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Abstract

Investigations carried out to study the feasibility of application of ozone technology for decolouration, toxicity and towards

recycling of acid dye effluents for dyeing of silk fabric are reported in this paper. The dyes Acid Red 88, Acid Red 18, Acid Orange 7,
Acid Orange 10 and Acid Red 73 were used in this study. The used dye baths were treated with ozone till complete colour removal
and reused. For all the dyes two successive recycling processes were carried out. Characteristics of effluents and ozone treated

effluents were assessed in terms of total dissolved solids (TDS) and chemical oxygen demand (COD). Gambusia affinis was used for
the bioassay tests to find the LC50 value of the treated effluents. The effect of recycling on quality of dyeing was determined using
colour difference (DE*) and relative unlevelness index (RUI). This study reveals that treatment of acid dye effluents with ozone does

not have an effect on TDS reduction. But it reduces the COD of effluents including the effluents obtained in recycling processes. The
toxicity of the ozone treated effluents increases with increasing time. A dye having a greater number of sulphonic acid groups in its
structure reveals higher toxicity. Resulting effluents from the application of Acid Red 88 and Acid Red 73 on silk fabric can be
recycled twice and those from Acid Red 18 and Acid Orange 10 can be recycled once with acceptable DE* values. Acid Orange 7

effluent is found to be unsuitable for recycling because of its higher colour difference values. The levelness of the shade determined
on the basis of RUI, produced on the silk fabric in the recycling processes, is either excellent or good in all the cases, which include
those producing higher colour difference.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Reuse of water in textile processes has been the
subject of research and development work in recent
years [1e11]. The incentives for reuse of water are great,
since there is a potential for reduction of both water
requirements and wastewater treatment costs. One of
the approaches to reuse the dye bath is to reconstitute
the dye bath by adding the required amount of dyes and
chemicals after analysing the dye liquor. This method is
applicable only if the dyeing process does not change the
character of the residual dye in the bath. Another
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approach is to remove the residual colouring matter
prior to reuse. This method is applicable to any class of
dye provided sufficient colour is removed.

Vandevivere et al. and Skelly [7,9] reviewed the
efficiency of the recycling process in textile wet processing
industries and they found that reuse of the treated dye
baths saves chemicals and water. Perkins et al. [2,4]
reported that the dye bath water was suitable for repeated
dyeing if it is treated by chlorination. Also, they assessed
the performance of the reuse by colour difference (DE*)
values of the dyed samples obtained from the treated
effluent and found that 4 out of 10 samples were of less
than the acceptable level. Perkins and Reed [3] reported
that reusing ozone treated water for dyeing with vinyl
sulphone dyes shows excellent colour reproducibility.
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The effluents from textile dyeing industries contain
a variety of chemicals and dyes, which are carcinogenic
andmutagenic [12,13]. The nature and extent of pollution
depend on the biochemical oxygen demand (BOD)
and dissolved oxygen (DO) in the aquatic bodies [14].
The chemicals present in the dye effluents deplete DO
and increase the BOD, which can cause heavy fish
mortality by interfering with respiratory physiology
[15e17].

Hence, an investigation was carried out to study the
feasibility of application of ozone technology towards
recycling of acid dye effluents for dyeing of silk fabric
and the toxicity of the ozone treated effluents. The dyes
Acid Red 88, Acid Red 18, Acid Orange 7, Acid Orange
10 and Acid Red 73 were selected for this study. The used
dye baths were treated with ozone until entire colour was
removed. The resulting liquor was used for further
dyeing studies. For all the dyes, two successive recycling
processes were carried out. The results, namely, total
dissolved solids (TDS) and chemical oxygen demand
(COD) of the effluents before and after treatment, colour
difference (DE*), relative unlevelness index (RUI) of the
dyed fabrics and LC50 of the ozone treated effluents, are
reported along with suitable discussions.

2. Experimental

2.1. Apparatus

The experimental set-up consisted of an oxygen
concentrator (Sim O2 plus, Italy), ozone generator
(Ozonetek Ltd., India), ozonation chamber and ozone
destructor (Ozonetek Ltd., India). A controlled flow rate
of 2 l/min of oxygen was used to produce 2 g/h of ozone.
The concentration of ozone was analysed using an
ozone analyzer (BMT 201, Berlin). The ozonation
chamber consists of a 1850 mm glass column with
50 mm inner diameter having a capacity to hold 1000 ml
of effluent. It was provided with a sample port at various
points, an ozone gas inlet at the bottom with a ceramic
diffuser over the inlet port to diffuse the oxygen/ozone
gas mixture through the column and a closed top with
a collection port to collect the unreacted ozone gas for
analysis and to the thermal vent ozone destructor before
venting it out. A PTFE tube was used for connecting the
ozone outlet port from the ozone generator to the ozone
reaction chamber.

