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Introduction
Textile processing industries are one of the major sources for environmental pollu-
tion (Bhuiyan et  al. 2014). Huge amount of toxic and hazardous wastewater usually 
has discharged into the rivers, canals and water streams from textile industries. Thus, 
flora and agricultural land are severely affected. Moreover, the uses of synthetic dyes 
cause health hazards and negatively affect the ecosystem. Hence, researchers around 
the globe are trying to set up novel methods for textile coloration (Kumar and Bhow-
mik 2012).

In this concern, the demand of natural dyes is increasing to fulfill the environmen-
tal awareness. Natural dyes are eco-friendly, safe, non-carcinogenic, non-allergic 
and easy biodegradable. These dyes need no special care, produce uncommon and 
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soothing shades. Simple dye house is involved in their extraction and application pro-
cesses (Blackburn 2004; Samanta and Agarwal 2009; Saleh et al. 2013). But researchers 
are facing some problems to introduce the natural dyeing in bulk production. These are 
low exhaustion, poor color fastness properties, standardized method for dye extraction, 
complexity of dyeing process, reproducible results and blending problems (Lee 2007; 
Umbreen et al. 2008; Sachan and Kapoor 2007).

Different types of metallic salts were used to minimize those problems mostly. Alu-
minum potassium sulfate, stannous chloride, ferrous sulfate and copper sulfate are com-
monly used mordants. The metal ions can act as electron donor to form coordination 
bonds with the dye molecules. Mordants assist to form the chemical bridge between dye 
and fiber molecules. Thus, improves the dye molecule permanency onto fabric surface, 
i.e. color fastness properties of natural dye (Vankar 2000).

Oppositely, substantial portion of these metals remains unreacted which create envi-
ronmental impediment during disposal (Bechtold et al. 2003; Rovira et al. 2015). Toxic 
elements present in textile are not only responsible for environmental pollution, but 
also a potential health risk. Depending on the concentration level, trace metals in fin-
ished textiles may cause several skin and others diseases including dermatitis, irritation, 
allergy, skin micro-flora reduction, liver damage, pulmonary congestion, cancer and, etc. 
(Rovira et al. 2015; Von Goetz et al. 2013; Leme et al. 2014; Sengupta and Behera 2014). 
Therefore, it is necessary to use mordant for natural dyeing of textiles where the metals 
in wastewater and trace elements level in finished fabric will lies within safe zone.

Among numerous source of natural dyes, banana floral stem sap is a promising sus-
tainable option. Almost 89% shares of banana plant are accounted as agricultural bio-
waste (Repon et al. 2016a). BSF comprises of various elements including dye compounds 
namely flavonoids, tannin, proanthocyanin, etc. (Pinheiro and Justino 2012; Mabry et al. 
1970; Lin and Harnly 2012; Antoine et al. 2004). In our previous study, the dyeing time 
and temperature had optimized for cotton coloration using BFS where lower color fast-
ness properties and color difference were yielded without any mordants (Repon et  al. 
2016a, b).

This present study attempts to gratify the color fastness properties and produce vari-
ety of color using BFS as natural dye together with various metallic mordants. The met-
als concentration in mordant bath and wastewater were evaluated to find the ecological 
aspect during disposal. The levels of trace metals into the finished fabric were also meas-
ured to speculate the human health risk.

Methods
Materials

100% cotton knitted single jersey fabric was collected from “HI-FASHION COMPOS-
ITE TEXTILES LIMITD”, Joydebpur, Gazipur, Bangladesh. Areal density of this fabric 
was 170 g/m2. Table 1 depicts the color co-ordinates of the scoured bleached fabric used 
for this research work.
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Dyes and chemicals

Banana (Musa sapientum) floral Stem was collected from Tangail-1902, Bangladesh. 
Potassium alum AlK(SO4)2·12H2O, copper(II) sulfate pentahydrate (CuSO4·5H2O), 
tin(II) chloride pentahydrate (SnCl2·5H2O) and iron(II) sulfate heptahydrate 
(FeSO4·7H2O) were purchased from Merck, Germany. The ISO standard soaping agent 
without optical brighter (James heal, England) were used for removing unfixed dye from 
the fabric surface. All chemicals were laboratory grade and used without any further 
purification.

