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ABSTRACT
Environmental awareness has become more important among individuals
and societies in recent years. The increasing awareness and sensitivity to the
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environment have made the reintroduction of natural dyes in the textile
industries even more important. To date, natural dyes have been employed
in the textile industries for years, and their use is now increasing rapidly.
However, there is no standard or no criteria for textiles colored with natural
dyes despite the fact that individual and institutional customers, textile
brands, and other bodies have been advocating for such as standards. For
this reason, NODS (Natural Organic Dye Standard) is required like GOTS
(Global Organic Textile Standard), OECO-TEX (International Association for
Research and Testing in the Field of Textile and Leather Ecology), and other
certificates. The NODS includes a list of natural dye resources (dye plants, dye
insects, dye mollusks, dye lichens, and dye fungi), natural coloring com-
pounds, mordant materials, auxiliary substances, and index of fastness prop-
erties of dyes used in textiles, and list of prohibited, and restricted
substances. The standards also specify test and analysis methods.
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Introduction

In the past textile goods (such as a garment or home textiles), have been demanded on the
market based on their price. The principal purpose of the textile companies producing fabrics
and goods was to manufacture at low cost. Nowadays, when purchasing textile goods con-
sumers demand not only specific designs, functionalities, and quality levels but also safety and
consideration for ecology, with concern for the protection of the environment and producers
in developing countries. Sustainability is becoming more of a marketing tool in the fashion
supply chain, forcing textile producers to respect high environmental standards in their
production methods (Caniato et al. 2012). Textile production is extremely complex and
involves a multitude of mechanical, chemical, and physicochemical processes. These processes
can include some harmful and toxic substances such as heavy metals, pesticides, etc. However,
the processes are strictly controlled by ZDCH (Zero Discharge of Hazardous Chemicals),
OEKO-TEX (International Association for Research and Testing in the Field of Textile and
Leather Ecology), and GOTS (Global Organic Textile Standard), etc. standards.

One of the most important issues of recent years is the ZDHC concept in textile dyeing and goods
(https://chem-map.com/zdhc-mrsl/; Ozdemir & Karadag 2023). It is known that natural dyes are the
most suitable method for the criteria of ZDCH and this dyeing is encouraged in textile dyeings by
important textile companies. But since there is no natural dye criteria and standards, the end
consumer is misled. This is due to fact that instead of natural dye products, synthetic dyed products
are sold. This obtains unfair gains and the ZDHC criteria are being eroded.

OECO-TEX, the subject of ecological textiles, was brought up in the 1990s with this standard.
Production by the environment and human health is based. Production of textile products starts from
the raw material to the final product and even to the waste state. Every substance and chemical used in
the process, including sewing thread, and zipper buttons, obliges to certify that it does not contain
dangerous substances. In addition, wastewater, flue gas, and human health issues are also covered by
the standard. The standard focused on the development of methods for testing pH, dangerous
substances, heavy metals, toxic dyes, crop protection substances, and carcinogenic substances like
formaldehyde, phenols, or pesticide in testing articles.

GOTS minimum textile of products must be produced from 70% organic, in all processes.
Processing, samples, import, packaging, and inspection are always reviewed. GOTS-certified products
must contain at least 70% organic fiber in all chemical products and international conditions should be
suitable. Organic Standardization of Fibers International Standards systems such as EEC 834/2007
should be suitable. Quality Assurance System (ISO 9001) Compliance with all requirements of the
standard in the training of a company working with GOTS should be met. GOTS aims to define
requirements to ensure the organic status of textiles, from harvesting raw materials, through envir-
onmentally and socially responsible manufacturing up to labeling to provide a credible assurance to
the end consumer. The controlling of the production, processing, manufacturing, packaging, labeling,
quality and certification, export, and import of all products from natural fibers (https://global-
standard.org).

CE (European Conformity Quality) certificate is the product passport for textiles. A requirement to
be complied with for products covered by EU countries. The non-EU country is a requirement for
them to sell their products in this market.
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RCS (Recycled Claim Standard) and GRS (Global Recycled Standard) are international, voluntary
standards that set requirements for third-party certification of recycled input and chain of custody.
The shared goal of the standards is to increase the use of recycled materials. The GRS includes
additional criteria for social and environmental processing requirements and chemical restrictions
(https://textileexchange.org/standards/recycled).

