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Three colouration process was analyzed, in which consumption of water, the spent of electrical and thermal
energy, emission of carbon dioxide besides effluent toxicity of dyeing of polyamide, cotton and polyester knits
were approached. the dyeing of polyamide knit presented lowest consumption of electrical energy, the dyeing of
polyester knit presented the lowest consumption of thermal energy and emission of co, molecules into atmo-
sphere, and the effluent of cotton dyeing presented lowest acute toxicity (CEso) to Daphnia similis.

1. Introduction

The textile activity in Brazil represents approximately U$ 45 billion,
equivalent to 7% of the total production value of the Brazilian manu-
facturing industry. The jobs generated by the textile chain reached 1.5
million in 2017 roughly 18.7% of the total industrial production [1].
Despite of its importance for developing countries, the manufacturing
of textiles is a complex issue in relation to the environment, water
usage, and resultant pollution for receiving water systems. The textile
processing consists of many operations, such as scouring, desizing,
washing, bleaching, dyeing and printing. Therefore, real industrial
textile wastewater has an extremely complex matrix containing many
chemical ingredients in addition to dyestuff [2,3]. Among various
complex constituents present in textile wastewaters, the dyestuff can be
considered as the most peremptory source of contamination followed
by the surfactants. The direct discharge of the coloured textile effluent
into the freshwater bodies adversely affects the aesthetic aspect, water
transparency and dissolved oxygen content [4]. The final results of such
type of discharges are the damages to aquatic biota.

Several methods and processes for textile wastewater treatment
have been studied such as membrane system [5-8], ultrafiltration [9],
adsorption [10-12], hybrid process [13,14], electrochemically ad-
vanced oxidation [15], biological processes [16,17], degradation of
dyestuff from soil by ornamental plants [18] and utilization of textile
effluent as the nutrient to Chlorella variabilis [19].

Looking for a cleaner production, novel fabrics and fibers were
obtained as man-made Lyocell fibers [20], the ionic liquid application
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in dyeing [21,22] new dyestuffs were obtained from renewable sources
[23], catalyst immobilization and development for the application of
enzymes for textile processing [24,25], cleaner colouration with re-
active dyestuff using a pad-batch-steam process [26] and disinfection of
textiles using low temperature plasma [27]. Technologies, ideas, and
actions for a better environment into the textile sector have to achieve
pollution discharge reduction mainly for liquid effluents forcing/and
technology development also due to the demand of water and tigh-
tening environmental legislation on the effluents generated by textile
industry and water scarcity in different areas of the world [28].

Monitoring toxic charge of effluents is a mandatory action nowa-
days for the protection of water resources. As an example, three types of
reactive dyestuffs were assessed for toxicity by Baumer et al. [29]. The
authors applied an oxidative system including enzymatic systems as an
alternative for textile effluents treatment. However, during their studies
the oxidative processes were able to degrade organic products but
toxicity was not reduced (for acute and chronic effects - D. magna and V.
fischeri.), they also obtained good results for the decolourisation. Croce
et al. [30] investigated the aquatic toxicity of 42 commercial dyestuffs
using the application of in silico tools. Ecological bioassays acute and
long-term exposure with Daphnia magna and Raphidocelis subcapitata
were applied in order to evaluate the potential impact of these pro-
ducts. The authors concluded that only 9 formulations showed toxicity
lower than 100 mg L™ for D. magna while 30 dyestuffs were toxic for R.
subcapitata.

Toxicity evaluation of textile dyeing effluent and its possible re-
lationship with chemical oxygen demand was studied by Liang et al.
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[31], testing the acute toxicity against Vibrio fischeri and Desmodesmus
subspicatus. The authors identified a positively correlation with COD in
different textile dyeing effluents, with R? values higher than 0.84.

So, the objective of this present paper was the analysis of several
factors related to ecological costs: water consumption, the emission of
carbon dioxide, the consumption of electrical and thermal energy
during dyeing processing of cotton (CO), polyamide (PA) and polyester
(PET) fibers that have been intensively studied mainly because of the
microplastic introduced into effluents [32,33].

Furthermore, nowadays in Brazil there is a research group which
intend to suggest an insertion of a cloth tag, containing information
about water and energy consumption, as well as a toxicity of the ef-
fluent that was generated by the dyeing process of this cloth. Based on
those facts, the paper also was suggesting a methodology in order to
contribute with it.

2. Materials and methods

All fibers were dyed in a specific colour, Pantone 19-1619, selected
from SENAI Fashion Design Book of Tendency Autumn/Winter 2019.
The acute toxicity of the real effluents obtained from the dyeings was
tested with Daphnia similis. These fibers, PA, CO and PET, were chosen
for this evaluation once they are the most used fibers in the Brazilian
clothing making [1].

2.1. Materials

2.1.1. Auxiliaries

Acetic acid 98%, sulfuric acid 98%, ammonium sulphate 98%, so-
dium hydroxide 98%, sodium metasilicate, sodium carbonate 98%,
hydrogen peroxide 50% and sodium chloride 98%, supplied by
Labsynth; sequestering, nonionic detergent and catalase enzyme sup-
plied by Golden Technology; leveling agent, dispersant and fixating
agent supplied by Archroma. All auxiliaries were used with no previous
purification.

2.1.2. Dyestuffs

Acid Orange 67 (AO67), Acid Red 299 (AR299), Acid Blue 113
(AB113), Disperse Yellow 235 (DY235), Disperse Red 73 (DR73) and
Disperse Blue 165 (DB165) supplied by Archroma, Reactive Yellow 145
(RY145), Reactive Red 239 (RR239) and Reactive Blue 222 (RB222)
supplied by Golden Technology. All dyestuffs were used with no pre-
vious purification.