Sampling

Different samples are identified as tabulated in Table 2.

Natural dye extraction

Dye was retrieved according to our previous investigation (Repon et al. 2016a, b). Briefly, 
the banana (M. sapientum) floral stems were separated from banana tree and washed. 
Fresh floral stems were cut and sliced (Fig.  1). Sap was extracted from floral stem by 
roller squeezer machine. Then sap solution was filtrated by a nylon strainer and stored 
for application.

Table 1  Whiteness index (WI), brightness index (BI) and  color co-ordinates value of  the 
scoured-bleached sample

L*, lightness; a*, redness; b*, blueness; c*, chroma, H, Hue

WI BI L* a* b* c* H

68.38 94.19 93.68 −0.30 3.67 3.68 94.74

Table 2  Nomenclature of specimens

Sample types Identification

Untreated/control/reference sample A

Potassium alum treated sample B

Iron(II) sulfate treated sample C

Copper(II) sulfate treated sample D

Tin(II) chloride treated sample E

Fig. 1  Different parts of banana plant
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Mordanting

To promote the dye uptake, cotton specimens were treated with various positively 
charged metallic salts. Figure 2 expresses the chelating between cellulose and Al3+ via 
co-ordination linkage. Cotton fabric samples were subjected to pre-mordanting with 
5  g/L metallic mordants at 100  °C for 60  min (Repon et  al. 2016a, b). Figure  3 repre-
sents the process curve of pre-mordanting action. After mordanting action samples were 
impregnated into bath for overnight. Then the mordanted samples were squeezed and 
air dried in flat dryer machine (MESDAN, Italy). The material to liquor ratio were main-
tained as 1:20.

Dyeing

The dyeing action was ended according to our previous study (Repon et al. 2016a, b). 
Briefly, natural dyeing was performed according to exhaust method by Infra-red Lab 
Sample Dyeing Machine (XIAMEN RAPID, China) at 100 °C for 60 min (Fig. 4). Then 
the dye bath was cooled at 40  °C. Samples were washed at room temperature and air 

Fig. 2  Co-ordination bond formation during mordanting of cotton with alum (Chung et al. 2004)

Fig. 3  Process curve of pre-mordanting

Fig. 4  Process curve of natural dyeing
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dried in flat dryer machine (MESDAN, Italy). Then soaping was performed for removing 
unfixed dye from the fabric surface by 0.5 g/L ISO standard soap at 80 °C for 10 min. For 
both dyeing and soaping, the material to liquor ratio were kept as 1:20. No additional 
water was used in the dyeing bath. The probable bonding among tannic acid, flavonoids 
(Luteolin) of BFS with cellulose (Sinha et al. 2016; de Assis et al. 2014) have shown in 
Fig. 5. Figure 6 indicates photographs different dyed specimens for different mordanting 
agent’s variation.

Optical properties of banana floral stem sap

Physical and optical phenomena of the extracted natural dye from banana floral stem 
were accessed by the UV absorption spectra. UV–visible Spectrometer (T-60 UV–vis-
ible Spectrometer, PG Electronics, UK) was employed to take the UV spectra. Absorb-
ance was taken over the wavelength 230–700 nm.

Conformation of dye molecule into fabric

FTIR-ATR spectra of the scoured-bleached and dyed specimens for several mordants 
were observed to assure the presence of dye molecule into fabric by using the FTIR spec-
trophotometer (PerkinElmer Spectrum Two, UK). Samples were directly fitted on the 

Fig. 5  Binding among tannic acid, flavonoids (Luteolin) of banana floral stem sap with cotton surface (24, 25)
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respective place of universal ATR of the machine. Transmittance % was taken over the 
wavenumber 400–4000/cm for identifying the targeted functional groups.