The desire to control bacteria, fungi, mold, and algae and eliminate some human health problems,
damage, stains, smells, and some materials that have been antimicrobial modified increased consider-
ably in recent years. Biocidal products used to treat various textile materials are designed to neutralize
and prevent the action or to exercise effective control on the development of any harmful organism in
chemical or biological ways. At the same time, biocides may manifest harmful effects on humans, and
animals. Biocides are used to maintain textiles in good hygienic conditions to avoid mold formation
and deterioration. Biocidal products are regulated and the use of biocides is restricted. Residue tests
are analyzed according to ISO 17,025. Pesticides, fertilizers used during the cultivation of natural fibers
(e.g. cotton), and pesticides do not decompose until final use in humans. They increase toxic
substances. This harms the reproductive, hormonal, and immune systems of humans.

Heavy metals such as arsenic, lead, cadmium, cobalt, chromium, nickel, copper, and mercury can
be found in dyestuffs used in coloring.

PFOS (perfluorooctane sulfonate), PFOA (perfluorooctanoic acid), and Teflon (Fluoro Carbon)
have been used because of their heat-resistant, water, and oil-repellent properties in textile, leather,
and paper coating, dyeing (Hou et al. 2022). But these substances have carcinogenic effects and their
use was restricted or prohibited.

There are many academic studies on using natural dyes in the textile industry. The number of these
studies has been increasing rapidly in recent years (Alkan, Torgan, and Karadag 2017; Baaka 2020; Guzel
and Karadag 2021; Guzel, Karadag, and Alkan 2020). There are many methods and many different
recipe studies in the dyeing of protein and cellulose-based fibers with natural dyes (Karadag 2022, 2023;
Ozdemir and Karadag 2023; Karadag and Yildiz 2022; Karadag, Buyukakinci, and Guzel 2022).

Sustainability, awareness, and properties of natural dyes are especially important to envir-
onmentally sensitive and conscious consumers, as interest in textile products dyed with natural
dyes has grown in recent years. Many textile industries are using natural dyes in some of their
production to meet the demands of their customers. Some textile companies continue their
R&D studies for mass production with natural dyeing. Yet, there is no standard to check that
a textile product has been dyed with natural dye. Thus, it is necessary to establish the NODS
(Natural Organic Dye Standard) The NODS aims to define particular requirements to ensure
the natural dye status of textiles, from raw materials to environmentally and sustainably
responsible manufacturing to provide credible assurance to the end consumer.

Natural dye raw materials

The NODS include 1686 main natural biological dye resources (dye plants, dye insects, dye
mollusks, dye lichens, and dye fungi) and 228 main coloring compounds (dyestuffs) contained
in these biological dyestuff resources books (B6hmer et al. 2002; Cardon 2007; Karadag 2007;
Schweppe 1992) and in many publications (Amin et al. 2020; Ammayappan and Shakyawar
2016; Baliarsingh et al. 2012; Cooksey 2019; Karapanagiotis et al. 2007; Petroviciua et al. 2012;
Shahid, Islam, and Mohammad 2013; Venil et al. 2020).

Dye plants

The vast majority of natural dye raw materials are dye plants. The roots, stems, branches, and
flowers or whole parts of certain plants are utilized in natural dyeings. The main coloring
compounds (dyestuffs) of the dye plants are anthraquinones, flavonoids, anthocyanins, caro-
tenoids, indigoids, and tannins, as outlined in these dyestuffs resources books (Bohmer et al.
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Table 2. List of dye insects.

Scientific name

Porphyrophora hameli Brand
Kerria chinensis
Porphyrophora hirsutissima
Porphyrophora tritici Bod.
Kermes vermilio Planchon
Dactylopius coccus Costa
Kerria lacca Kerr
Porphyrophora crithmi
Porphyrophora polonica L.
Porphyrophora sophorae
Dactylopius confusus
Dactylopius confuses
Dactylopius ceylonicus

2002; Cardon 2007; Karadag 2007; Schweppe 1992) and many publications (Baliarsingh et al.
2012; Petroviciua et al. 2012; Shahid, Islam, and Mohammad 2013). The NODS includes 1546
dye plants (Table 1).

