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ABSTRACT

This paper describes the scope of employing high-energy gamma irradiation for textile
wastewater treatment and the possibility of using the treated wastewater in the dyeing of
knitted cotton fabric. The treatment was carried out in Cobalt-60 gamma radiation source at
different irradiation doses (3, 5, 8, and 12 kGy). Then, the irradiated wastewater was used
for dyeing of cotton fabric with reactive dye. The performance of the fabric dyed with trea-
ted wastewater was compared to that of the fabric dyed with freshwater. Hence, the dyeing
performance was evaluated by comparing the depth of shades of both types of dyed fabrics
from the analysis of absorption spectrum (K/S value vs. wavelength). The absorption curves
of irradiated wastewater dyed fabric in light, medium, and dark shade of three different
colors have shown close match to their corresponding freshwater dyed fabric. Variation of
shade between the dyed fabrics, representing by ΔE values, were also found within the
maximum acceptable limit as it ranges from 0.02 to 0.9. The color fastness of the dyed fabric
was also measured with respect to perspiration, rubbing, and washing. In case of fastness,
both types of fabrics have shown similar rating (4–5) which lies between “good” to
“excellent”.
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suitable for recycling [4]. A considerable amount
(10–40%) of unfixed hydrolyzed dyes remains in tex-
tile wastewater causing highly colored effluent dis-
charge [5]. Thus, the reactive dye is the main source
of pollution in the textile industry. Moreover, rivers,
canals, and streams of Bangladesh are extensively
contaminated with textile wastewater due to the
direct discharge of effluent by the industries. As a
result, textile industries in Bangladesh are creating
agonizing problems by polluting the existing water
bodies and depleting the groundwater level. These
conditions will make the life unsafe and will not
support the sustainable development of textile indus-
tries in Bangladesh. Likewise, due to increasing pop-
ulation, the industries have to face the pressure to
recover and reuse some of its wastewater, or face the
danger of being shutdown [6]. This is due to the
combined pressure of increasing water demand and
wastewater treatment costs. As a result, the reuse of
wastewater has drawn a great attention to the
researchers around the globe [7–11].

The color of the textile wastewater is not removed
efficiently by ordinary treatment technology. Typical
techniques for treatment of wastewater include the
classical methods such as adsorption [12–14], coagula-
tion [15,16], filtration [17], and sedimentation [18]. All
these techniques have some degree of effectiveness,
but all of them generate secondary waste which needs
to be tackled further [19]. On the contrary, biological
treatment based on activated sludge can efficiently
reduce the COD, but complete color removal is not
possible with this technique [20]. Moreover, huge
space is required to set up a biological plant. In addi-
tion, applications of membrane technologies in textile
industries are not very common yet [20]. Again, the
ultra-filtration techniques prove its success mainly for
the recovery of size materials from desizing effluent
and indigo dye particles from the discharged dye
liquor [21].

In this regard, ionization radiation technology is
the promising technique to decolorize and decom-
pose the textile wastewater [22] with no further gen-
eration of secondary waste. The radiation technology
methods normally utilize a strong oxidizing species
such as �OH radicals which have high electrochemi-
cal oxidation potential and cause a sequence of reac-
tions thereafter to breakdown the macromolecules of
dye into smaller and less harmful substances [23].
High-energy radiation produces instantaneous radio-
lytic transformation through energy transfer from
high-energy accelerated electrons to the orbital elec-
trons of water molecules. Absorbed energy disturbs
the electron system of the molecule resulting in the

breakage of interatomic bonds and ionizing the water
molecules forming H2O

+. Various active species are
generated due to the radiation interaction between
gamma rays and water as shown in the equations
given below.

H2O
þ þ e� !�OHþ�H

Hþ þH2Oþ e� ! H3O
þ þ e� ! 2H� þ�OH

OHþ þH2Oþ e� !�Hþ 2�OH

In the presence of dissolved air or oxygen, a radical
known as perhydroxyl radical i.e. �HO2 is also formed:

�HþO2 !�HO2

Generally, these species are hydroxyl radical (�OH),
hydrogen radical (H�), hydrated electron (e−aq), hydro-
gen peroxide (H2O2), and so on [24]. Among these
products, the most reactive species are hydroxyl radi-
cal and hydrated electron. Hydroxyl radical attacks
the conjugated double bond of the dye particle and
breaks it [24]. Thus, the colored dye molecules pro-
duce colorless smaller molecules, which results in the
decoloration of the effluent.