Determination of hue, chroma and value difference of dyed fabric

The hue (ΔH*), chroma (ΔC*) and value difference (ΔL*) of the dyed samples were deter-
mined according to the CIE lab system by a dual beam reflectance Data-color Spectro-
flash SF 650X (USA) (Repon et al. 2016a, b). Each sample was folded twice to give an 
opaque view with four plies and values were measured automatically. Sample A was con-
sidered as the standard sample. The hue, chroma and value difference of the dyed sam-
ples were calculated by using the following Eqs. 1, 2 and 3 respectively.

Hue difference, 

where, Hs = sample and Hstd = standard.
Chroma difference, 

where, Cs = sample and Cstd = standard.
And value difference, 

where, Ls = sample and Lstd = standard.

Determination of color fastness properties

Standard methods were employed for evaluating color fastness properties of the selected 
dyed specimens. Color fastness to washing, rubbing (dry and wet), water, perspiration 
and light fastness tests were carried out by using grey scale of color change and color 
staining according to ISO 105-C06: 2010 (AATCC 2013a), ISO-105x12: 1995 (AATCC 
2013b), EN ISO 105-E01: 2013 (AATCC 2008), ISO 105-E04: 2013 (AATCC 2006) and 
EN ISO 105-B02: 2013 (AATCC 1996) method respectively.

(1)�H*=Hs −Hstd

(2)�C*=Cs − Cstd

(3)�L*=Ls − Lstd

Fig. 6  Photographs of dyed cotton specimen employing different mordanting agents
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Determination of environmental impact of wastewater

During mordanting of cotton with various metals, considerable volume of metal lefto-
ver as unreacted in the residual mordanting bath (Bechtold et al. 2003). Besides, these 
exhausted amounts of metals reside onto fabric surface by both physical and chemical 
bond. Consequently, during coloration process, the existed metals will not participate 
fully into the dye fiber binding purposes (Rather et al. 2016). Hence, the effluents after 
dyeing and subsequent washing were employed to determine the concentration of metal 
ions in the dyeing wastewater.

Metals loading in various stages were estimated by using the UV–visible Spectrom-
eter (T-60 UV–visible Spectrometer, PG Electronics, UK). Firstly, maximum absorption 
(λmax) wavelengths of different metals were determined. The λmax values of aluminum, 
iron, copper and tin were noticed as 244, 510, 643 and 210 nm respectively which are 
harmonized with the relevant previous studies (McIntyre et al. 1982; Lande et al. 2016; 
Al 2014; Spectrophotometric Analysis of Copper). Secondly, metals concentrations were 
determined against particular λmax values for each element.

From Beer Lambert law, the absorbance of any solution is directly proportional to its 
concentration. That means, the absorbance and concentration values of any particu-
lar chemical solution will follow the equation of straight line (Concentration Calcula-
tion from UV Vis Absorbance; Photometry). At any fixed λmax, the absorbance values 
of various solutions of known concentrations (reference sample) were calculated by 
the machine. Later, the standard calibration (concentration vs absorbance) curves were 
automatically developed by the machine software from the inputted concentration val-
ues of reference samples and calculated absorbance values of solution for different met-
als. Afterward, with respect to that calibration curve, metal concentrations of different 
stages were calculated. Metal ion concentrations in the residual mordant bath were 
evaluated in order to access the metals exhaustion percentages onto cotton surface. The 
exhausted amounts of metals were accessed by the Eq. 4 (Rather et al. 2016; Bechtold 
et al. 2003).

where, C0 and C1 are the concentration at the maximum wavelength (λmax) for different 
metals before and after any certain treatment. For accessing the environmental impact, 
the final concentrations of metals in effluent were compared with the legal limits for tex-
tile effluents released to a typical effluent treatment plant of Bangladesh (Tonetti and 
Innocenti 2009).