Dye insects

Generally, red and purple colors were obtained from dye insects. The main coloring com-
pounds (dyestuffs) of the dye insects are carminic acid, kermesic acid, flavokermesic acid, and
laccaic acid as included in many. The coloring compounds are anthraquinones books (Bshmer
et al. 2002; Cardon 2007; Karadag 2007; Schweppe 1992) and many publications (Amin et al.
2020; Ammayappan and Shakyawar 2016; Cooksey 2019; Raisanen 2009; Reese 2008; Shaheen,
Igbal, and Hussain 2018; Shahid, Islam, and Mohammad 2013; $ahinbagkan, Karadag, and
Torgan 2018). The standard includes 13 dye insects (Table 2).

Dye molluscs

The purple color was obtained from dye mollusks. The purple dye extracted from mollusks has
historically been considered a luxurious color and evidence of its first use has been found around
the Mediterranean basin. The color has been known as Imperial and Royal purple since ancient times.
The dye mollusks include indigoid coloring compounds, as contained in many books (B6hmer et al.
2002; Cardon 2007; Karadag 2007; Schweppe 1992) and many publications (Karapanagiotis et al. 2007;
Reese 2008). The standard includes 12 dye mollusks (Table 3).

Table 3. List of dye mollusks.

Scientific name

Rapana venosa
Rapana bezoar
Stramonita chocolata
Thais savignyi
Nucella lapillus

Thais kiosquiformis
Hexaplex trunculus L.
Thais kiosquiformis
Stramonita biserialis
Stramonita haemastoma L.
Bolinus brandaris L.
Ocenebra erinaceus




Table 4. List of dye lichens.
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Scientific Name

Scientific Name

Scientific Name

Scientific Name

Scientific Name Scientific Name

Alectoria
sarmentosa
Bryopogon
jubatum
Caloplaca
arenaria
Caloplaca
cinnabarina
Caloplaca elegans

Caloplaca
feruginea

Caloplaca
percrocata

Cladonia pyxicata

Cladonia pyxicata Lecanora
sulphurea
Cladonia Lecanora
rangiferina tartarea
Cladonia silvatica Letharia
vulpina
Diploschites Letharia
scruposus vulpina L.
Fulgensia fulgida Lichen
a Nombril
Lecanora
epanora

Lecanora parella

Lecanora rupicula

Lichen floridus

Lichen parellus

Lichen pulmonaire
Lichen pulmonarius
Lichen Quebracho

Colorado
Lichen rocella

Lichen tartareus de Linne

Lichen de Roche Lobaria pulmonaria

Ochrolechia parella
L. and spp.

Ochrolechia tartarea L.

Roccella Solorina crocea
canariensis

Roccella flacida  Teloschistes exilis

Roccella Teloschistes flavicans
fuciformis

Roccella Teloschistin flavicans
loriformis

Roccella Usnea spps
montagnei

Roccella Xanthoparmelia chlorochroa
phycopsis and spps

Roccella Xanthora parietina L.
portentosa

Roccella
tinctoria

Table 5. List of dye fungi.