This study explores the feasibility of reusing textile
wastewater for the dyeing cotton fabric after decolor-
izing by gamma irradiation, which will eventually
reduce the wastewater generation and freshwater con-
sumption rate.

2. Materials and methods

2.1. Sample collection and irradiation

Textile wastewater was collected directly from the
equalization basin of Effluent Treatment Plant of
Divine Textiles Mills Ltd, Gazipur, Bangladesh. Col-
lected water samples were irradiated in a 500ml plas-
tic bottle at four different radiation doses (3, 5, 8, and
12 kGy) at room temperature at a dose rate 13 kGy/h
without any further treatment or dilution. The electro-
magnetic radiation (gamma rays) emitted from Cobalt-
60 source was carried out at Institute of Radiation and
Polymer Technology, Bangladesh Atomic Energy
Commission, Dhaka. Then, the presence of color and
pH value in wastewater was measured by UV spectro-
photometer and digital pH meter, respectively. At last,
the irradiated wastewaters were filtered to remove
any coarse materials before using for dyeing perfor-
mance analysis.
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2.2. Measurement of pH

The pH of the raw wastewater and irradiated sam-
ples was measured directly by digital pH meter (Eco-
scen, 1161795) from Eutech Instruments, Singapore.

2.3. Measurement of color removal efficiency

The color absorbance of raw and irradiated waste-
water was measured by UV–Vis spectrophotometer
(T60, PG Instrument from UK). The degree of decolor-
ation was then calculated from the decrease in absor-
bance at maximum absorption wavelength after
irradiation as follows [19]:

Decoloration ð%Þ ¼ A0 � A1

A0
� 100 (1)

where A0 and A1 are the maximum absorbance in visi-
ble area of the textile wastewater before and after irra-
diation.

2.4. Dyeing of fabric samples

Three commercial reactive dyes namely Novacron
Yellow FN2R, Novacron Red FN2BL, and Novacron
Blue FNR were used to dye 5 g scoured, bleached,
and enzyme-treated 100% cotton plain knit fabric
(120 GSM) in a laboratory dyeing machine. Dyestuffs
were collected from Swiss Colours Ltd.Bangladesh
and commercial detergent (Imeron PCLF) and level-
ing agent (Drimagen E3R) were collected from Clari-
ant, Bangladesh and used as received. Sodium
sulfate (Glauber salt), soda ash, and acetic acid were
used as received and all were of commercial grade.
The dyeing was carried out in Sandolab Infrared lab
dyeing machine from Copower Technology Ltd.,
Taiwan.

Fabric samples were dyed with each of the above-
mentioned dyes at three different shade percentages
(5, 1.5, and 0.5% on the weight of fabric) using fresh
and irradiated wastewater. General recipe is given in
Table 1.

Fabric samples of 5.0 g (± 5%) were dyed for each
color in three different shades by exhaust dyeing
method. The dyeing procedure is shown in Fig. 1.

2.5. Dyeing performance test

The performance of dyed fabric regarding the
depth of color was analyzed using spectrophotometer
(Data Color 650 from USA). Color fastness to wash,
rubbing, and perspiration was measured according to
ISO 105 C03, ISO 105 X 12: 1993, and ISO 105 E04,
respectively. Wash fastness tester (Gyrowash model
no: 415/8), perspiration fastness tester (Perspirometer
model: HX-30), and rubbing fastness tester (Crock
meter, model no: 670) from James H. Heal & Co, UK
were used for the respective fastness testing.

3. Results and discussions

3.1. Analysis of pH change

The actual pH of the reactive dye bath normally
lies between 10 and 11. However, the final pH of the
wastewater in mixing tank, wastewaters from dyebath
mixed with other wastewater from other processes,
has been found to be around 8–9. After irradiation,
the pH value of the wastewater was decreased from 9
to nearly neutral value of 7–7.5 due to the formation
of organic acids (such as dicarboxylic acids or mono-
carboxylic acids like acetic acid and other acidic aro-
matic compounds or carboxylic acid) due to the
breakdown of aromatic rings [23]. The reduction per-
centage of pH of wastewater after irradiation is shown
in Fig. 2.