Determination of trace metals level in finished fabric

Atomic absorption spectroscopy was used to determine the level of trace metals in the 
finished fabric that will be in contact with skin. Samples were prepared by following the 
previous study (Rather et al. 2016). Briefly, samples were dried to remove the adsorbed 
moisture. Then, specimens were digested with 32.5% HNO3 (Merck, Germany). Fabric 
to acid ratio was kept as 1:20. Digestion was carried out in a microwave digester (Berg-
hof, Germany) step wise at various temperatures and times. Extracts were cooled, fil-
trated and preserved until element analysis. Atomic absorption spectrometer (Varian 

(4)% Exhaustion =

C0 − C1

C0

× 100
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AA 240 FS, Australia) was employed to access the concentration of Al3+, Fe2+, Cu2+ and 
Sn2+. Detection limits (mg/kg) were varied for various metals. Finally, outcomes were 
compared with five previous relevant studies (Rather et al. 2016; Rovira et al. 2015; Rezic 
and Steffan 2007; Menezes et al. 2010; Tuzen et al. 2008) to speculate the health risk.

Results and discussion
Optical properties of the dye

The UV visible absorption spectrum (Fig.  7) of natural dye solution corresponds to 
extracted sap from banana floral stem. The extracted floral stem sap was thick liquid and 
very light brown or dusty in color. The absorption spectrum is clearly indicating the Band 
I in 300–450 nm range where BFS revealed sharp absorption peaks in UV region with 
a maximum wavelength at 375 nm. Another Band II in the range of 240–295 nm was 
appeared by signifying appreciable absorption with a maximum wavelength at 275 nm. 
The presences of flavonoids in BFS are liable for the existences of these two major char-
acteristic bands (Pinheiro and Justino 2012; Mabry et al. 1970). Absorption due to B-ring 
cinnamoyl system and A-ring benzoyl system are corresponds to B and I and B and II 
respectively (Mabry et al. 1970). Various major and minor characteristics peaks in the 
different ranges are exemplifying that BSF is comprised of various flavonoids (300–
450  nm) namely flavones and flavonols (240–285  nm) and flavanones (270–295  nm) 
(Pinheiro and Justino 2012). The wavelength maximums can be grouped as: flavanols 
and proanthocyanidins at 278 nm, hydrolyzable tannins at 274 nm, flavanones at 288 nm 
and 3-hydroxylated flavonoles at 352 nm (Pinheiro and Justino 2012; Mabry et al. 1970; 
Lin and Harnly 2012; Antoine et al. 2004). Above characteristics picks are appeared due 
to fragmentation of flavonoid. Flavonoid glycosides possess acylated glycosyl moieties. 
Various acyl groups are formed due to diverse glycoside acylation which leads such frag-
mentation patterns of flavonoid. Flavonoids, tannins and proanthocyanidins are water 
soluble polyphenolic compounds   (Cuyckens and Claeys 2004; Cuyckens and Claeys 
2005; Barhanpurkar et  al.  2015). They have high molecular weight (about 500–3000) 
phenolic hydroxyl groups which enable them to procedure effective crosslinking with 
cotton fiber substrate via forming co-ordination bond (Basak et al. 2015).

Fig. 7  UV visible spectrum of banana floral stem sap
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Conformation of dye molecule into fabric

Figure 8 represents the IR spectra of scoured bleached (1) and dyed specimen using BFS 
(2).

Broad band at 3335.4/cm is attributed to –OH stretching vibration for H bonded H2O 
uptake (Bilba et al. 2007). Two peaks at 2915.2 and 2858.6/cm corresponds asymmetric 
and symmetric stretching of long methylene (–CH2–) chain for residual wax on cotton 
(Chung et al. 2004). For adsorbed H2O into the fabric specimen, peaks appeared at 1638/
cm (Chung et al. 2004). Peak at 1423/cm is attributed for C–H wagging of carbohydrate 
and lignin (Chung et al. 2004; Ibrahim et al. 2010). The presence of band at 1323/cm is 
endorsed for lignin (Miller and Wilkins 1952). Both peaks at 1153 and 1109/cm corre-
sponds for asymmetric ethar linkage (–C–O–C–) (Chung et al. 2004). Spectra (1) and 
(2) (Fig. 8) exhibited strong band at 1028.3/cm due to C–O–C symmetric stretching di-
alkyl ether linkages and C–O stretching vibration for cellulose, hemicellulose and minor 
lignin contribution (He et al. 2007). Peak at 898/cm attributes for β glycosidic linkage 
and asymmetric out of phase ring stretch of C1–O–C4 (Ali 2008).