Multivoltine plain-woven raw silk fabric used
for dyeing studies was obtained from Central Silk
Technical Research Institute, Central Silk Board,
India. The chemicals and dyes used were of analytical
and commercial grades, respectively. Ground water
having a hardness of 82 mg/l was used in the dyeing
processes.
2.2. Procedure

2.2.1. Recycling of actual effluent
Known weight of degummed silk fabric was dyed to

2% shade on weight of material (OWM) with the dyes
selected using a liquor ratio of 20:1. The dye bath was
prepared by adding the necessary quantity of dye (dyes,
namely, Acid Red 88, Acid Red 18, Acid Orange 7, Acid
Orange 10 and Acid Red 73) and 20% OWM of sodium
sulphate salt in fresh water. Pre-wetted fabric was
introduced in the dye bath having a temperature of
40 �C and worked for 10 min. Then 3% OWM formic
acid was added and the temperature was raised to 85 �C
and the dyeing was continued for further 45 min.
Finally, the material was removed from the dye bath
and squeezed in such a way that the liquor falls back in
the bath itself. The liquor so obtained was the actual
effluent of the respective dye.

The effluents obtained from the above process were
subjected to 100% decolouration using the apparatus
described, in order to use them in first recycling. The
complete decolouration of the effluents was ascertained
using a UVevisible spectrophotometer (Hitachi, U-
3210, Japan). The treated effluents were used for first
and second recycling following the same dyeing pro-
cedure as given above but without the addition of
sodium sulphate salt in the bath. Dyed samples pro-
duced using the treated liquors were assessed for the
quality of dyeing.

2.2.2. Characterisation of effluents and dyed materials
Characteristics of effluents generated in each process

and the corresponding ozone treated effluents were
assessed in terms of pH, TDS and COD using standard
methods for analysis of wastewater [18]. The effect of
recycling of ozone treated dye effluents on colour
reproduction and lightness on silk fabric was analysed
using DE* and DL* values, respectively, calculated with
the help of 1976 CIE L*, a* and b* (CIELAB) equations
[19]. A relative unlevelness index (RUI) value of dyed
samples was also calculated by using the equation
proposed by Chong et al. [20].

Bioassay studies were carried out following the
APHA [18] recommended procedure to determine
LC50 values of the ozone treated effluents. The fish
Gambusia affinis was used for the experiment. Prelimi-
nary bioassay test was carried out using a wide range
of toxicant concentration; the fish mortality was taken
for 48 h for concentrations ranging from 10 to 100%
by volume of toxicant preceding the final narrow
range of toxicant concentration. In these tests, fish
mortality was taken for 24 h, 48 h, 72 h and 96 h.
The test medium was replaced daily with a freshly
prepared one in order to maintain the effect pro-
duced by the various contents in the toxicants. During
the removal, 80% of the test medium was siphoned
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out and equal quantity of freshly prepared similar
effluent was added back with least disturbance.

3. Results and discussion

3.1. Effect of recycling on characteristics of effluents

The characteristics of effluents and ozone treated
effluents are given in Table 1. It reveals that the
treatment results in a very slight reduction in TDS
values. This indicates that the ozonation does not have
an effect on the removal of dissolved solids from acid
dye effluents. Further, it can be observed that the ozone
treatment of dye effluent and those obtained from
recycling operations results in reduction of chemical
oxygen demand (COD). But the reduction in COD does
not show any specific trend with respect to increase in
number of recycling operations. Lopez et al. [8] have
observed a reduction in COD in their study on ozone
treatment of industrial textile effluents and stated that it
was due to the reduction of total organic carbon (TOC)
and partial oxidation of organic substrates. Koyunchu
and Afsar and Perkins et al. have also observed a similar
trend in the treatment of reactive dye and acid dye
effluents, respectively [21,22].

