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Abstract: The efficiency of an adsorbent has been investigated for the removal of released textile dyes and micro-organisms during 

household textile laundering. The results show that laundering with the addition of the striped adsorbent and IEC A* detergent reduced the 

higher log step reduction of Sa (more than 4 log steps) compared to laundering without detergent (2.62 log step reduction), or laundering in 

a blind bath (1.61 log step reduction). The sorption efficiency of the functionalised nonwoven adsorbent is limited, capable of adsorption of a 

maximum of 0.1 g/L of reactive dye from the washing bath. Laundering in a bath of 20 °C, with the addition of a striped textile adsorbent or 

in combination with detergent IEC A*, does not prevent biocontamination of the washing bath and textile load.  
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1. Introduction 

The main purpose of household textile laundering is the 

removal of impurities, which consist mostly of a mixture of 

inorganic and organic components and micro-organisms. Domestic 

textile laundering is a complex process where significant amounts 

of electric energy and water are necessary for ensuring appropriate 

cleaning and disinfection efficiencies. At the same time, it still 

produces large amounts of laundering wastewater containing 

undissolved organic and inorganic impurities, dyes/ pigments, as 

well as waste detergents [1, 2]. Thus, the laundry process still 

requires separation of the textiles according to the composition (e.g. 

cellulose, PES, PA, wool, silk), colouring (different types of dyes 

and pigments) and degrees of impurities, and, further, the selection 

of a suitable detergent/disinfectant concentration, laundering 

programme and parameters (temperature, agitation intensity, 

spinning degree), all of which are contrary to the principles of 

“user-friendly and simple laundry”. 

One of the frequent difficulties is the re-deposition or transfer of 

dyes from coloured textiles to the un-dyed textiles during the 

washing process. The main reasons for intensive bleeding of some 

coloured textiles are difficulties, or an inappropriate dyeing process, 

where the most problematic is dyeing or printing of blended fabrics, 

such as  cotton/PES blends. Recommendations to avoid these dye-

transfer problems include separation of coloured textiles from un-

coloured ones, washing at a low laundering bath temperature, or 

using special detergents with the addition of nonionic or 

zwitterionic polymers (polyvinylimidazol (PVI), 

polyvinylpyrrolidone (PVP)), or cationic polymers [3]. There are 

also so-called “colour catchers” available, in the forms of ribbons 

(impregnated cotton fabric), granulate (an Na2CO3 and H2O2 

mixture) or tourmaline balls (NaMg3Al6 borosilicate), with limited 

efficiency [4]. 

In past years, several research activities were performed, with 

the intention to collect, purify in cross-flow reactors, then 

warehouse in tanks, and, at the end, reuse of laundry wastewaters. 

Wastewaters of domestic laundry were purified using sand filters, 

synthetic zeolites (SiO2, Al2O3,Fe2O3, Na2O, CaO), flocculation 

and membrane filtration [5- 10]. In a second set of research 

projects, laundry wastewaters were decolourated with the help of 

adsorbents, different natural (plant seeds, orange peels) or synthetic 

coagulants, ion exchangers [11- 17], and with advanced oxidation 

procedures (H2O2 /UV, H2O2/O) [18, 19]. The used methods were 

proved suitable, however, they were time, space, economic and/or 

ecologically questionable. 

Textiles which enable adhesion and colonisation of micro-

organisms represent a potential source of infection. Appropriate 

temperatures, sufficient humidity level and nourishments, such as 

blood, body fluids, present in textiles influence the survival of 

micro-organisms. For sterilisation of equipment and devices, 

physical (heat, radiation, gaseous), chemical or physiochemical 

methods are available, but they are not all suitable for textiles [20- 

24]. 

In our research we focused on the evaluation of the dye 

adsorption and disinfection efficiency of functionalised nonwoven 

adsorbent during a household textile laundering. With regard to the 

defined aims of the research, the following main procedures were 

performed: Selections and evaluation of the striped adsorbent, 

laundering in a household drum washing machine (laundering 

without and with the addition of adsorbent strips), evaluation of 

dye-adsorption and disinfection efficiency regarding the laundering 

procedure. 

2. Experimental part 

Different laundering procedures were performed, with the aim 

of evaluating the dye re-deposition from the laundering bath onto 

the striped adsorbents and textile fabrics, as well as disinfection 

efficiency. The laundering bath (blind bath) of the first procedure 

contained only a ballast load and textile bioindicators, while into the 

second laundering bath was added a dye solution, which was 

injected into the laundering machine with a peristatic pump. The 

bath of the third laundering procedure contained all the 

components: Base load, textile bioindicators, dye solution, IEC 

detergent and standard cotton fabric. All laundering procedures 

were performed twice. First without and then with the added 

adsorbent strips. The composition of the performed laundering 

procedures are shown in Table 1. 