For BFS stronger bands were seen at 1028.3, 1109, 1161.6, 1323.2 and 1638.4/cm for 
spectra of dyed fabric (2) than scoured bleached fabric (1) (Fig. 8) by declining over all 
transmittance % due to presence of tannin, flavonoid, lignin, etc. (de Assis et al. 2014). 
For dyed cotton with BFS (2), four major changes were appeared at peaks 882.83, 1000, 
1056.6, 1173.7 and 1396/cm respectively, which endorse the investigation of Basak 
et al. (2015), Paul et al. (2013) and de Assis et al. (2014) respectively. Due the presence 
of inorganic salts into BFS peaks were exhibited at 873, 1000 and 1176/cm for potas-
sium chloride, sodium phosphate and magnesium chloride respectively (He et al. 2007; 
Bhattacharya and Shah 2000). Peaks at 1056.6 corresponds –C–H and –C–O deforma-
tion band (de Assis et  al. 2014) and 1396/cm was responsible for CH deformation of 
–CH2– (Miller and Wilkins 1952). Figure 9 represents the IR spectra of dyed specimens 
for mordanting agent variation. Characteristic peaks were appeared for different metals 
in wavenumbers ranging 400–800/cm.

Fig. 8  FTIR-ATR spectra of scoured bleached (1) and dyed cotton using banana sap (2)



Page 10 of 17Repon et al. Fash Text  (2017) 4:24 

Hue, chroma and value difference

The hue angles of the specimens were decreased for treatment with metallic mordants 
(Table  3). The orders of decreasing hue difference (�H◦) of samples were found as 
B>E>C>D. The hue angles were decreased by 7.02, 3.36, 2.05 and 4% for B, C, D and E 
respectively than the control sample A. For B, the hue value was decreased 5.08% than D.

The orders of chroma difference (ΔC*) of samples were found as E>D>C>B. Mordant-
ing agent has positive impact on color saturation. For improved dye fiber linkage via 
coordination bond, E was 11.36% more saturated with color than A. Sample C and D 
were 7.97 and 8.36% more saturated than the specimen A correspondingly. The sample 
treated with stannous chloride was 10.83% more saturated than potassium alum treated.

The orders of value difference (∆L*) of the samples were found as C>D>E>B. Light-
ness were decreased due to treat with metallic mordants. Maximum value difference 
was observed for the sample C. The samples B, C, D and E were 4.32, 10.97, 9.42 and 
6.44% deeper than the reference sample A. Lower lightness value was observed for iron 
mordanted samples as it has coordination number 6, i.e. stronger capability of dye-mor-
dant-fiber interactions than that of copper, tin and alum respectively. The color satura-
tion (C*) and lightness (L*) have followed opposing fashion. Alum mordanted specimens 
were exhibited higher L*, as it block dye molecules by bonding with more dye than that 
of the fiber molecule. The alteration of yellowness and redness had followed same fash-
ion (Uddin 2015; Ali 2008).

Fig. 9  FTIR-ATR spectra of dyed cotton for different mordanting agents

Table 3  Effect of mordanting agent variation on hue, chroma and value difference

Sample types Hue difference (ΔH°) Chroma difference (ΔC*) Value difference (∆L*)

A Control sample

B −5.04 0.06 −3.49

C −2.41 1.01 −8.86

D −1.47 1.06 −7.61

E −2.87 1.44 −5.20
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Color fastness to wash

The overall results of color fastness to wash of dyed samples were very good shown in 
Table 4. The control specimen A showed color change rating of 4 which is explained as 
good washing fastness. 4–5 color change rating were observed for all mordanted sam-
ples. Sample C indicated 4 (good) and B, D and E exhibited 4/5 (very good) rating in 
color change. The color staining rating was detected 3/4 for A. For B and C, the ratings 
were noticed as 4 which indicate the slightly staining of dye on to the adjacent wool fiber 
of multifibre fabric. No staining was occurred on other fiber of multifibre fabrics for all 
samples.