2.1.3. Substrates

The dyeing have been done using knits produced in an Orizio cir-
cular monofronture, John/C model, 3.0 feeders per inch, diameter of
30 inch, 28 gauge, 30 RPM, being 30/1 Ne carded yarn and gramature
of 142g m™2 to CO knit; 200/72 dTex multifilament yarn and gra-
mature of 140 g m ™~ 2 to PET knit; 200/96 dTex multifilament yarn and
gramature of 140 g m ™2 to PA knit, all of them with 0.90 m of width.

2.2. Methods

2.2.1. Dyeing

The dyeing processes were carried out using a 10:1 liquor ratio. The
formulations with the amount of chemicals used in the dyeing with acid
(PA), disperse (PET) and reactive (CO) dyestuffs and its auxiliaries, as
described in Table 1. All steps, pre-treatment, dyeing and after-treat-
ment, were conducted according to literature about dyeing of CO with
reactive dyestuffs [34-41], dyeing of PA with acids dyestuffs
[35-40,42-44] and dyeing of PET with disperse dyestuffs
[35-40,45-48], as well as according both chemicals and dyestuffs
suppliers’ recommendations.

The process of PA dyeing was shown as Fig. 1, while CO dyeing
process was represented in Fig. 2 and PET dyeing process in Fig. 3. The
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Table 1
Amount of chemicals used in the dyeing according to fiber type.
Chemicals PA co PET
a Sequestering (gL™ 1.00 1.00 1.00
b Nonionic detergent 1.00 1.00 1.00
c Sodium carbonate 0.50 5.00 0.50
d Sodium hydroxide - 1.40 1.00
e Sodium metasilicate - 0.50 -
f Sodium chloride - 50.00 -
g Fixation agent 2.00 - -
h Ammonium sulphate 1.00 - -
i Dispersant - 1.00 1.00
j Catalase enzyme - 0.50 -
k Levelling agent 1.00 - -
1 Sulfuric acid (mLL™Y) - 0.14 -
m Hydrogen peroxide - 2.00 -
n Acetic acid 0.30 0.50 0.50
o RY145 (% / owm ) - 0.91 -
P RR239 - 1.22 -
q RB222 - 0.76 -
r AO67 0.66 - -
s AR229 0.34 - -
t AB113 0.22 - -
u DY235 - - 0.82
v DR73 - - 0.78
X DB165 - - 0.49

* = on weight of material.

figures showed the time of textile processing, which were used to de-
terminate the electrical energy consumption, the sequence of chemicals
addition and the heating temperature, in order to calculate the neces-
sary amount of thermal energy and the consequent amount of CO, re-
leased into the atmosphere.

The reflectance (R%) and the differences of CIELab system (AL*, Aa*
and Ab*) from all dyeing were determined by spectrophotometry under
illuminant Dgs, 10° (Konica Minolta CM-3600d) in the wavelength of
maximum reflection of the colour.

For the measurement of colour, standard values are used worldwide,
for example as determined by an organization called Commission
Internationale de ’Eclairage (CIE). The values used by CIE are called L*,
a* and b* and the colour measurement method is called CIELab [49].

The system can be plotted in a colours space with three axis (Fig. 4),
where L* axis represents the difference between white (4+ L*) and black
(- L*), a* axis represents the difference between green (- a*) and red
(+ a*) and b* axis represents the difference between yellow (+ b*) and
blue (- b*).

The colours measurements were determined by spectrophotometry
under illuminant Dgs, 10° (Konica Minolta CM-3600d). The values of
Euclidean distance (AE* - also known by colour difference) in the col-
ours space was calculated using the Eq. (1) given below [41].

AE" = J(AL? + (Aa")? + (AF)? )

2.2.2. Ecological costs

In order to determine the consumption of electrical energy for
dyeing, the parameters of Jet HT Riviera Eco Metalwork were used,
considering the capacity of 50 kg and installed potency of 7.4 kW. The
theoretical consumption for each kilogram of processed substrate was
determined by the time of the process, in minutes, applying Eq. (2)
[50].

_ tx Ipx 6.00 x 10*

Qo Ec @

Qe = J kg™ %; t = process time in min; Ip = installed potency; Ec =
equipment capacity

For the amount of required thermal energy for each kilogram
(substrate), the Eq. (3) was applied.
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Fig. 1. Dyeing procedure of PA with acid dyestuffs.

Qr = (AT, + AT, + AT,) X Cpy,p X mpyo X 1072 3)

Qr = J kg™ %; T in Kelvin; Gp in J kg* K™, and m in grams, adopting
specific mass of water = 1.0g cm™® and liquor ratio equal to 10 liters per
kilogram of fiber.

According to the supplier of fuel gas, (Comgas Company of Sao
Paulo), the fuel gas is a gas mixture containing 89.0% of methane, 6.0%
of ethane, and 1.8% of propane. Based on the inferior calorific power
(ICP) standards laid down by ASTM D 3588-98 as being 3.70 x 107 J
m 2 for methane, 7.00 x 107 J m ™3 for ethane, and 9.23 x 10’ Jm ™3
for propane. An ICP of 4.02 x 107 J m~> was calculated for the gas
mixture [50]. In order to calculate the volume of gas needed for heating
the amount of water for dyeing a kilogram of substrate, using an Etna
GHV-2000 steam generator with production capacity of 5.56 x 107 kg
s, maximum allowable operating pressure (MAOP) equal to 1.0 MPa,
and operating with 85% of efficiency as a parameter, the Eq. (4) was
used.

Qr

V= ——
4.02 x 107 X Egg 4)

Vy is in m®kg™!, Qp in J kg™ ! and Egg is the efficiency of the steam

generator

To calculate the mass of CO, emissions during the supply of heat
energy, assuming that the gas is ideal and it is in normal conditions of
pressure and temperature, the Eq. (5) was used.

Px VX 440 X 1072 X 2.66
RxT (5)
mCO, in kg, P = 101.3kPa, V; in m?>, R = 8314 m® kPa mol 'K~ 1,
T=273.15K
The consumption of water (Cy), adopting liquor ratio equal to 10
liters per kilogram of fiber, was determined by Eq. (6).

