the concentration of

Cu of more than 10mg/L could cause damages incrfeorphology of cloth samples.

Fig. 4 Denim (1000x) after 10 wash cycles in tap water @acconcentration of 2, 5, 10, 15,
20mg/L

Similarly, comparison of the images of all clothmgdes were carried out and finally
concluded that lower than 10mg/L of Cu are safewashing cloth in terms of surface of
fabric. Event, the images of satin indicated thate was only slightly change in the surface
morphology of the cloth material after washing by Gynthetic recycled water at all
concentrations. The reason may be because thefisméins more smooth and homogeneous

in appearance in the original stage than in denim.
Effect of Fe solution

The SEM results show that the surface morphologsia@h samples was not affected if they
were washed in tap water and Fe concentrationssftlean 1mg/L. However, cotton samples
washed with concentration higher than 1mg/L Fe tamluwere observed to have some

damages. Similar results were observed with moghefcloth types washed for 10 wash



cycles in Fe solutions. Therefore, it is summaribed up to 1mg/L of Fe solution, there is no

negative impacts on the surface morphology of &biri
Effect of Pb, Mn and Zn solution

The images of most cloth samples washed by Pb, MnZa solutions at all concentrations
after 10 wash cycles revealed that there was nogehan surface morphology of fabric.
However, images of cotton cloth at™5@ash cycles showed some distinct change in surface
morphology at 2mg/L of Pb and Mn and 60 mg/L of Zherefore, under 1mg/L of Pb, Mn,

and 30mg/L of Zn are considered safe in terms dasa morphology of fabric.

For further assurance, images of washed cloth ssiplrecommended values of 1 mg/L of
Pb, and Mn and Fe; 10mg/L of Cu; and 30 mg/L ofwre taken in SEM at 5000x. The
images (Fig. 5) show that there was no change énstirface morphology of that fabric
compared with the ones washed with tap water. Therethose doses had no impacts on

fabric in terms of surface morphology.

Fig. 5 Polycotton (5000x) after 10 wash cycles of tap w&¢, 1 mg/L of Pb, Fe and Mn
(b,c,d), 10 mg/L of Cu (e) and 30 mg/L of Zn (f)

3.3. Tensile and tearing strength test

Fabric utility parameters most often depend omiéshanical properties. Tensile strength and
tearing strength both are the most important strepgrameters of cloth fibres exhibiting the
durability of the cloth material [40]. The lifespaha textile product is directly related to the
number of wash cycles it can endure. The comparativdy of tensile and tearing strengths
of all types of cloth samples washed in tap watelifferent wash cycles ftand 58' and the
cloth samples washed in various concentrationsw&i@ Mn at respective number of wash

cycles were conducted.

The results of mean values of tensile strengthscloth samples washed in various

concentrations of aqueous solutions &t W@sh cycles are summarized in Table 3.

Table 3 shows that no significance difference ia ténsile strengths of all cloth samples
(except polyester) washed in tap water, 1mg/L, 2meydd 5mg/L of Cu solutions was
observed. However, the Cu concentration in synthefttycled water of more than 5mg/L
could result in significant change in tensile styttnof Polyester. (Tukey’s test p < 0.05). It is
summarised that<(5 mg/L) of Cu solutions, there is no negative igtpaon the tensile

strengths of cloth samples compared to that ofvaier.



Table 3 further indicates that, significance difiece is only observed in tensile strengths of
polyester, satin, and polycotton washed in 1mg/d above concentration of Mn solutions
compared to the same cloth samples washed in tégr ¥oat 10 wash cycles. No significant
reduction in tensile strength for almost all clofescept Polyester) was observed at 0.5 mg/L
of Mn (< 0.5 mg/L). Hence, summarizing 0.5 mg/L of Mn isammended safe in terms of
tensile strength.

Table 3 Tensile strengths with Cu and Mn, washing &t @@sh cycle

The results of mean values of tearing strengthscloth samples washed in various

concentrations of synthetic recycle water af d@sh cycles are summarized in Fig. 6.

Fig. 6 Tearing strength of cloth samples washed in varamumgeentration of Cu and Mn

solutions and tap water.

The results from the Fig. 6(a) further indicatedttfhere was no significance difference in the
tearing strengths of cotton and satin washed imeer and Cu concentration. There was not
much change in tearing strength of the denim, mitpo and polyester cloth samples washed
in Cu concentrations 1, 2 and 5mg/L compared tedladoths washed in tap water. However,
at Cu concentration of more than 10mg/Ll, the cleaingthe tearing strength of these 3 types
of cloths compared to those washed in tap watersigasficant. Therefore, 5mg/L of Cu is
recommended to be the maximum allowable conceotrati terms of tearing strength of
denim.