Color fastness to rubbing and light

The rating of color fastness to rubbing (dry and wet) and light of the control and mor-
danted specimens were evaluated and presented in the Table  5. The overall results of 
color fastness to rubbing of all samples were very good. Unmordanted dyed samples (A) 
demonstrated the rating of 4 (good) for both dry and wet rubbing properties. Very good 
wet and dry rubbing properties were exhibited by all mordanted dyed specimens such as 
B, C, D and F respectively.

Regarding light fastness, the rating of 2 was showed by the sample A, which indi-
cates poor light fastness property. Specimens B, C, D and E displayed rating of 2/3 that 
means light fastness were improved a little bit due to dye-mordant-fiber interaction, i.e. 
mordanting with metallic salts (46). In case of BFS, lower intra-molecular H bond exist 
between dye molecule and fiber which increases the electron density at the chromo-
spheres. Consequently, sensitivity of dye towards photochemical oxidation is increased 
(Ghaly et al. 2014).

Table 4  Color fastness to wash

Samples types Change in color Staining in color

Acetate Cotton Nylon Polyester Acrylic Wool

A 4 4–5 4–5 4–5 4–5 4–5 3–4

B 4–5 4–5 4–5 4–5 4–5 4–5 4

C 4 4–5 4–5 4–5 4–5 4–5 4

D 4–5 4–5 4–5 4–5 4–5 4–5 4–5

E 4–5 4–5 4–5 4–5 4–5 4–5 4–5

Table 5  Color fastness to rubbing and light

Samples types Rubbing fastness Light fastness

Dry Wet

A 4 4 2

B 4–5 4–5 2–3

C 4–5 4–5 2–3

D 4–5 4–5 2–3

E 4–5 4–5 2–3
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Color fastness to water

The rating of color fastness to water of unmordanted and mordanted samples illustrates 
in Table 6. In case of color change, the samples A, C and E showed 4 (good) rating and B 
and D showed very good rating (4/5). The color staining rating were observed as four for 
the specimens A and C, which indicates slightly staining of dye molecules on to the adja-
cent wool fiber of multifibre fabric. All other mordanted samples directed no staining of 
color on other fibers of multifibre fabric.

Color fastness to perspiration

Table 7 illustrates the color fastness to perspiration.
Unmordanted dyed specimens showed rating of 4 in color change for both acidic and 

alkaline perspiration. Very good color staining on cotton was observed. The samples A, 
D and E showed rating of 4 in acid perspiration. Expediently, all samples presented very 
good grade, i.e. 4/5 in both color change and staining for both acid and alkali condition.

Control samples exhibited slightly infirrior color fastness properties than the mor-
danted samples due to dye–fiber interaction only. For the dye-mordant-fiber intereation, 
all mordanted samples were exhibited upgraded outcomes interestingly. BFS comprises 
of many organic and inorganic compounds (de Assis et  al. 2014). Hydroxyl and car-
bonyl groups in the polyphenolic flavonoids and cellulose structure are capable of form-
ing chelate by co-ordination bond with positively charged metals. Some alteration were 
appeared in color coordinates value for mordanted dyed specimens as compared (B, C, 
D, and E) to the control sample (A). Hence, one molecule of metal can form a bond with 
two or more molecules of dye and fiber simultaneously according to their co-ordination 
numbers. Both iron and copper metals have excellent ability to form complexes by read-
ily chelating with the dye molecule. As the coordination numbers of copper and iron are 
4 and 6 respectively, some co-ordination sites remain vacant when they interact with the 

Table 6  Color fastness to water

Samples types Change in color Staining in color

Acetate Cotton Nylon Polyester Acrylic Wool

A 4 4–5 4–5 4–5 4–5 4–5 4

B 4–5 4–5 4–5 4–5 4–5 4–5 4–5

C 4 4–5 4–5 4–5 4–5 4–5 4

D 4–5 4–5 4–5 4–5 4–5 4–5 4–5

E 4 4–5 4–5 4–5 4–5 4–5 4–5

Table 7  Color fastness to perspiration

Samples types Alkaline Acid

Change in color Color staining on cotton Change in color Color staining on cotton