Scientific Name

Scientific Name

Scientific Name

Scientific Name

Scientific Name Scientific Name

Boletinus cavipes ~ Gomphilius glutinosus Pertusaria Pycnoporus cinnabarinus  Suillus bovinus ~ Usnea florida
corallina
Chlorella fusca Gomphilius maculatus  Pertusaria Ramalina crassa Suillus grevillei  Usnea hirta
dealbata
auct
Chlorociboria Hapalopilus rutilans ~ Pertusaria Sphaerophorus fragilis Suillus grevillei  Usnea longissima
aeruginosa dealbescens
Chlorociboria Hydnum aurantiacum  Pertusaria Stereocaulon corticulatum  Suillus piperatus  Usnea pectinata
aerunginosum lactea var. procerum
Chlorosplenium Hydnum soaveolens  Pertusia spp. Sticta aurata Suillus variegatus Usnea plicata
aeruginosum
Chrolechia Inonotus hispidus Piptoporus Sticta colensii Suillus variegatus Xanthoria elegans
pallenscens australiensis
Coriolus Laricifomees Pisolithus Sticta coronata Trametes Xanthoria fallax
sanguineus officinalis arhizus cinnabaria
Cortinarius Lasallia pustulata Podaxis Sticta coronata Umbicilaria Xanthoria parietina
sanguineus pistillaris pustula
Cortineus Mycoblastus Polyporus Sticta fuliginosa Ungulina Xanthoria parietina
sanguineus sanguinarius leucomelas fomentaria var. Aureola
Echinodontium Nephroma Polyporus mori  Sticta pulmonacea Usnea barbata Talaromyces
tinctorium laevigulatum verruculosus
Fomes fomentarius Nephromopsis Polystictus Sticta pulmonaria Usnea barbata  Chlorociboria
endocrocea cinnabarinus var. florida aeruginosa
Gomphidius Paxillus Polystictus Suillus bovinus Usnea dasypoga  Scytalidium
glutinosus atrotomentosus versicolor cuboideum
and spps.
Dye lichens

Several dyes have been obtained from lichens, and the use of lichens to produce dyes has
a long history. Lichens form a group comprising of more peculiar natural colorants in dyeing
violet and purple colors that have been widely used in Europe and other parts of the world
since ancient times up until the beginning of the Middle Ages. The standard includes mainly
46 dye lichens (Cardon 2007; Schweppe 1992) as do many publications (Raisanen 2009;
Shaheen, Igbal, and Hussain 2018) (Table 4).
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Table 6. List of dyestuff.

(1) Dyestuff CAS NUMBER
Carminic acid 1260-17-9
Kermesic acid 18499-92-8
Flavokermesic acid 18499-84-8
Laccaic acid A 60687-93-6
Laccaic acid B 17249-00-2
Laccaic acid C 23241-56-7
Laccaic acid D 18499-84-8
Laccaic acid E 14597-16-1
6’ - bromoindirubin 667463-62-9
6,6' - dibromoindigotin 19201-53-7
6,6’ -dibromoindirubin 1147124-21-7
Hydroxysafflor yellow A 78281-02-4
Anhydrosafflor yellow B 184840-84-4
acetylalkannin 34232-27-4
ruberythric acid 152-84-1
eupatorin 855-96-9
Dibromoindigo 19201-53-7
Monobromoindigo 139582-54-0
Monbromoindirubin 57-13-6
Alizarin 72-48-0
Purpurin 81-54-9
Munjistin 478-06-8
Rubiadin 117-02-2"
Pseudopurpurin 476-41-5
Juglons 281-688-1
Indigotin 482-89-3
Indirubin 479-41-4
Luteolin 491-70-3
Apigenin 520-36-5
Naringenin 480-41-1
Fisetin 528-48-3
Sulfuretin 120-05-8
Quercetin 117-39-5
Berberine 633-65-8
Genistein 446-72-0
Kaempferol 520-18-3
Delphinidin 528-53-0
Cyanidin 528-58-5
Petunidin 1429-30-7
Pelargonidin 134-04-3
Malvidin 643-84-5
Myricetin 529-44-2
Catechines 154-23-4
Epicatechin 490-46-0
Hesperitin 520-26-3
Gallic acid 149-91-7
Ellagic acid 476-66-4
Tannin 1401-55-4
Hespidin 520-26-3
Precarthamin 102716-32-5
Carthamin 36338-96-2
Saflomin A 78281-02-4
Safflor yellow A 85532-77-0
Saflomin C 78281-02-4
Naphthazarin 475-38-7
Alkannin 517-88-4
Diospyrin 28164-57-0
Shikonin 54952-43-1
Mamegakinone 17734-93-9
Diosindigo A 31241-57-3
Lawsone 83-72-7
Maderone 84929-38-4
Ventilone 51022-70-9