Cw = LR + LR, + LR; + LR, 6)

mC02 =

CwinlL kg_l, LR;, LRy, LR3 and LR, = liquor ratio used in each process
step

2.2.3. Toxicity measurements

Ecotoxicity assays were performed with daphnids, using a serial
dilution of the effluents and twenty organisms were exposed to each
effluent concentration. The effective lethal concentration was the
endpoint (ECsy), meaning the concentration at which 50% of the
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Fig. 2. Dyeing procedure of CO with reactive dyestuffs.
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Fig. 3. Dyeing procedure of PET with disperse dyestuffs.
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Fig. 4. Colours space in CIELab system [49].

individuals were damaged after a specified length of exposure: 48 h for
D. similis water fleas, which means immobilization.

All the methods carried out during toxicity assays were based on
standard laboratory conditions, following ABNT Brazilian Methods

Table 2
Results of dyeings according CIELab system.

[51], since the raring of D. similis, until the exposition to the textile
samples. Trimmed Sperman Karber method was applied as statistical
analysis after the exposure.

Acute toxicity tests with this organism are very used in environ-
mental reports of water quality and required in monitoring by en-
vironmental monitoring Brazilians agencies. It has been used in many
scientific studies, such Leite et al. [52] and Vacchi et al. [53,54] that
assessed the ecotoxicology of Disperse Red 1 dyestuff in their studies;
Rocha et al. [55] whose performed the ecotoxicological risk assessment
of Acid Black 210 dyestuff through testing its toxicity; Meireles et al.
[56], that assessed the ecotoxicology of Disperse Red 73 dyestuff or
even by Luna et al. [57], in which authors evaluated the ecotoxicity of
five dyestuff to freshwater organisms before and during their photo-
Fenton degradation.

3. Results
3.1. Dyeing

The results of dyeing processes are described in Table 2 in terms of
the values of reflectance (R%), partial differences (AL*, Aa*, and Ab*)
and the colour difference (AE*), being the Euclidean Distance in CIELab
colour space calculated between the samples colour and the standard
colour (Pantone 19-1619).

The colour difference between PA and CO was AE* = 1.76, between
PA and PET was AE* = 1.06 and between CO and PET was AE * = 1.50.
All values of AE * between dyeing did not exceed 2 points. These data
are acceptable when compared with the standards used in the Brazilian

Pantone 19-1619 at 690 nm PA Co PET Partial deviation Total deviation (AE*)
PA/CO PA/PET CO/PET PA/CO PA/PET CO/PET
Data %R 13.72 13.36 14.24 0.36 -0.52 -0.88 0.36 —-0.52 -0.88
. 44.57 43.89 45.01 0.68 —0.44 -1.12 1.76 1.06 1.50
# 14.92 14.34 14.12 0.58 0.80 0.22
b —13.56 —12.04 -13.02 -1.52 -0.54 0.98

OBS: %R = reflectance.
L* = lightness axis values.
a* = green-red axis values.
= yellow-blue axis values, CIELab system.

‘.

o
%
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Table 3
Ecological costs of dyeing.
Assessed variables per kg PA CO PET
Consumption of water (L) 50 70 40
Energy Electrical (Qg) 1.38 x 10°J 2.58 x 10°J 1.64 x 10°J
Thermal (Qy) 6.89 x 10°J 7.73 x 10°J 6.27 x 10°J
Fuel consumption (V;) 1.46 X 10~ *m?® 1.63 x 10~ *m?® 1.33 x 10 *m?®
Mass of CO, (mCO2) 568 x 107> kg 6.37 x 107> kg 5.16 x 107> kg
industry of clothing [58]. Table 5

3.2. Ecological costs

The values of consumption of water, electrical energy, and thermal
energy and CO-, emission were presented in Table 3.

The dyeing of PET spent 30 liters less than cotton and 10 liters less
than polyamide. Even though, the amount of 40 liters per kilogram is
still high, due to the scarcity of clean water around the world [59,60].

Higher amount of electrical and thermal energy was required for
dyeing CO in comparison to the others: with a difference of 1.20 x 10°
J kg~ ! and 1.46 x 10% J kg™, respectively. Obviously, the amount of
thermal energy spent in a higher volume of fuel gas, that was
1.77 x 10 m® higher than PA and 309 x 10 J kg~ ! higher than PES.
This accounted for CO, emission as 7.77 x 10%° molecules for dyeing of
PA, 8.71 x 10%° molecules for dyeing of CO, and 7.06 X 10%° mole-
cules for the dyeing of PET. The consumption of fuel gas has generated
an emission of high number of CO, molecules, being 7.77 x 10° mo-
lecules for dyeing of PA, 8.71 x 102° molecules for dyeing of CO, and
7.06 x 10%° molecules for the dyeing of PET.

In the dyeing of cotton, other class of dyestuff could be used in order
to minimize the consumption of energy and water, as demonstrated by
Rosa et al. [50]. However, the acute toxicity of the effluent was not
assessed by authors.

3.3. Toxicity

The acute toxicity values obtained for PA, CO and PET dyeing ef-
fluents were presented at Table 4.

Despite having lower values of electrical energy consumption, the
effluent of PA dyeing was relatively of presented higher values of acute
toxicity than CO or PET samples. Nowadays, toxicity in textiles, or
presented in effluents of dyeings, have been monitored and researched,
being one of the principal concern about environmental
[31,32,54,55,61,62].

Besides, the growing demand of dyestuff in the textile industry
makes it one of the main sources of water pollution problems and, in the
last decade, removal of azo dyestuff from wastewater has attracted
considerable attention because of the damage it causes to aquatic or-
ganisms, and short-term public health damage [55,56].

Considering Brazilian textile industry issues related to safety use of
the products many actions have been proposed in order to avoid che-
micals residues into the finished clothes, that represent harmful effects
to human health. In terms of environmental issues and textile waste-
water Brazilian Environmental Council (CONAMA) is in charge of

Table 4
Average acute toxicity of effluents.
Test CEsp (%)
PA Cco PES
1 0.52 4.71 1.83
2 0.85 4.35 1.75
3 0.46 4.67 1.56
media 0.61 4.58 1.71

Ecological information about knit piece.