A 4 4–5 4 4–5

B 4–5 4–5 4 4–5

C 4–5 4–5 4–5 4–5

D 4–5 4–5 4 4–5

E 4–5 4–5 4 4–5
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cotton. Thus, metals can form a complex simultaneously with the cotton in one site by 
keeping the dye (tannin, flavonoids) on the other site. Such firm binding promote dye 
uptake accordingly. Iron exhibited stronger fabric-mordants-dye interaction than copper 
(Uddin 2015; Ali 2008). Thus, all mordanted samples were exhibited better color fastness 
properties. Exceptionally, iron has stronger coordination linkage formation capability for 
higher coordination numbers 6 than other metals. In case of tin, slightly change in color 
was also appeared for its lower coordination bond strength.

Environmental impact of various metals in wastewater

Metal loading in different stages such as, the exhausted metals % onto fabric surface, 
concentration of residual metals in mordant bath and concentration of metals in dye-
ing wastewater were tabulated in Table 8. The concentrations of metals in effluent were 
compared with legal limits for textile effluents released to a typical effluent treatment 
plant in Bangladesh (Tonetti and Innocenti 2009). The metals exhaustion % onto fabric 
surface were noticed as 61.79, 74.47, 69.19 and 65.85% for Al3+, Fe2+, Cu2+ and Sn2+ 
respectively.

Fluctuations in exhaustion percentages for different metals correspond to the co-ordi-
nation bond formation capability with fiber molecule. The co-ordination bond forma-
tion phenomena of metals depend on the co-ordination number. In case of Fe treated 
specimens, more metals were exhausted as iron has higher co-ordination number 
amongst the employed metals. Almost 60–75% of metals were exhausted onto fabric 
surface. These unreacted metals in mordant bath are great headache of environmental 
impediment. Moreover, during coloration process, the exhausted amount of metals will 
not partake fully into the dye–fiber binding purposes. So, the effluent after dyeing and 
washing were used to determine the concentration of metal ions into dyeing wastewa-
ter before discharge. The concentration of metals ions in residual mordant bath were 
found as 1.91, 1.28, 1.54 and 1.71 g/L for Al3+, Fe2+, Cu2+ and Sn2+ separately. Due to 
the lower exhaustion %, more amount residual metals were found for Al3+. The amounts 
of metal ions that remain unexhausted in the mordant baths were more than that of the 
legal limits for textile effluents discharged to a typical effluent treatment plant of home 
and abroad (Tonetti and Innocenti 2009). Though the amount of Fe2+ in mordant bath 
was within the acceptable range of Bangladesh limit but fatefully it was up to almost 
four times higher than the international limits (Rather et al. 2016; Tonetti and Innocenti 
2009).

Table 8  Assessment of various metals in mordant bath and wastewater

a  The given limits are valid for waste water released to a communal waste water treatment plant in Bangladesh

Metals in mordant 
bath

Metal exhaustion 
% onto fabric

Residual metal 
concentration 
in mordant bath 
(g/L)

Concentration 
of metal in dyeing 
wastewater (g/L)

Legal limits of textile 
effluents (Tonetti 
and Innocenti 2009) 
(g/L)a

5 g/L 
AlK(SO4)2·12H2O

61.79 1.91 0.11 –

5 g/L FeSO4·7H2O 74.47 1.28 0.29 2

5 g/L CuSO4·5H2O 69.19 1.54 0.19 0.5

5 g/L SnCl2·5H2O 65.86 1.71 0.021 –



Page 14 of 17Repon et al. Fash Text  (2017) 4:24 

Regarding the concentrations of metals in dyeing wastewater, the amount of Al3+, 
Fe2+, Cu2+ and Sn2 were found as 0.11, 0.29, 0.19 and 0.021 g/L correspondingly. The 
recorded concentrations metals in dyeing wastewater lie within the acceptable range. 
But regrettably employed metallic salts also release substantial amount of SO4

2− which 
are beyond the acceptable limit (Rather et  al. 2016). Therefore, these metals will lead 
disposal and environmental related obstacles (Rather et  al. 2016; Bechtold et  al. 2003; 
Tonetti and Innocenti 2009).