(Continued)
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Table 6. (Continued).
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(1) Dyestuff

CAS NUMBER

Chrysophanol
Aleo-emodin
Rhein

Emodin

Physcion
Alaternin
Islandicin
Xanthorin and derivatives
Ventinone A
Xanthopurpurin
Alizarin 1-methyl ether
Lucidin and derivatives
Damnacanthal
Munjistin
Soranjidiol
Antragallol
Morindone
Oruwal

Crisilinol
Xanthomicrol
Norartocarpetin
Genkwanin
Artocarpesin
Norartocarpin
Arthraxin

Tricin

Artonin A and Artonin B
Galangin

Fisetin
Kaempferol
Eupalitin
Isokaempferide
Morin

Quercetin
Myricetin
Quercetagetin
Formononetin
Osajin
Isoliquiritigenin
Butein

Okanin

Flemingin A, B, C
Chalcone
Sulfuretin and derivatives
Maclurin

Rottlerin
Cyanomaclurin
Pelargonidin
Cyanidin
Delphinidin
Peonidin
Petunidin
Malvidin
Apigeninidin
Luteolinidin
Tricetinidin
Aurantinidin
6-Hydroxycyanidin
6-Hyrdroxydelphinidin
5-Methylcyanidin
Rosinidin
Pulchellinidin
Europinidin

83-72-7
481-72-1
478-43-3
518-82-1
521-61-9
641-90-7
476-56-2

17526-15-7
73726-67
518-83-2

6170-06-5
478-08-0
477-84-9
478-06-8
518-73-0
602-64-2
478-29-5

36956-68-0

51874-89-6

16545-23-6
520-30-9
437-64-9

3162-09-2

62949-79-5

23986-34-7
520-32-1

548-83-4
528-48-3
520-18-3
29536-41
1592-70-7
480-16-0
117-39-5
529-44-2
90-18-6
485-72-3
482-53-1
961-29-5
487-52-5
484-76-4
18296-58-7
614-47-1
120-05-8
519-34-6
82-08-6
18422-83-8
134-04-3
528-58-5
528-53-0
134-01-0
1429-30-7
643-84-5
1151-98-0
1154-78-5
65618-21-5
25041-66-1
42529-06-6
28094-15-7
178436-69-6
4092-64-2
25791-96-2
19077-87-3

(Continued)
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Table 6. (Continued).

(1) Dyestuff CAS NUMBER
Hirsutidin 4092-66-4
Capensinidin 19077-85-1
Brazilin 474-07-7
Brazilein 600-76-0
Sappanol 111254-19-4
Episappanol 111254-18-3
Sappanone 102067-84-5
Protosappanin 102036-28-2
Protosappanin E 102036-28-2
Caesalpin J 99217-67-1
Santalin 529-60-2
Santarubin 37381-57-0
Pterocarpin 524-97-0
Homopterocarpin 606-91-7
Claussequinone 35878-39-8
Bixin 6983-79-5
Trans-bixin 39937-23-0
Crocetin 27876-94-4
Curcumin 458-37-7
Canadine 522-97-4
Oxyacanthine 548-40-3
Berbamine 478-61-5
Sanguinarine (cation) 2447-54-3
Chelerythrine (cation) 3895-92-9
Berberine 633-65-8
Jatrorrhizine 3621-38-3
Columbamine 3621-36-1
Palmatine 10605-02-4
Canadine 522-97-4
Coptisine 3486-66-6
Worenine 38763-29-0
Phellodendrine 6873-13-8
Magnoflorine 2141-09-5
Oxyacanthine 548-40-3
Berbamine 478-61-5
Sanguinarine 5578-73-4
Chelerythrine 34316-15-9
Cryptolepine 480-26-2
Pentagalloyl-B-D-glucose 14937-32-7
Tara tannin 94855-05-7
Corilagin 23094-69-1
Chebulinic acid 18942-26-2
Tellimagrandin | 79786-08-6
Casuarictin 79786-00-8
Pedunculagin 7045-42-3
Vescalin 34112-28-2
Vescalagin 36001-47-5
Roburin A 132864-75-6
Roburin B 132864-75-6
Roburin E 132864-75-6
Alnusiin 78836-99-4
Punicalin 65995-64-4
Granatin A 161205-11-4
Granatin B and chebulagic acid 77322-54-4
Punicacortein A 103488-35-3
Punicacortein C 103488-37-5
Punigluconin 103488-38-6
Woodfruticosin 126347-63-5
Flavan 494-12-2
Gambiriin C 76236-89-0
Fisetinidol 490-49-3
Robinetinidol 528-56-3
Proanthocyanidin 20347-71-1