T-shirt Consumption of Molecules of Toxicity of
CO, into effluent (before
Water (L) Energy (J) atmosphere treatment)
Electrical Thermal
PA 12.5 3.45x 10° 1,72 x 10° 1.94 - 10%° High
co 17.5 6.45 x 10° 1.93 x 10° 2.18-10% High
PET 10.0 410 x 10> 1.57 x 10° 1.77 - 10%*° High

regulations [63].

All the fabrics covered in this study have yield equal to 3.90 m kg~ ?,
making possible a production of four t-shirts, size G (Brazilian mea-
surement). Therefore, each t-shirts dyed in Pantone 19-1619 colour,
assessed in this paper, could have a tag with information such as de-
scribed in Table 5.

4. Conclusions

CONAMA, edited two recommendations for controlling toxicity
before discharging industrial effluents, and also controlling organic /
inorganic matter into the rivers and water reservoirs [64]. This reg-
ulation states that “any effluent from any pollution source is obligated
treated before being discharged and only if the quality parameters of
receiving system is guaranteed”. Besides, Article 18 states that the ef-
fluent cannot cause toxic effects to the to the living organisms in the
receptor system or rivers, in order to protect aquatic life.

Concerned about the toxicity of textiles at the global level, the
Brazilian Association of Textile Industry (ABIT) formally requested to
Brazilian Association of Technical Standard (ABNT) to create a research
group in order to study and control the possible chemical residues into
the clothes [65].

Furthermore, faced with worldwide concern, a group called
Sustainable Fashion Laboratory was formed in 2017, with many
Brazilians companies and research institutions. The main objective of
this group is creating a tag containing information about toxicity, water
and energy consumption, as well as the emission of CO, in the atmo-
sphere.

Int this paper, in terms of water consumption, PET was the fiber that
presented the lowest value, 40 L kg~ .

Regarding electric energy consumption, PA required the lowest
value, being 1.20 x 10° Jkg ™" less than CO and 2.66 x 10° Jkg ™" less
than PET.

Thermal energy data revealed PET fiber as the less expensive
1.77 x 10° less than PA and 3.09 x 10° less than CO. In this case,
thermal energy impacted directly in the emission of CO, molecules into
the atmosphere. PET emitted 7.10 x 10'° molecules less than PA and
1.65 x 10%° less than CO.

Even though spending more water and energy, the effluent of CO
dyeing was relatively less toxic than the others. However, all the ef-
fluents were very toxic to D. similis exposed for 48 h.

A suggestion of tag is demonstrated in the Fig. 5, in which was used
the data from Table 5.

The total energy (electrical + thermal) spent is equivalent to a
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T-shirt Size G
Composition: 100% PET

Consumption of:

- Water: 10 Liters

- Total energy: 412 kJ

- Effluent toxicity: HIGH

Fig. 5. Tag for 100% PET T-shirt, size G.

shower of approximately 1.5min, using a 5500 W of potency equip-
ment.

Acknowledgments

Inc.

The authors would like to thank Archroma and Golden Technology

for the chemicals supply; Servico Nacional de Aprendizagem

Industrial - SP for providing the equipments, and International Atomic
Energy Agency, Process number 16465, for the financial support.

References

[1]
[2]

[3

—

[4]

[5]

(6]

[7]

[8]

[91

[10]

[11]

[12]

[13]

M.V. Prado, Sectorial Report of Brazilian Textile Industry, Sao Paulo (2018).

H.A. Aziz, M.H.A. Razak, M.Z.A. Rahim, W.I.S.W. Kamar, S.S. Abu Amr, S. Hussain,
J. Van Leeuwen, Evaluation and comparison the performance of titanium and zir-
conium(IV) tetrachloride in textile wastewater treatment, Data Br. 18 (2018)
920-927, https://doi.org/10.1016/j.dib.2018.03.113.

L. Biliniska, K. Blus, M. Gmurek, S. Ledakowicz, Coupling of electrocoagulation and
ozone treatment for textile wastewater reuse, Chem. Eng. J. 358 (2019) 992-1001,
https://doi.org/10.1016/J.CEJ.2018.10.093.

R. Lafi, L. Gzara, R.H. Lajimi, A. Hafiane, Treatment of textile wastewater by a
hybrid ultrafiltration/electrodialysis process, Chem. Eng. Process. - Process Intensif.
132 (2018) 105-113, https://doi.org/10.1016/J.CEP.2018.08.010.

G. Han, Y. Feng, T.-S. Chung, M. Weber, C. Maletzko, Phase inversion directly in-
duced tight ultrafiltration (UF) hollow Fiber membranes for effective removal of
textile dyes, Environ. Sci. Technol. 51 (2017) 14254-14261, https://doi.org/10.
1021/acs.est.7b05340.

M. Li, Y. Yao, W. Zhang, J. Zheng, X. Zhang, L. Wang, Fractionation and con-
centration of high-salinity textile wastewater using an ultra-permeable sulfonated
thin-film composite, Environ. Sci. Technol. 51 (2017) 9252-9260, https://doi.org/
10.1021/acs.est.7b01795.

A. Ghaffar, L. Zhang, X. Zhu, B. Chen, Porous PVdF/GO nanofibrous membranes for
selective separation and recycling of charged organic dyes from water, Environ. Sci.
Technol. 52 (2018) 4265-4274, https://doi.org/10.1021/acs.est.7b06081.

G. Han, T.-S. Chung, M. Weber, C. Maletzko, Low-pressure nanofiltration hollow
fiber membranes for effective fractionation of dyes and inorganic salts in textile
wastewater, Environ. Sci. Technol. 52 (2018) 3676-3684, https://doi.org/10.1021/
acs.est.7b06518.