Level of trace metals in the finished fabric

Level of trace metals in finished fabric is tabulated in the following Table  9. Findings 
were compared with five previous studies on detection of trace elements in the fabric 
(Rather et al. 2016; Rovira et al. 2015; Rezic and Steffan 2007; Menezes et al. 2010; Tuzen 
et al. 2008). For determining the elements, optical emission spectrometry was employed 
by Rather et al. (2016), Rovira et al. (2015) and Rezic and Steffan (2007) where atomic 
absorption spectrometry was used by Menezes et al. (2010) and Tuzen et al. (2008). In 
our present study, atomic absorption spectrometry was followed. The ranges of trace 
element such as Al3+, Fe2+, Cu2+ and Sn2+ were found as 7.27–73.8, 5.54–29.82, 1.27–
78.5 and 0.12–0.53 mg/kg respectively. Outcomes of this study were harmonious with 
the values of previous relevant experiment (Rather et al. 2016; Rovira et al. 2015; Rezic 
and Steffan 2007; Menezes et al. 2010; Tuzen et al. 2008). The level of Cu2+ was higher 
than that of other metals. These metals are prone to migrate onto the human skin under 
sweating or wet condition. According to previous investigation, depending on the migra-
tion rate of trace elements, several skin and other diseases can be occurred which were 
studied by dermal exposure through the skin-contact clothes (Rovira et  al. 2016; Von 
Goetz et  al. 2013; Avagyan et  al. 2015; Leme et  al. 2014; Sengupta and Behera 2014; 
Clausen et al. 2016). Averagely, the detected trace metals are typically migrated ranging 
0.6–60% (Tuzen et al. 2008). Among these four metals, only Cu2+ is in the suggested list 
of heavy metals by the Oeko-Tex Standard 100 level (Oeko-Tex Standard 100 (Edition-1) 
2011) to protect consumers and to limit the use of some chemical substances that are 
dangerous to human safety (Tonetti and Innocenti 2009). Moreover, the migration rate 
of Cu2+ was lower than that of Al3+, Fe2+ and Sn2+ respectively. Therefore, Cu2+ was in 
the safe zone of hazard quotient (Rezic and Steffan 2007).

Table 9  Value of trace metals in finished fabric

ND not detected

Elements Concentration (mg/kg) of trace metals in finished fabric

Literatures values Present work

Rather et al. 
(2016)

Rovira et al. 
(2015)

Rezic 
and Steffan 
(2007)

Menezes et al. 
(2010)

Tuzen et al. 
(2008)

Al 1.68–351 1.37–168 8.59–31 17.6–117.5 – 7.27–73.8

Fe 1.09–194 3.38–35.1 5.26–325.9 12.1–66.1 5.17–325.9 5.54–29.82

Cu ND–439 ND–287 ND–89.9 ND–273 0.36–193.9 1.27–78.4

Sn ND–0.93 ND–0.72 – – – 0.12–0.53
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Conclusions
This investigation were carried out to satisfy the color fastness properties and limited 
color variety which are presumed as key constrains in application of natural dyes on tex-
tile coloration. Here, cotton fabric was pre-mordanted with metallic salts to improve dye 
(BFS) fiber binding through fiber-metal-dye interaction via coordination bond. The color 
differences were represented by ΔH*, ΔC* and ΔL* respectively. Except light fastness all 
other color fastness properties were gratified greatly. But color variety was not attained 
in higher extent. For environmental hazard analysis, the metals loading were calculated 
from residual mordanting bath and dyeing wastewater respectively. The amounts of 
residual metal ions in mordant bath were beyond the acceptable limit of environmental 
standards. Though in dyeing wastewater iron and copper existed within the acceptable 
range but unfortunately the substantial amount of SO4

2− incurred from these metal salts 
would beyond the acceptable limit. However, the levels of trace metals present in the fin-
ished fabric were supposed as not harmful for human health. Therefore, further explo-
ration could be continued to develop novel pathways of color multiplicity by ensuring 
augmented color fastness as well as to depose the forthcoming uses of metal salts.
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