Table 1
General dyeing recipe for all test samples

Shade % → Deep shade (5%) Medium shade (1.5%) Light shade (0.5%)

Ingredients ↓
Wetting agent 1 g/l 1 g/l 1 g/l
Leveling agent 1 g/l 1 g/l 1 g/l
Dyes 5.0% (owf) 1.5% (owf) 0.5% (owf)
Glauber salt 40 g/l 30 g/l 15 g/l
Soda ash 10 g/l 8 g/l 4 g/l
Material liquor ratio 1:10 1:10 1:10
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From the study, it has been found that, though the
pH of the final wastewater of a textile industry may
vary depending on the nature of processing but after
irradiation the pH has decreased with the radiation
doses but the rate of reduction is not significant with
increasing radiation dose. The insignificant reduction
of pH of wastewater with higher radiation dose is due
to the organic acid resulted from the breakdown of
benzene ring, is converted to further smaller compo-
nents [23].

3.2. Analysis of color removal efficiency

Color removal efficiency was analyzed by measur-
ing the presence of color in irradiated and unirradi-
ated wastewater though UV–Vis spectrophotometer.
However, color of the textile wastewater differs signif-
icantly according to different textile processing, chemi-
cals, and dyes. As a result, a fixed radiation dose

cannot be suggested for all type of textile wastewater.
The current research applied 3, 5, 8, and 12 kGy radia-
tion dose on various types of textile wastewater,
which were collected from time to time throughout
the year. Then, the color reduction percentages were
measured. The color reduction percentages of col-
lected wastewater at above-mentioned four radiation
doses are given in Fig. 3.

From the figure, it is clear that color reduction per-
centages increase according to the gradual increment
of radiation dose. The statistical analysis shows that
there are fluctuations in color reduction at different
radiation doses resulting in longer error bar due to
different types of dye present in wastewater. The
amount of color reduction by radiation depends on
color and structure [22] of the dye. Wastewater col-
lected for the current investigation was not taken
selectively. Therefore, water samples were of different
types containing different amount of dyestuff that
shows variation in the reduction of color by irradia-
tion. Furthermore, from the investigation, it has also
been found that color reduction percentages do not
increase significantly after the increment of radiation
dose beyond 5 kGy. So, considering the cost effective-
ness of the process, only 5 kGy irradiated wastewater
was selected for the current research purpose to ana-
lyze the dyeing performance.

3.3. Shade matching

In a commercial dye house, textile materials are
dyed to match the color of a produced shade against a
given standard. This is known as shade matching. In
case of shade matching, the variation of shade is
determined using spectrophotometer and the term is
expressed in CMC ΔE value [3].

�ECMC ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�L�

l� SL

� �2

þ �C�ab
c� SC

� �2

þ �H�ab
SH

� �2
s

(2)

Add 
auxiliaries 

& dyes 

Add Salt 

Add Sample at 
40oC 

Add alkali & run 60oC × 
60 min 

Normal 
hot 

Neutrali
zation  

Hot wash at 90 oC 
× 10 min 

Cold 
wash 

Time
T

em
pe

ra
tu

re
  

Fig. 1. Dyeing curve of cotton fabric with reactive dye.

Fig. 2. pH reduction percentages of irradiated wastewater
at different radiation doses.
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where ΔL*, ΔC*ab, ΔH*ab, l, SL, SC, c, and SH signify
their respective values as discussed by Broadbent [3].
The maximum acceptable value for ΔE is 1 [3], where

lower value indicates that the reproduced color is clo-
ser to the original and vice versa. In the present study,
the fabric samples were dyed in three different shades
in three different shade percentages from light to dark.
The ΔE values were measured in respect to freshwater
samples that are shown in Fig. 4.

Fig. 4 illustrates that all the ΔE values lies under
the maximum allowable limit, which signify that dye-
ing with irradiated wastewater does not pose any
problem in shade matching. The lower ΔE values also
denote that the dye exhaustion and fixation were
almost similar in both cases of dyeing with freshwater
and wastewater. Hence, it can be concluded that the
irradiated wastewater has no negative influence for
dyeing and color reproduction of fabrics.

Fig. 3. Amount of color reduction of wastewater at different radiation doses.

Fig. 4. Color difference (ΔE values) of wastewater treated
fabrics and freshwater treated fabrics at different shade
percentages with respect to maximum allowable limit.

Fig. 5. Dye absorption (K/S value vs. wavelength) at λmax = 630 nm of Novacron Blue FNR.
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3.4. Color depth analysis

Color depth of the dyed fabrics was analyzed by
measuring the K/S values of respective shades. Color
measuring instrument (spectrophotometer) determines
the K/S value of a given fabric through Kubelka–
Munk equation as follows [3].