M. Jiang, K. Ye, J. Deng, J. Lin, W. Ye, S. Zhao, B. Van der Bruggen, Conventional
ultrafiltration as effective strategy for dye/salt fractionation in textile wastewater
treatment, Environ. Sci. Technol. 52 (2018) 10698-10708, https://doi.org/10.
1021/acs.est.8b02984.

F. Zhao, E. Repo, D. Yin, Y. Meng, S. Jafari, M. Sillanpad, EDTA-cross-linked f-
cyclodextrin: an environmentally friendly bifunctional adsorbent for simultaneous
adsorption of metals and cationic dyes, Environ. Sci. Technol. 49 (2015)
10570-10580, https://doi.org/10.1021/acs.est.5b02227.

A. Vanaamudan, B. Chavada, P. Padmaja, Adsorption of reactive blue 21 and re-
active red 141 from aqueous solutions onto hydrotalcite, J. Environ. Chem. Eng. 4
(2016) 2617-2627, https://doi.org/10.1016/J.JECE.2016.04.039.

H. Zhang, P. Li, Z. Wang, W.W. Cui, Y. Zhang, Y. Zhang, S. Zheng, Y. Zhang,
Sustainable disposal of Cr(VI): adsorption-reduction strategy for treating textile
wastewaters with amino-functionalized boehmite hazardous solid wastes, ACS
Sustain. Chem. Eng. 6 (2018) 6811-6819, https://doi.org/10.1021/acssuschemeng.
8b00640.

J. Lin, W. Ye, J. Huang, B. Ricard, M.-C. Baltaru, B. Greydanus, S. Balta, J. Shen,
M. Vlad, A. Sotto, P. Luis, B. Van der Bruggen, Toward resource recovery from
textile wastewater: dye extraction, water and base/acid regeneration using a hybrid
NF-BMED process, ACS Sustain. Chem. Eng. 3 (2015) 1993-2001, https://doi.org/

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Journal of Environmental Chemical Engineering 7 (2019) 102973

10.1021/acssuschemeng.5b00234.

E. Rosales, D. Anasie, M. Pazos, 1. Lazar, M.A. Sanroman, Kaolinite adsorption-re-
generation system for dyestuff treatment by Fenton based processes, Sci. Total
Environ. 622-623 (2018) 556-562, https://doi.org/10.1016/j.scitotenv.2017.11.
301.

L.G.M. Silva, F.C. Moreira, A.A.U. Souza, S.M.A.G.U. Souza, R.A.R. Boaventura,
V.J.P. Vilar, Chemical and electrochemical advanced oxidation processes as a pol-
ishing step for textile wastewater treatment: a study regarding the discharge into
the environment and the reuse in the textile industry, J. Clean. Prod. 198 (2018)
430-442, https://doi.org/10.1016/J.JCLEPRO.2018.07.001.

A.S. Assémian, K.E. Kouassi, A.E. Zogbé, K. Adouby, P. Drogui, In-situ generation of
effective coagulant to treat textile bio-refractory wastewater: optimization through
response surface methodology, J. Environ. Chem. Eng. 6 (2018) 5587-5594,
https://doi.org/10.1016/j.jece.2018.08.050.

A. Das, S. Mishra, Removal of textile dye reactive green-19 using bacterial con-
sortium: process optimization using response surface methodology and kinetics
study, J. Environ. Chem. Eng. 5 (2017) 612-627, https://doi.org/10.1016/j.jece.
2016.10.005.

V.V. Chandanshive, S.K. Kadam, R.V. Khandare, M.B. Kurade, B.-H. Jeon,

J.P. Jadhav, S.P. Govindwar, In situ phytoremediation of dyes from textile waste-
water using garden ornamental plants, effect on soil quality and plant growth,
Chemosphere 210 (2018) 968-976, https://doi.org/10.1016/J.CHEMOSPHERE.
2018.07.064.

S. Bhattacharya, S.K. Pramanik, P.S. Gehlot, H. Patel, T. Gajaria, S. Mishra,

A. Kumar, Process for preparing value-added products from microalgae using textile
effluent through a biorefinery approach, ACS Sustain. Chem. Eng. 5 (2017)
10019-10028, https://doi.org/10.1021/acssuschemeng.7b01961.

J. Paulitz, I. Sigmund, B. Kosan, F. Meister, Lyocell fibers for textile processing
derived from organically grown hemp, Procedia Eng. 200 (2017) 260-268, https://
doi.org/10.1016/J.PROENG.2017.07.037.

R. Bianchini, G. Cevasco, C. Chiappe, C.S. Pomelli, M.J. Rodriguez Douton, Ionic
liquids can significantly improve textile dyeing: an innovative application assuring
economic and environmental benefits, ACS Sustain. Chem. Eng. 3 (2015)
2303-2308, https://doi.org/10.1021/acssuschemeng.5b00578.

N. Meksi, A. Moussa, A review of progress in the ecological application of ionic
liquids in textile processes, J. Clean. Prod. 161 (2017) 105-126, https://doi.org/10.
1016/J.JCLEPRO.2017.05.066.

Shahid ul-Islam, G. Sun, Thermodynamics, kinetics, and multifunctional finishing of
textile materials with colorants extracted from natural renewable sources, ACS
Sustain. Chem. Eng. 5 (2017) 7451-7466, https://doi.org/10.1021/acssuschemeng.
7b01486.

A. Madhu, J.N. Chakraborty, Developments in application of enzymes for textile
processing, J. Clean. Prod. 145 (2017) 114-133, https://doi.org/10.1016/J.
JCLEPRO.2017.01.013.

Y. Chu, N. Corrigan, C. Wu, C. Boyer, J. Xu, A process for well-defined polymer
synthesis through textile dyeing inspired catalyst immobilization, ACS Sustain.
Chem. Eng. (2018), https://doi.org/10.1021/acssuschemeng.8b03726.

D. Shu, K. Fang, X. Liu, Y. Cai, X. Zhang, J. Zhang, Cleaner coloration of cotton
fabric with reactive dyes using a pad-batch-steam dyeing process, J. Clean. Prod.
196 (2018) 935-942, https://doi.org/10.1016/j.jclepro.2018.06.080.