Tearing strength study of cloth samples washed mnsblutions (Fig. 6b) revealed that up to
1mg/l of Mn, there was not much change in tearingngth of the cloth samples washed in
various Mn concentrations compared to cloth sampieshed in tap water.. However, above
1mg/L of Mn concentration at 2mg/L of Mn, the charig the tearing strength of the cloth
compared to the one washed in tap water was signifi(about 11%). Therefore, 1mg/L of
Mn is recommended to be the maximum allowable caimaton in terms of tearing strength

of cloth samples.
3.4. Langelier Saturation Index (LSI)

Langelier saturation index (LSI) is the pioneer Imogk for prognosticating the corrosive and
scale-forming behaviour of water [38]. This indemoyides a simple criterion by which the
likelihood of corrosion or scaling can be predicte8I is a numerical index which is defined
as the difference between the pHcalc, calculatewh fthe data of the chemical analysis, and

the pHmsr measured.



LSI = pHeaic — PHsr
PHmsr= (9.3 +A+B) - (C + D)
where:
o A=(Logl0[TDS] - 1)/10
o B=-13.12 x Logl10(TC + 273) + 34.55
o C=LoglO[C&" as CaC@ - 0.4
o D = LoglO[alkalinity as CaC§)
If the LSI < O (negative value), the water caus@sasion of steel. If the LS| = 0, the water is
neutral and stable and does not cause corrosisnading. As the LSI is rather a qualitative
than a quantitative characteristic, its being edaatero should not be taken too literally.
Thus, the values of the LSI in the range of -0.5Q@db should be taken as “zero”. When the
LSI > 0 (positive value), the water can cause mgabn the surfaces of pipelines, heat-

exchangers and other technological equipment [38].

As expressed in the above equations for calculahegLS| of any water sample, the total
dissolved solid (TDS), the temperature (T), pH, ¢h&ium hardness and the total alkalinity

of the water sample were analysed. The LSI reanétshown in Table 4.
Table 4LSI of synthetic recycled water of various concatitms of heavy metals.

As can be seen in Table 4, it is clear that the \zhlie was in range of -0.5 to +0.5 for the
concentrations of 5mg/L of Cu, 2mg/L of Pb and Mmg/L of Fe and 30mg/L of Zn in
water. That the synthetic recycled water up to ¢hosncentrations of heavy metals is
balanced and suitable to use in washing machineowitany harsh impact. However, at
higher those concentrations, the LS| values weteimt¢he range of +0.5 to -0.5, showing
that the water is not balanced and has slight pialen corrosion. Hence, it is suggested that
5mg/L of Cu, 2mg/L of Pb and Mn, 1mg/L of Fe andr@@L of Zn in recycled water can be
the maximum value of those heavy metals in termsasthing machine durability.

2.5. Visual Inspection of washing machine

Long term visual inspection of washing machine wasied out after 50 wash cycles of cloth
samples in 25 different concentrations of 5 heaegats (more than 600 wash cycles) were

carried out. The observation revealed no sign®obsion or stain on the washing machine.

4. Conclusions



Conclusively, the level of change in colour andlqyaf cloth samples depended on cloth
materials and heavy metal concentrations. Frometfext of metals in recycled water, the
maximum allowable value of heavy metals in recysleder used for household laundry was
successfully determined and recommended for eshaby the guideline. The lowest
concentration of heavy metals in recycled wateddandry were found to be: 0.5mg/L of Pb
and Mn, 1 mg/L of Fe, 5mg/L of Cu and 30mg/L of Znis important to note that these
values of heavy metals have been suggested ongrdaring their effects on cloth durability,

aesthetic aspects of cloth quality and durabilftwashing machine.
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Fig. 5 Polycotton (5000x) after 10 wash cycles of tap w&¢, 1 mg/L of Pb, Fe and Mn
(b,c,d), 10 mg/L of Cu (e) and 30mg/L of Zn (f).
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Table 1

The guideline concentration range of heavy metaldrinking water and synthetic recycled

water quality

Heavy WHO, 2004 ADWG, 2004 EPA, 2011 Synthetic recycled water
metals (mg/L) (mg/L) (ma/L) (mg/L)

Fe 0.3 0.3 0.3 0.1-6

Zn 3 3 3 1-60

Pb 0.01 0.01 NA 0.01-2

Mn 0.05-0.4 0.5-1 NA 0.01-2

Cu 2 1-2 1.3 1-20
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Table 2

The change in colour in delta EAE2000) at different concentration of heavy metals i