3.2. Toxicity of ozone treated acid dye effluents

The bioassay tests were conducted by taking the
ozone treated dye effluents as obtained. The safe pH
range for the test organism G. affinis used in the test was
between 5.5 and 8.5 [23]. Since the pH of the bioassay
effluents is within these values, the contribution by the
pH of the above test liquors to their toxicity has not
been taken into account.

Figs. 1e3 show the plots drawn using the results
obtained after converting the % mortality to probit
scale and the concentration to log scale. From the plots,
LC50 values were determined by finding the correspond-
ing value of concentration for 50% mortality. The LC50
values for the different ozone treated effluents are given
in the same figures.

Perkins et al. [22] pointed out that salinity increases
the toxicity and especially toxicity contributed by
sulphates is more than that of chlorides. The results
obtained on the effect of ozonation of acid dye effluents
on total dissolved solids (TDS) show that ozonation
does not have an appreciable effect on reduction of TDS
of the effluents. Hence, it can be said that the sodium
sulphate concentration remains more or less the same
after ozonation. So in the present situation, the toxicity
of bioassay test liquors is also to an extent due to
the sulphate salinity, which is over and above the

Fig. 1. Log probability plots of % mortality against concentration of

ozone treated Acid Red 88 and Acid Red 18 dye effluents.
Table 1

Characteristics of effluents obtained after dyeing and after ozone treatment

Names of the

dyes used

Parameters

analysed

Dyeing with fresh water 1st Recycling 2nd Recycling

After dyeing After ozone treatment After dyeing After ozone treatment After dyeing After ozone treatment

Acid Red 88 TDSa 858 842 860 858 868 862

CODa 288 146 (49) 264 158 (40) 280 162 (42)

Acid Red 18 TDS 842 838 846 840 842 836

COD 296 162 (45) 242 118 (51) 234 138 (41)

Acid Orange 7 TDS 828 820 830 826 830 820

COD 312 172 (44) 224 168 (25) 208 156 (25)

Acid Orange 10 TDS 838 832 852 846 840 832

COD 248 142 (43) 186 138 (27) 196 124 (37)

Acid Red 73 TDS 862 856 866 858 870 862

COD 276 152 (48) 246 154 (37) 258 162 (37)

a TDS and COD values are given in mg/l and the values within the parentheses indicate % reduction in COD.
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contribution made by the other agents. The LC50 values
of all ozone treated effluents prepared from different
dye effluents indicate that the toxic effect of the ozone
treated effluent increases with increase in time. Hence, it
is necessary to dilute the treated effluent to minimum
50% of fresh water before discharging to the water
bodies. Further, it can be seen from the plots that the
LC50 value for Acid Red 73 shows higher toxicity
compared to the remaining dyes. This indicates that
effluents of acid dyes with different azo group content
behave differently i.e., the higher the azo group content,
the higher the toxicity of the effluent.

Fig. 2. Log probability plots of % mortality against concentration of

ozone treated Acid Orange 7 and Acid Orange 10 dye effluents.

Fig. 3. Log probability plots of % mortality against concentration of

ozone treated Acid Red 73 dye effluent.
3.3. Effect of recycling on quality of dyeing

3.3.1. Effect on colour reproduction
Dyed materials are generally accepted when the DE*

values are between 0 and 1.5 and the DL* values are
between �0.7 and 0.4. If the DE* value is above 1.5, the
colour difference between sample and control is very
high and it is to be rejected. If the DL* values are less
than �0.7, the samples are darker in shade and if they
are greater than 0.4, the samples are lighter in shade
compared to the control sample [19]. DE* and DL*
values of the dyed samples produced in the present study
are given in Table 2. It is observed from the table that
with increase in the number of recycling processes, the
DE* value increases. This reveals that the formation of
acidic by-products during ozonation may interfere with
the affinity of the dye to the fabric [24], which is reflected
in increasing colour difference values. The samples
produced by the recycling process have a lighter shade
than the samples obtained from the fresh water process.
Negative DL* values of Acid Red 18 and Acid Orange 7
indicate that the samples are darker in shade compared
to the control sample. It can be inferred from Table 2
that for Acid Red 88 and Acid Red 73 dyes, usage of
recycled effluents can be carried out twice but this is not
the case with Acid Red 18 and Acid Orange 10, which