J. Szulc, W. Urbaniak-Domagata, W. Machnowski, H. Wrzosek, K. Lacka, Low
temperature plasma for textiles disinfection, Int. Biodeterior. Biodegradation 131
(2018) 97-106, https://doi.org/10.1016/J.1IBIOD.2017.01.021.

M.S. Hossain, S.C. Das, J.M.M. Islam, M.A. Al Mamun, M.A. Khan, Reuse of textile
mill ETP sludge in environmental friendly bricks — effect of gamma radiation,
Radiat. Phys. Chem. 151 (2018) 77-83, https://doi.org/10.1016/j.radphyschem.
2018.05.020.

J. Duarte Baumer, A. Valério, S.M.A.G.U. de Souza, G.S. Erzinger, A. Furigo,
A.A.U. de Souza, Toxicity of enzymatically decolored textile dyes solution by
horseradish peroxidase, J. Hazard. Mater. 360 (2018) 82-88, https://doi.org/10.
1016/J.JHAZMAT.2018.07.102.

R. Croce, F. Cina, A. Lombardo, G. Crispeyn, C.I. Cappelli, M. Vian, S. Maiorana,
E. Benfenati, D. Baderna, Aquatic toxicity of several textile dye formulations: acute
and chronic assays with Daphnia magna and Raphidocelis subcapitata, Ecotoxicol.
Environ. Saf. 144 (2017) 79-87, https://doi.org/10.1016/J.ECOENV.2017.05.046.
J. Liang, X. Ning, M. Kong, D. Liu, G. Wang, H. Cai, J. Sun, Y. Zhang, X. Lu, Y. Yuan,
Elimination and ecotoxicity evaluation of phthalic acid esters from textile-dyeing
wastewater, Environ. Pollut. 231 (2017) 115-122, https://doi.org/10.1016/J.
ENVPOL.2017.08.006.

A. Jemec, P. Horvat, U. Kunej, M. Bele, A. Krzan, Uptake and effects of microplastic
textile fibers on freshwater crustacean Daphnia magna, Environ. Pollut. 219 (2016)
201-209, https://doi.org/10.1016/J.ENVPOL.2016.10.037.

F. De Falco, M.P. Gullo, G. Gentile, E. Di Pace, M. Cocca, L. Gelabert, M. Brouta-
Agnésa, A. Rovira, R. Escudero, R. Villalba, R. Mossotti, A. Montarsolo,

S. Gavignano, C. Tonin, M. Avella, Evaluation of microplastic release caused by
textile washing processes of synthetic fabrics, Environ. Pollut. 236 (2018) 916-925,
https://doi.org/10.1016/J.ENVPOL.2017.10.057.

G.L. Madan, S.K. Shrivastava, Physical chemistry of dyeing of cellulosic fibers with
reactive dyes: part I : the role of electrolytes in the sorption of hydrolyzed reactive
dyes, Text. Res. J. 49 (1979) 322-325, https://doi.org/10.1177/
004051757904900604.

A. Johnson, The Theory of Coloration of Textiles, 2nd ed., SDC-Society of Dyers and
Colourists, Bradford, 1989.

Chapter 6 bleaching of textiles, in: S.R.B.T. T.S, T. Karmakar (Eds.), Chem.
Techonology Pre-Treatment Process. Text. Elsevier, 1999, pp. pp. 160-216, ,
https://doi.org/10.1016/50920-4083(99)80007-3.


http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0005
https://doi.org/10.1016/j.dib.2018.03.113
https://doi.org/10.1016/J.CEJ.2018.10.093
https://doi.org/10.1016/J.CEP.2018.08.010
https://doi.org/10.1021/acs.est.7b05340
https://doi.org/10.1021/acs.est.7b05340
https://doi.org/10.1021/acs.est.7b01795
https://doi.org/10.1021/acs.est.7b01795
https://doi.org/10.1021/acs.est.7b06081
https://doi.org/10.1021/acs.est.7b06518
https://doi.org/10.1021/acs.est.7b06518
https://doi.org/10.1021/acs.est.8b02984
https://doi.org/10.1021/acs.est.8b02984
https://doi.org/10.1021/acs.est.5b02227
https://doi.org/10.1016/J.JECE.2016.04.039
https://doi.org/10.1021/acssuschemeng.8b00640
https://doi.org/10.1021/acssuschemeng.8b00640
https://doi.org/10.1021/acssuschemeng.5b00234
https://doi.org/10.1021/acssuschemeng.5b00234
https://doi.org/10.1016/j.scitotenv.2017.11.301
https://doi.org/10.1016/j.scitotenv.2017.11.301
https://doi.org/10.1016/J.JCLEPRO.2018.07.001
https://doi.org/10.1016/j.jece.2018.08.050
https://doi.org/10.1016/j.jece.2016.10.005
https://doi.org/10.1016/j.jece.2016.10.005
https://doi.org/10.1016/J.CHEMOSPHERE.2018.07.064
https://doi.org/10.1016/J.CHEMOSPHERE.2018.07.064
https://doi.org/10.1021/acssuschemeng.7b01961
https://doi.org/10.1016/J.PROENG.2017.07.037
https://doi.org/10.1016/J.PROENG.2017.07.037
https://doi.org/10.1021/acssuschemeng.5b00578
https://doi.org/10.1016/J.JCLEPRO.2017.05.066
https://doi.org/10.1016/J.JCLEPRO.2017.05.066
https://doi.org/10.1021/acssuschemeng.7b01486
https://doi.org/10.1021/acssuschemeng.7b01486
https://doi.org/10.1016/J.JCLEPRO.2017.01.013
https://doi.org/10.1016/J.JCLEPRO.2017.01.013
https://doi.org/10.1021/acssuschemeng.8b03726
https://doi.org/10.1016/j.jclepro.2018.06.080
https://doi.org/10.1016/J.IBIOD.2017.01.021
https://doi.org/10.1016/j.radphyschem.2018.05.020
https://doi.org/10.1016/j.radphyschem.2018.05.020
https://doi.org/10.1016/J.JHAZMAT.2018.07.102
https://doi.org/10.1016/J.JHAZMAT.2018.07.102
https://doi.org/10.1016/J.ECOENV.2017.05.046
https://doi.org/10.1016/J.ENVPOL.2017.08.006
https://doi.org/10.1016/J.ENVPOL.2017.08.006
https://doi.org/10.1016/J.ENVPOL.2016.10.037
https://doi.org/10.1016/J.ENVPOL.2017.10.057
https://doi.org/10.1177/004051757904900604
https://doi.org/10.1177/004051757904900604
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0175
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0175
https://doi.org/10.1016/S0920-4083(99)80007-3

J.M. Rosa, et al.