water in comparison with tap water after 10")L8nd 50 (58) wash cycles

Heavy No of Con.
metals wash

(mg/L) Denim Satin Polycotton Polyester Cotton
Fe 0.1 0.2 0.4 0.E 0.€ 0.7
1" 0.2 0.5 1.E 0.2 0.2 0.8
1" 1 0.5 2.1 1.C 0.4 0.8
10" 3 1.0 2.4 1.0 0.4 0.9
10" 5 3.2 5.0 2.3 1.7 1.1
50" 5 5.0 5.9 3.3 3.1 2.3
Zn 1 0.1 0.7 0.5 1.0 0.2
10" 3 0.2 1.2 0.4 0.5 0.4
10" 6 0.2 0.7 0.4 0.8 0.6
1" 10 0.2 0.5 0.5 0.2 0.2
1" 3C 0.4 2.2 0.5 1.C 0.2
1" 60 0.2 2.2 0.7 1.C 0.2
50" 60 0.9 3.7 2.0 0.9 0.5
Pb 0.01 0.4 0.3 0.2 0.3 0.2
10" 0.05 0.3 1.2 0.8 0.7 0.3
10" 0.1 0.5 1.4 0.5 1.1 0.5
10" 0.5 0.1 1.7 0.7 0.9 0.6
10" 1 0.3 2.2 1.1 1.1 0.4
10" 2 0.1 2.4 0.2 1.3 0.1
50" 2 0.7 2.4 0.2 1.¢ 0.2
Cu 1 1.C 1.2 0.4 0.3 0.8
10" 2 0.¢ 1.¢ 0.2 1.E 0.¢
10" 5 1.1 1.9 0.2 1.3 1.1
10" 10 1.4 1.8 0.4 1.1 1.1
10" 15 1.7 2.0 0.7 1.3 2.2
10" 20 2.5 2.3 0.9 1.5 4.3
50" 20 4.8 2.1 1.2 2.6 4.2
Mn 0.01 1.6 0.5 0.4 0.5 0.9
10" 0.05 1.6 0.6 0.6 0.5 1.3
1" 0.1 1.€ 0.8 0.5 0.7 1.¢
1" 0.5 1.2 0.C 0.€ 0.4 2.C
1" 1 1.1 1.E 0.2 1.C 2.8
10" 2 1.2 1.5 0.4 1.1 3.3
50" 2 1.3 2.1 1.1 1.1 2.8
Note:

4AE2000: CIEDE2000

AE* = total colour difference value

AE meaning:

0-1 meaning a normally invisible difference

1-2: very small invisible difference, only obvidosa trained eye
2-3.5: medium difference, also obvious to an unedieye
3.5-5: an obvious difference

>6: a very obvious difference
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Table 3

Tensile strengths with Cu and Mn, washing &t d@sh cycle

Water Heavy metal Cloth
sources  conc.(mg/L) D Po PoC S C
Tap water 53%9.5 315 +39  398+105 55F+6.3 15F +6.3
1 520°+13.5 32F+19.6 3974153  546+17.1 147115
Synthetic 521°+14.3  283+17.8 400+19.2 558117  138"+10.8
recycled 5 513 +14.3 279'+17.3  407"+13.9 566+11.5  15F+13.7
water with 10 448+18.5 2744223  390°+17.2 510+20.8 144°+11.8
Cu 15 45 +31.5 259+156  378%+18.8  459+20.8  137°+11.8
20 446 £20.9 257254  369+14.8 462+11.9  138+10.1
0.01 530°+7.1  316°9.9 40P 5.5 549 +6.4 15T +6.4
Synthetic 0.05 53f'+7.2 31366 40066 551483 148176
recycled 0.1 527467 31962 407 +6.3 557 +6.3 15T +6.4
water with 0.5 538 +6.3 3058 6.5 395%+7.4 547 +4.0 147 +7.3
Mn 1 530°°+6.8 303 +6.4 389°+5.5 498 +6.8 14747.0
2 516+4.4 303 6.0 38£45.3 490 +9.7 139 +8.3

Note: ® ® © Yrepresents the group according to ANOVA-One waalyais (Tukey's test p < 0.05, n = 11). The
values sharing the same alphabets represent ndfis@gm difference in tensile strength (+ valueseathe
standard deviations)
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Table 4

LSI of aqueous solutions of various concentratioingrious heavy metals

Metals CON¢: Ca hardness AlkTol‘ta'lt H TDS T'€MP- g
€S (mgly cacos(mgll) (ri‘é?f)y P CC)

Fe 0.1 625 49 8.13 1565 24  -031
0.3 60.5 47 8.10 156 24  -0.37

0.5 55 45 780 156 24  -0.50

1 55 45 751 156 24  -1.02

3 60 45 740 156 24  -1.05

5 62.5 40 750 157 24  -1.12

Zn 1 85 40 830 157 24  -0.09
3 84 40 819 159 24 021

6 86 40 8.10 1595 24  -0.29

10 85 45 790 161 24  -0.44

30 85 40 7.80 1765 24  -0.60

60 87 40 7.40 190 24  -0.99

Pb  0.01 75 40 8.20 155 24 024
0.05 70 40 8.20 155 24  -0.28

0.1 75 40 8.20 155 24  -0.25

0.5 775 40 8.10 155 24 034

1 80 40 8.20 155 24 022

2 84 40 8.20 155 24  -0.20

Cu 1 80 40.6 8.20 155 24 021
2 80 36.3 8.20 156 24  -0.26

5 82 36 7.60 157 24 050

10 83 37.8 7.40 159 24  -1.03

15 89 38 730 162 24  -1.09

20 82 35 7.20 164 24  -1.27

Mn  0.01 62.5 45 821 155 24  -0.21
0.05 60.5 45 8.12 155 24  -0.28

0.1 55 46.8 790 155 24  -0.50

0.5 55 45.9 821 155 24  -0.24

1 60 46.8 794 155 24  -0.46

2 62.5 45.9 781 155 24  -0.60
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