Table 1:  Composition of the performed laundering procedures 

Procedure Code SCF TexBio Dye IEC A 

LPBlind Yes Yes No No 

LPDye Yes Yes Yes No 

LPDyeDet Yes Yes Yes Yes 

Note: SCF – Standard cotton fabric, TexBio- textile bioinidcators with 

the Sa, Dye – solution of reactive black anionic dye (1.5g/L), IEC A - 
Laundering detergent IEC A* (82g/cycle) 

Materials A base load (3.5kg) was composed of more items 

(double layer knitted PES fabric sewn along all four edges), each 

with the size of 30x30cm and mass of 35g. Standard detergent IEC 

A* [25], composed from the basic powder (77%), sodium perborate 

tetrahydrate (20%), and tetraacetylethylenediamine TAED (3%) 

was supplied from WFK (D). DIN ISO 2267standard cotton fabric 

(SCF) (100% cotton, 295 dtex in warp and weft direction, 170 g/m2, 

plain wave) [26] was also suplied by WFK. The reactive black 

anionic dye (Bezaktiv Black V-CMR) was purchased from CHT 

Bezema GmbH (D). The adsorbent strips (AdSNW), composed of non-

woven textiles, which were impregnated with a solution of sodium 

carbonate, sodium dithionite and a surface active agent, were 

suplied from Delta Pronatura (D). 

Laundry equipment All laundering procedures were 

performed in a household washing machine, SensoCare W8665K 

Gorenje d.o.o. (SLO), with a capacity of 9.0 kg. The laundering 

procedure consisted of main-washing (20 °C), two rinsing phases, 

and spinning. 
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Common to all the performed laundering procedures was that 

the working conditions met the Standard SIST EN 60456. The 

laundering procedures began with loading the washing machine 

with a cotton base load (4.5 kg), textile bioindicators, adsorbent 

strips and standard cotton fabric, followed by automatic dosing of 

water (TWH= 14±1.12 on; pH = 7.3–7.7; T = 15±2 °C; bath ration 

1:5), laundering detergent IEC A* and dye solution of reactive 

black (1.5 g/L). 

Scheme of the used laundering system is in Figure 1. 

 
Figure 1: Scheme of the used laundering system 

Textile biomonitor preparaption Textile biomonitors are used 

to determine micro-organism reduction in domestic laundry 

processes and possible cross contamination of micro-organisms [27, 

28]. Cotton fabric SC was used for the preparation of textile 

bioindicators with the bacterial cultures of Staphylococcus aureus 

DM 799. Several pieces of previously sterilised and dried cotton 

pieces with an area of 1 cm2 were put into autoclaved glass Petri 

dishes. Then, 200 µl of artificial sweat (ISO 105-E04) as a substrate 

for simulating human excrements, was inoculated onto the cotton 

pieces in the Petri dish and left to dry overnight. Sweat was chosen 

as it was previously found [29] that it can act as a substitute for 

defibrinated sheep blood. In next step, 200 µl of a previously 

prepared concentrated suspension of micro-organisms was 

inoculated onto each cotton piece. The concentration of bacteria on 

the cotton pieces after drying overnight was between 107 and 109 

per cotton piece, assessed by serial 10-fold dilutions and viable 

plate counting using Baird-Parker agar. 

Evaluation of the redeposited amount of dye The adsorption 

curves of the vinyl sulfone dye solutions were measured with the 

UV-Vis spectrophotometer Infinite 200 Tecan (CH), meanwhile the 

non-laundered and laundered SCFs and AdSNW strips were 

measured with the spectrophotometer Datacolor SF600 (CH) (d/8 

measurement geometry, with a measurement wavelength range 

from 400 nm to 700 nm and measurement area of 20 mm). 

Reflection measurements were calculated with the help of the 

Datacolor Datamaster (CH) Software, resulting in CIE tristimulus 

values XYZ, L*C*h CIELAB 1976 and colour differences dE* 

according to [30]. 

The amount of transferred dye from the laundering bath onto 

the SCF or AdSNW was determined, as described in [31, 32], and 

calculated based on Equation (1), 

fk = 




700

400





 (K/S)λ ( x 10,λ  + y 10,λ + z 10,λ) 

(1) 

Where fk is the colour strength value, K/S is the Kubelka-Munk 

value, and x , y  i z are the colour matching functions for the CIE 

10° standard observer. 