(371

[38]
[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

1. Holme, Coloration of technical textiles, in: S.C. Horrocks, A.C. Anand (Eds.),
Handb. Tech. Text. 1st ed., Woodhead Publishing Limited, Cambridge, 2000, pp.
pp. 187-219 https://textlnfo.files.wordpress.com/2012/10/handbook_of_
technical_textile_.pdf.

Arthur D. Broadbent, Basic Principles of Textile Coloration, 1st ed, SDC - Society of
Dyers and Colourists, Bradford, 2001.

H. Zollinger, Color Chemistry: Syntheses, Properties and Applications of Organic
Dyes and Pigments, 3rd ed., Wiley-VCH, Cambridge, 2003.

V. Salem, Tingimento Téxtil: Fibras, Conceitos E Tecnologias, 1st ed., Blucher;
Golden Tecnologia, Sa Paulo, 2010.

J.M. Rosa, A.M.F. Fileti, E.B. Tambourgi, J.C.C. Santana, Dyeing of cotton with
reactive dyestuffs: the continuous reuse of textile wastewater effluent treated by
Ultraviolet / Hydrogen peroxide homogeneous photocatalysis, J. Clean. Prod. 90
(2015), https://doi.org/10.1016/j.jclepro.2014.11.043.

W.J. Jasper, R.P. Joshi, Control of a batch dyeing process with three acid dyes, Text.
Res. J. 71 (2001) 57-62, https://doi.org/10.1177/004051750107100109.

Y. Yang, S. Li, Cotton fabric inkjet printing with acid dyes, Text. Res. J. 73 (2003)
809-814, https://doi.org/10.1177/004051750307300910.

Z. Maria, E. Ioannis, N. Nikolaos, T. Eforia, Synthesis, characterization and appli-
cation of anionic metal complex azo dyes as potential substitutes for Cr-complex
dyes, Text. Res. J. 84 (2014) 2036-2044, https://doi.org/10.1177/
0040517514534749.

G. Hallas, Chemistry of anthraquinonoid, polycyclic and miscellaneous colorants,
in: John Shore (Ed.), Color. Aux. 2nd ed., SDC - Society of Dyers and Colourists,
Hampshire, 2002p. 960.

W. Biedermann, A. Datyner, Thermodynamics of the Solubility of Nonionic Dyes in
Water and in Poly (ethylene Terephthalate), Text. Res. J. 61 (1991) 637-644,
https://doi.org/10.1177/004051759106101103.

M.A. Iskender, B. Becerir, A. Koruyucu, Carrier dyeing of different energy level
disperse dyes on polyester fabric, Text. Res. J. 75 (2005) 462-465, https://doi.org/
10.1177/0040517505053875.

S. Dhouib, A. Lallam, F. Sakli, Study of dyeing behavior of polyester fibers with
disperse dyes, Text. Res. J. 76 (2006) 271-280, https://doi.org/10.1177/
0040517506061243.

Konica Minolta, Identifying Color Differences Using L*a*b* or L*C*H* Coordinates,
(2018) (accessed February 24, 2018), https://sensing.konicaminolta.us.

J.M. Rosa, E.B. Tambourgi, J.C.C. Santana, M. de Campos Araujo, W.C. Ming,

N. Trindade, Development of colors with sustainability: a comparative study be-
tween dyeing of cotton with reactive and vat dyestuffs, Text. Res. J. 84 (2014),
https://doi.org/10.1177,/0040517513517962.

ABNT, NBR 12713: Aquatic Ecotoxicology - Acute Toxicity - Test With Daphnia spp
(Clacedora, Crustacea), Sao Paulo (2016).

L.S. Leite, B.S. Maselli, G.A. Umbuzeiro, R.F.P. Nogueira, Monitoring ecotoxicity of
disperse red 1 dye during photo-Fenton degradation, Chemosphere 148 (2016)
511-517, https://doi.org/10.1016/J.CHEMOSPHERE.2016.01.053.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Journal of Environmental Chemical Engineering 7 (2019) 102973

F.I. Vacchi, A.F. Albuquerque, J.A. Vendemiatti, D.A. Morales, A.B. Ormond,

H.S. Freeman, G.J. Zocolo, M.V.B. Zanoni, G. Umbuzeiro, Chlorine disinfection of
dye wastewater: implications for a commercial azo dye mixture, Sci. Total Environ.
442 (2013) 302-309, https://doi.org/10.1016/J.SCITOTENV.2012.10.019.

F.I. Vacchi, P.C. Von der Ohe, A.F. de Albuquerque, J.A. de S. Vendemiatti,

C.C.J. Azevedo, J.G. Hondrio, B.F. da Silva, M.V.B. Zanoni, T.B. Henry,

A.J. Nogueira, G. de A. Umbuzeiro, Occurrence and risk assessment of an azo dye —
the case of disperse Red 1, Chemosphere 156 (2016) 95-100, https://doi.org/10.
1016/J.CHEMOSPHERE.2016.04.121.