K

S
¼ ð1� RÞ2

2R
(3)

where R = reflectance percentage, K = absorption
co-efficient, and S = scattering co-efficient of dyes. This
value was derived from the attenuation ratio of light
due to absorption and scattering, which was found to

be based on reflectance. The values found for all the
fabrics of different color and depth of shade are
shown in Figs. 5–7.

The figures for each color shows six different
curves for three different shade percentages. The more
the dyestuff in the fabric causes the deeper shade,
resulting in higher K/S value in the curve. The curves
formed by the 5% shade shows elevated K/S value,
whereas the curves for 0.5% shade forms almost flat-
tened curves due to lower K/S value. However, the
fabrics dyed in fresh and treated water shows nearly
similar curves for a particular shade percentage of
each color. This indicates that the fabric absorbed the
same amount of dyestuff from both types of dyebath
(fresh and treated water). Because the absorption of

Fig. 6. Dye absorption (K/S value vs. wavelength) at λmax = 440 nm of Novacron Yellow FN2R.

Fig. 7. Dye absorption (K/S value vs. wavelength) at λmax = 540 nm of Novacron Red FN2BL.
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the same amount of dyes, the depth of shades was
also found almost similar in the freshwater dyed sam-
ples and irradiated wastewater dyed samples.

3.5. Color fastness properties of the dyed fabrics

Three types of color fastnesses such as color fast-
ness to rubbing, washing, and perspiration of the
dyed fabrics were measured by gray scale. Color

fastness to washing and perspiration was assessed by
color change options with respect to medium cellu-
losic wash. Rubbing fastness of dyed fabric samples
was evaluated both in dry and wet condition. The
color fastness ratings of freshwater and treated water
dyed fabrics are tabulated in the Tables 2–4.

All the fabric samples are dyed in similar dyeing
conditions except water (fresh and treated) which is
used as dyeing medium. In the previous section,

Table 2
Color fastness to rubbing (dry and wet) of dyed cotton fabric

Dye Shade (%)

Fresh water dyed Treated water dyed

Dry Wet Dry Wet

Novacron Yellow FN2R 0.5 4/5 4/5 4/5 4/5
1.5 4/5 4/5 4/5 4/5
5.0 4 3/4 4 3/4

Novacron Red FN 2BL 0.5 4/5 4/5 4/5 4/5
1.5 4/5 4/5 4/5 4/5
5.0 4 4 4 3/4

Novacron Blue FNR 0.5 4/5 4/5 4/5 4/5
1.5 4/5 4 4/5 4
5.0 4 3/4 4 3/4

Table 3
Color fastness to washing (color change) of dyed cotton fabric

Dye Shade (%) Freshwater dyed Treated water dyed

Novacron Yellow FN2R 0.5 4 4
1.5 4/5 4/5
5.0 4/5 4/5

Novacron Red FN 2BL 0.5 4/5 4/5
1.5 4/5 4/5
5.0 4/5 4

Novacron Blue FNR 0.5 4 4/5
1.5 4 4
5.0 4 4

Table 4
Color fastness to perspiration (color change) of dyed cotton fabric

Shade Shade (%) Freshwater dyed Treated water dyed

Novacron Yellow FN2R 0.5 4 4
1.5 4/5 4/5
5.0 4/5 4/5

Novacron Red FN 2BL 0.5 4/5 4/5
1.5 4/5 4/5
5.0 4/5 4/5

Novacron Blue FNR 0.5 4 4/5
1.5 4 4
5.0 4 4
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similarity of shade has been discussed. In view of simi-
lar depth of shade, it can be predicted that the dyed fab-
rics will also show similar color fastness properties. The
results of all color fastness tests carried out for the cur-
rent research have supported the prediction. The color
fastness results in the tables show that fresh and treated
water dyed fabrics have almost similar fastness rating
of “good” to “excellent” (within numerical grade 4–5)
[3] with very negligible variation.

4. Conclusion

Dyeability of textile wastewater after gamma irra-
diation has been investigated. The detailed results
have demonstrated that the dyeing performance of a
fabric in respect to depth of shade, shade matching,
and fastness rating is quite acceptable when the irradi-
ated wastewater is used as dyeing medium instead of
freshwater. So, it is concluded that irradiated waste-
water can be used satisfactorily for the dyeing of tex-
tile materials.
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