Evaluation of the disinfections’ effect The concentration of 

micro-organisms were calculated on the cotton swatches during the 

incubation process, and after the laundering procedures. After 

laundering treatment each textile bioindicator was placed into a 

saline solution to release the micro-organisms from the cotton 

swatches. The colony forming unit (CFU) was assessed by serial 

tenfold dilutions and plating on selective agars. The average CFU 

after the incubation periods was used to determine the reduction 

efficiency using Equation (2) [24, 29]: 

RED = log (CFUb / CFUa)  (2) 

where RED is the colony reduction efficiency, CFUb is the 

average CFU on the cotton swatches before and CFUa is the CFU 

on the cotton swatches after the laundering procedure 

3. Results and discussion 

The effectiveness of removing dye from the laundering bath and 

the effect on the reduction of micro-organisms has been 

investigated for adsorbent strips. Three types of washing procedures 

were carried out in the washing machine. Each laundering 

procedure was performed twice, The first-time without and 

secondly with added adsorbent strips as recommended by the 

producer (2 strips/ washing cycle, 0.0252 g, 56g/m2). After each 

laundering cycle the base load and laundering machine were 

disinfected, by carrying out a disinfection washing, which consists 

of main washing (30min/ 85 °C) and 5 rinsing cycles, as well as a 

self-cleaning programme (without the base load, 30 min/ 85 °C). 

The results of the adsorbed dye from the bath on the adsorbent 

strips for three laundering procedures are shown in Table 2, whilst 

the reflectance curves are shown in Figure 3. The colour 

characteristics and SCF reflectance curves for laundering 

procedures, without or with adsorbent strips added are shown in 

Tables 3 and 4. 

It is known that most black dyes are mixtures of two or even 

three different dyes. Navy Blue is the most commonly used as a 

base dye. The reactive dye Bezaktiv Black V-CMR, which has been 

used, is also no exception. The absorption curves of the dye 

solutions (Fig. 2) show that they consist of two components. The 

first component (blue) has an absorption peak at 476 nm and a 

second (red) at 596 nm. 

 
Figure 2: Optical absorbance curves of reactive dye dilutions 

It is evident from Table 2 that the K/S value for the LPBlind 

procedure is the lowest (0,46), which was expected, as no dye was 

added to the laundering bath. On the other hand, the K/S values for 

the procedures LPDye and LPDyeDet were expected to be much higher 

compared to the basic laundering procedure LPBlind, with little 

difference between them (0.99 units). 

Table 2: Change of colour characteristics of the adsorbent strips against the 
performed laundering procedures 

Procedure Code K/S dE* D65/10 

LPBlind 0.46 7.27 

LPDye 20.25 61.22 

LPDyeDet 19.25 59.84 

We were surprised by the relatively high dE* value (7.27), 

change in chromaticity (dC*= 7.61) and hue (hunwashed= 149, hwashed= 

94, change of colour from green-yellow to pure yellow) among the 

unwashed and in LPBlind washed adsorbent strips. The observed fact 

can be attributed to the adsorption of released chemicals, and 

probably also colonies of Sa, which are described as golden colour, 

from the textile bioindicators. From the results shown in Table 2 

one can summarise that the strips adsorbed the highest amount of 

dye at procedure LPDye (K/S=20.25, dE*=61.22), which also 
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resulted in lowering of the reflectance curves for the strips 1 and 2 

(Figure 3). 

It should be also noted that the reflection curves of strips no. 2 

in Fig.2 are the lowest (a higher amount of adsorbed dye), 

meanwhile the reflection curves of stripes no. 1 are slightly higher 

(a lower amount of adsorbed dye), which is the case for both 

laundering procedures, LPDye and LPDyeDet. Analysis of Fig. 2 

showed that the curves of strips 1 and 2 are lower in the blue area 

(476 nm) compared to the red area (600 nm), leading to the 

conclusion that the blue component of the dye migrates from the 

bath to the strips faster than the red. 

 
Figure 3: Influence of the performed laundering procedures on dye uptake 
of the adsorbent strips 

There is no doubt that the amount of adsorbed dye onto the 

adsorbent strips is important, but from the user's point of view the 

amount of dye that will migrate from the coloured to the un-

coloured (white) textiles during a household laundering is more 

important. 

Table 3: Colour characteristics and the dye absorption degrees of the SCF 

for the performed laundering procedures, without added adsorbent strips 

Procedure Code K/S dE* D65/10 f 

LPBlind 0.197 2.38 1.280 

LPDye 0.293 3.33 2.283 

LPDyeDet 0.916 6.61 3.752 

From the results shown in Tables 3 and 4 it can be concluded 

that the amounts of transferred dye from the laundering bath onto 

the SCF at the laundering procedures where adsorbent strips were 

added, are slightly lower, compared to the procedures without 

added adsorbent stripes. 