0.P. Rocha, C.A. Cesila, E.M. Christovam, S.B. de M. Barros, M.V.B. Zanoni, D.P. de
Oliveira, Ecotoxicological risk assessment of the “Acid Black 210” dye, Toxicology
376 (2017) 113-119, https://doi.org/10.1016/J.TOX.2016.04.002.

G. Meireles, F. Abe, K. Accoroni, M. Zanoni, D. Oliveira, The commercial textile dye
disperse red 73 induces toxicity in Danio rerio and Daphnia similis, Toxicol. Lett.
229 (2014), https://doi.org/10.1016/J.TOXLET.2014.06.405 S112.

L.A.V. Luna, T.H.G. da Silva, R.F.P. Nogueira, F. Kummrow, G.A. Umbuzeiro,
Aquatic toxicity of dyes before and after photo-Fenton treatment, J. Hazard. Mater.
276 (2014) 332-338, https://doi.org/10.1016/J.JHAZMAT.2014.05.047.

J.M. Rosa, E.B. Tambourgi, J.C.C. Santana, Reuse of textile effluent treated with
advanced oxidation process by uv/h202, Chem. Eng. Trans. 26 (2012), https://doi.
org/10.3303/CET1226035.

E. Ozturk, N.C. Cinperi, Water efficiency and wastewater reduction in an integrated
woolen textile mill, J. Clean. Prod. 201 (2018) 686696, https://doi.org/10.1016/
J.JCLEPRO.2018.08.021.

S. Shiwanthi, E. Lokupitiya, S. Peiris, Evaluation of the environmental and eco-
nomic performances of three selected textile factories in Biyagama Export
Processing Zone Sri Lanka, Environ. Dev. 27 (2018) 70-82, https://doi.org/10.
1016/J.ENVDEV.2018.07.006.

G.A.R. de Oliveira, D.M. Leme, J. de Lapuente, L.B. Brito, C. Porredén, L. de B.
Rodrigues, N. Brull, J.T. Serret, M. Borras, G.R. Disner, M.M. Cestari, D.P. de
Oliveira, A test battery for assessing the ecotoxic effects of textile dyes, Chem. Biol.
Interact. 291 (2018) 171-179, https://doi.org/10.1016/j.cbi.2018.06.026.

S.I. Borrely, A.V. Morais, J.M. Rosa, C. Badaré-Pedroso, M. da Conceigao Pereira,
M.C. Higa, M. Da, C. Pereira, M.C. Higa, Decoloration and detoxification of effluents
by ionizing radiation, Radiat. Phys. Chem. 124 (2016) 198-202, https://doi.org/10.
1016/j.radphyschem.2015.11.001.

CONAMA, Resolugao Do Conselho Nacional De Meio Ambiente - CONAMA 357/
2005, (2005) (accessed October 12, 2017), http://www2.mma.gov.br/port/
conama/legiabre.cfm?codlegi = 459.

CONAMA, Resolugao Do Conselho Nacional De Meio Ambiente - CONAMA 430 /
2011, (2011) (accessed October 12, 2018), http://www2.mma.gov.br/port/
conama/legiabre.cfm?codlegi = 646.

M. Costa, A.S. Leite, J.M. Rosa, Sanches, Toxicidade em téxteis: Visao geral sobre
uma questao global, Qui. Téxtil. 129 (2018) 32-36.


https://textlnfo.files.wordpress.com/2012/10/handbook_of_technical_textile_.pdf
https://textlnfo.files.wordpress.com/2012/10/handbook_of_technical_textile_.pdf
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0190
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0190
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0195
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0195
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0200
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0200
https://doi.org/10.1016/j.jclepro.2014.11.043
https://doi.org/10.1177/004051750107100109
https://doi.org/10.1177/004051750307300910
https://doi.org/10.1177/0040517514534749
https://doi.org/10.1177/0040517514534749
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0225
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0225
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0225
https://doi.org/10.1177/004051759106101103
https://doi.org/10.1177/0040517505053875
https://doi.org/10.1177/0040517505053875
https://doi.org/10.1177/0040517506061243
https://doi.org/10.1177/0040517506061243
https://sensing.konicaminolta.us
https://doi.org/10.1177/0040517513517962
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0255
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0255
https://doi.org/10.1016/J.CHEMOSPHERE.2016.01.053
https://doi.org/10.1016/J.SCITOTENV.2012.10.019
https://doi.org/10.1016/J.CHEMOSPHERE.2016.04.121
https://doi.org/10.1016/J.CHEMOSPHERE.2016.04.121
https://doi.org/10.1016/J.TOX.2016.04.002
https://doi.org/10.1016/J.TOXLET.2014.06.405
https://doi.org/10.1016/J.JHAZMAT.2014.05.047
https://doi.org/10.3303/CET1226035
https://doi.org/10.3303/CET1226035
https://doi.org/10.1016/J.JCLEPRO.2018.08.021
https://doi.org/10.1016/J.JCLEPRO.2018.08.021
https://doi.org/10.1016/J.ENVDEV.2018.07.006
https://doi.org/10.1016/J.ENVDEV.2018.07.006
https://doi.org/10.1016/j.cbi.2018.06.026
https://doi.org/10.1016/j.radphyschem.2015.11.001
https://doi.org/10.1016/j.radphyschem.2015.11.001
http://www2.mma.gov.br/port/conama/legiabre.cfm?codlegi=459
http://www2.mma.gov.br/port/conama/legiabre.cfm?codlegi=459
http://www2.mma.gov.br/port/conama/legiabre.cfm?codlegi=646
http://www2.mma.gov.br/port/conama/legiabre.cfm?codlegi=646
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0325
http://refhub.elsevier.com/S2213-3437(19)30096-X/sbref0325

	Toxicity and environmental impacts approached in the dyeing of polyamide, polyester and cotton knits
	Introduction
	Materials and methods
	Materials
	Auxiliaries
	Dyestuffs
	Substrates

	Methods
	Dyeing
	Ecological costs
	Toxicity measurements


	Results
	Dyeing
	Ecological costs
	Toxicity

	Conclusions
	Acknowledgments
	References