Table 2

Colour parameters of dyed samples

Names of

the dyes

Parameters

analysed

Dyed

samples

from fresh

water

Dyed

samples

from 1st

recycling

Dyed

samples

from 2nd

recycling

Acid Red 88 L* 38.06 38.98 38.68

a* 57.08 57.46 58.02

b* 22.69 22.08 23.36

DL* e 0.92 0.62

DE* e 1.16 1.30

Acid Red 18 L* 53.89 53.13 53.47

a* 57.15 58.19 59.40

b* 20.41 20.55 21.49

DL* e �0.76 �0.42

DE* e 1.29 2.53

Acid Orange 7 L* 61.58 60.04 62.04

a* 48.35 48.69 49.29

b* 67.02 67.47 68.71

DL* e �1.54 0.46

DE* e 1.64 1.98

Acid Orange 10 L* 71.54 72.04 72.26

a* 29.32 30.54 30.42

b* 63.96 64.25 62.61

DL* e 0.50 0.72

DE* e 1.34 1.88

Acid Red 73 L* 47.88 48.9 49.03

a* 61.92 62.08 61.96

b* 34.19 33.55 33.82

DL* e 1.02 1.15

DE* e 1.21 1.21
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can be used only once. Acid Orange 7 cannot be reused
even once due to the increasing DE* values. It indicates
that the chosen dye is probably very sensitive to the
acidic by-products produced during the ozonation of the
effluent.

3.3.2. Effect on level dyeing character
The level-dyeing characteristics of dye liquors are

explained with the help of RUI. The relationship between
RUI and visual appearance of levelness is given in Table 3
[20]. The RUI values of dyed samples produced in the
study are given in Table 4. It is clear from the results that
all the dyed samples produced from first and second
recycling processes show excellent to good levelness,
which is comparable to that of dyed samples produced
using fresh water. An observation to be pointed out here
is that even in the cases where the dyed samples are
rejected based on DE* values (Table 2), the levelness
obtained is either excellent or good. This indicates that
the dye effluents produced in these cases can still be
recycled, provided alteration in tone is acceptable.

4. Conclusions

The study reveals that ozonation does not have an
effect on reducing the TDS content present in the acid
dye effluents. But it reduces the COD of the control and
recycling process effluents. All the ozone treated
effluents are safer to aquatic life if they are diluted by
50% with fresh water. Diazo dyes are more toxic than
monoazo dyes.

Table 4

RUI values of dyed samples

Names of the

dyes used

RUI values

Dyed samples

from fresh water

Dyed samples

from 1st

recycling

Dyed samples

from 2nd

recycling

Acid Red 88 0.11 0.31 0.14

Acid Red 18 0.12 0.12 0.22

Acid Orange 7 0.26 0.30 0.09

Acid Orange 10 0.24 0.13 0.13

Acid Red 73 0.11 0.14 0.31

Table 3

Relationship between RUI values and visual appearance of levelness

RUI values Visual appearance

of levelness

!0.2 Excellent levelness

(undetectable unlevelness)

0.2e0.49 Good levelness

(noticeable unlevelness)

0.5e1.0 Poor levelness

(apparent unlevelness)

O1.0 Bad levelness

(conspicuous unlevelness)

Chong et al. [20].
Based on the colour reproduction ability, it has been
found that effluents produced in Acid Red 88 and Acid
Red 73 applications can be recycled twice whereas only
once with respect to Acid Red 18 and Acid Orange 10.
Effluents resulting from Acid Orange 7 are not suitable
for recycling.

The levelness of the shade produced in the recycling
of effluents is either excellent or good in all the cases,
which includes the samples that produce higher colour
difference. Production of good levelness in dyed samples
which have shown higher colour difference compared to
the control sample indicates that in these cases, the
recycling can still be carried out to produce goods with
alteration in tone, if accepted.

Acknowledgements

One of the authors, M. Muthukumar, is grateful to
the Council of Scientific and Industrial Research, New
Delhi, India, for awarding a Senior Research Fellowship
to carry out this work.

References

[1] Goodman GA, Porter JJ. Water quality requirements for reuse in

textile dyeing processes. Am Dyest Rep 1980;69:33e9.

[2] Perkins WS, Judkins JF, Perry WD. Renovation of dyebath water

by chlorination or ozonation. Textile Chem Col 1980;12:38e48.

[3] Perkins WS, Reed IE. Dyeing of cotton fabric with reactive dyes

using ozonated, spent dyebath water. Textile Chem Col 1994;24:

25e8.