Table 4: Colour characteristics and the dye absorption degrees of the SCF 

for the performed laundering procedures, with added adsorbent strips 

Procedure Code K/S dE* D65/10 f 

LPBlind 0.222 1.81 1.436 

LPDye 0.289 3.20 2.298 

LPDyeDet 0.861 6.55 3.876 

With regard to the LPDye procedure (Tab. 4), the amount of 

adsorbed dye onto the SCF is noticeably higher for the LPDyeDet (K/S 

by 2.98 times, dE* by 2.05 times, f by 1.69 times). A large 

difference is also visible in the progress of the SCF reflection 

curves before and after the performed laundering procedures (Fig. 

4). We can again conclude that the blue components of the dye 

migrate from the laundering baths to the SCF faster than the red.  

 

Figure 4: Influence of the performed laundering procedures on dye uptake 
of the SCF 

The phenomenon of binding more dye to the SCF in the case of 

washing with added detergent compared to the laundering without 

it, can be attributed to the surface-active substances of the detergent 

IEC A*, which increase the affinity and migration of reactive dye 

molecules to SCF [33, 34]. 

Analyses of the influence of laundering procedures on 

disinfection efficiency (Fig. 5) show that the household laundering 

in baths of 20 °C, the addition of detergent IEC A* and adsorbent 

strips, provides higher disinfection effects compared to laundering 

without strips.  

The LPBlind laundering procedure with the addition of adsorption 

strips provides lower reduction of Sa (log for 1.61 log steps), 

resulting mainly from bath circulation and agitation rhythm 

(mechanical action, kinetic energy) and, thus, rinsing out of the 

micro-organisms from the textile bioindicators. In the LPDye 

procedure, the reduction of Sa micro-organisms increased to 2.62 

log steps, influenced by both the effects of the laundering drum 

agitation and the disinfection activity of the dye [34- 37]. While in 

the LPDyeDet procedure, where IEC A* detergents as adsorption 

strips are added to the laundering bath, the highest reduction of 

micro-organisms was achieved by 4.60 log steeps. 

 
Figure 5: Influence of the absence/presence of striped adsorbent in the 
laundering baths on the disinfection efficiency (RED) of the performed 

laundering procedure 

However, regardless of the relatively high reduction of micro-

organisms (for LPDyeDet+adsorption strips CFUbefore was 1.7*107 

cfu/ml, and CFUafter 1.7*107 cfu/ml), it can be concluded that the 

performed procedure does not provide satisfactory disinfection 

efficiency. Standard SIST EN 16616 defines that the chemical-

thermal textile disinfection laundering process is effective when a 

reduction of bacteria of more than 7 log-units is reached and no test 

organisms are detected in 100 ml of washing/disinfection liquid. 

From the obtained results, it can be concluded that the 

laundering in a bath of 20 °C, with the addition of a striped textile 

adsorbent or in combination with detergent IEC A*, does not 

provide satisfactory disinfection efficiency and prevent bio-

contamination of the washing bath and textile load. 

4. Conclusions 

The efficiency of an adsorbent has been investigated for the 

removal of released textile dyes and micro-organisms during 

household textile laundering. In a household drum washing machine 

IEC A* detergent was used, together with an IEC ballast, standard 

cotton fabric, reactive vinyl sulfone dye, adsorbent and textile 

bioindicators with bacterial cultures Staphylococcus aureus DM 

799. The adsorbent was composed of striped non-woven textile, 

which was impregnated with a solution of sodium carbonate, 

sodium dithionite and a surface active agent. A one-bath cold-

washing process (cotton, normal, 20 °C) was carried out, consisting 

of a main wash, three rinsing phases and final spinning. The effects 

were evaluated of dye re-deposition from the laundering bath onto 

the fabric and the reduction of micro-organisms. The testing 
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conditions met the Standards SIST EN 60456, SIST EN 16616, DIN 

ISO 2267, and IEC 62958. 

The results show that laundering with the addition of the striped 

adsorbent and IEC A* detergent reduced the higher log step 

reduction of Sa (more than 4 log steps) compared to the laundering 

without detergent (2.62 log step reduction), or laundering in a blind 

bath (1.61 log step reduction). The sorption efficiency of the 

functionalised nonwoven adsorbent is limited, capable of adsorption 

of a maximum of 0.1 g/L of reactive dye from the washing bath. 

Laundering in a bath of 20 °C, with the addition of a striped textile 

adsorbent or in combination with detergent IEC A*, does not 

prevent bio-contamination of the washing bath and textile load. 
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