[4] Perkins WS, Walsh WK, Reed IE, Namboodri CG. A demon-

stration of reuse of spent dyebath water following color removal

with ozone. Textile Chem Col 1995;28:31e7.

[5] Diaper C, Correia VM, Judd SJ. The use of membranes for the

recycling of water and chemicals from dyehouse effluents: an

economic assessment. J Soc Dyers Col 1996;112:273e81.

[6] Rice RG. Applications of ozone for industrial wastewater

treatmentda review. Ozone Sci Eng 1997;18:477e515.

[7] Vandevivere PC, Bianchi R, Verstraete W. Treatment and reuse

of wastewater from the textile wet processing industry: review of

emerging technologies. J Chem Technol Biotechnol 1998;72:

289e309.

[8] Lopez A, Ricco G, Ciannarella R, Rozzi A, Dipinto AC,

Passino R. Textile wastewater reuse: ozonation of membrane

concentrated secondary effluent. Water Sci Technol 1999;40:

99e105.
[9] Skelly K. Water recycling. Rev Prog Coloration 2000;30:21e34.

[10] Ciardelli G, Capannelli G, Bottino A. Ozone treatment of textile

wastewaters for reuse. Water Sci Technol 2001;44:61e7.

[11] Ciardelli G, Ranieri N. The treatment and reuse of wastewater in

the textile industry by means of ozonation and electroflocculation.

Water Res 2001;35:567e72.

[12] Khanna SK. Toxicity, carcinogenic potential and clinicale

epidemiological studies on dye and intermediates. J Sci Ind Res

1991;50:965e74.

[13] Rana KS, Raizada S. Acute toxicity of tannery and textile dye

effluents on common teleost, Lobeo rohita: histological alteration

in liver. J Environ Biol 1999;20:33e6.



44 M. Muthukumar et al. / Dyes and Pigments 64 (2005) 39e44
[14] Motwani MP, Banerjee S, Karaunchandani SJ. Some observation

on the pollution of the riversone by the factory effluents of the

Rohtus industries at Dalmianagar (Bihar). Indian J Fish 1956;3:

334e67.
[15] David A, Roy P. Studies on pollution in river Daha (N. Bihar)

by sugar and distillery wastes. Indian J Environ Health 1966;8:

6e35.

[16] Arunachalam S, Jayalakshmi K, Aboobucker S. Toxic and

sublethal effects of carbaryl on a fresh water cat fish Mystus

vittatus (Block). Arch Environ Contam Toxicol 1980;9:307e16.

[17] Arunachalam S, Palanichamy S, Balasubramanian MP. Sublethal

effects of carboryl on food utilization and oxygen consumption in

the air-breathing fish, Chana punctatus (Block). J Environ Biol

1985;6:279e86.

[18] APHA. Standard methods for the examination of water and

wastewater. 20th ed. Washington, DC: American Public Health

Association; 1998.
[19] Shah HS, Gandhi RS. Instrumental colour measurement and

computer aided colour matching for textiles. Ahmadabad, India:

Mahajan Book Distributors; 1990.

[20] Chong CL, Li SQ, Yeung KW. An objective method for the

assessment of levelness of dyed materials. J Soc Dyers Col 1992;

108:528e30.

[21] Koyunchu I, Afsar H. Decomposition of dyes in the textile

wastewater with ozone. J Environ Sci Health 1996;A31:1035e41.
[22] Perkins WS, Edward LS, Smith MC. Biological treatability and

environmental impact of ozonation of spent reactive dyebaths.

Textile Chem Col Am Dyest Rep 2001;3:39e43.

[23] IUCLID. CD-ROM, Public data on high volume chemicals year

2000 edition. Joint Research Centre, European Chemicals Bureau,

Ispra, Italy; 2000.

[24] Muthukumar M. Studies on ozonation and advanced oxidation of

acid dye effluents. Thesis submitted to the Anna University,

Chennai, India; 2002.


	Studies on decolouration, toxicity and the possibility for recycling of acid dye effluents using ozone treatment
	Introduction
	Experimental
	Apparatus
	Procedure
	Recycling of actual effluent
	Characterisation of effluents and dyed materials


	Results and discussion
	Effect of recycling on characteristics of effluents
	Toxicity of ozone treated acid dye effluents
	Effect of recycling on quality of dyeing
	Effect on colour reproduction
	Effect on level dyeing character


	Conclusions
	Acknowledgements
	References