(Continued)
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(1) Dyestuff

CAS NUMBER

Acutissimin A
Orsellinic acid
Lecanoric acid
Orcinol
Phenoxazone
Orceins

Erythrin
Diploschistesic acid
Gyrophoric acid
Physodic acid
B-orcinol

Atranorin

Thamnolic acid
Barbatic acid
Barbatolic acid
Protocetraric acid
Fumarprotocetraric acid
Physodalic acid
Psoromic acid
Lobaric acid
Salazinic acid

Usnic acid

Pulvinic acid
Involutin

Polyporic acid
Flavomentins A,B,C,D
Spiromentins A,B,C,D
Thelephoric acid
Parietinic acid
Fallacinol

Physcion

Emodin
Norbadione-A
Bisnorbadioquinone-A
Fomentariol
Anhydrofomentariol
Hispidin

Cinnabarin
Echinotinctone

108906-66-7
480-64-8
480-56-8
504-15-4
135-67-1
1400-62-0
480-57-9
537-08-6
548-89-0

84-24-2
6153-39-5
479-20-9
484-55-9
67-52-7
529-50-0
489-51-0
489-50-9
84-24-2
7299-11-8
522-53-2
521-39-1
7562-61-0
26548-70-9
13677-78-6
548-59-4
121254-52-2
4829-36-1
479-64-1
17636-18-9
569-05-1
521-61-9
518-82-1

90295-68-4

90295-70-8

53948-12-2

63521-58-4
555-55-5
146-90-7

176181-82-1

Fungi occupy a unique place in the history of dyeing. The fungi class of organisms previously
considered part of the plant kingdom, is now recognized as a separate kingdom, distinct from
both plants and animals. Most fungi produce pigments that are water-soluble and ideal for
industrial production since they can be easily to scaled up in industrial fermenters and
extracted without the use of organic solvents (Venil et al. 2020). The standard includes 72
dye fungi (Cardon 2007; Schweppe 1992) as do many publications (Venil et al. 2020) (Table 5).

Coloring compounds (dyestuffs)

Natural coloring compounds include a group of quinones (naphthoquinone, anthraquinone, etc.),
flavonoids, anthocyanin, carotenoids, indigoids, and tannins (Bohmer et al. 2002; Cardon 2007;
Karadag 2007; Schweppe 1992) demonstrated as well in many publications (Andsen and Markham
2006). The standard includes 228 coloring compounds (Table 6).
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Table 7. List of fastness values.

Technical Quality Parameters

Parameter Criteria Test Method
Rubbing fastness (dry) 3-4 1SO 105 x 12
Rubbing fastness(wet) 2 1SO 105 x 12
Sweat fastness (alkaline and acidic) 3-4 ISO 105 E04
Sweat fastness 3 ISO 105 E04
Lightfastness 3-4 ISO 105 B02
Saliva fastness (baby products only) 5 BVL B82.92.3
DIN 53,160-1
Washing fastness (40°C) 3-4 1SO 105 C06 ATM

Table 8. Inorganic Element Content Maximum Limits in the Natural Dyed Product.

Inorganic element content CAS NO Maximum limit (mg/kg)
Fe 7439-89-6 free
Ca 7440-70-2 free
Cu 7440-50-8 <25.00
Cr 7440-47-3 <1.00
Ni 7440-02-0 <1.00
Ba 7440-39-3 <1000.00
Si 7440-21-3 free

K 7440-09-7 free
Pb 7439-92-1 <0.20
As 7440-38-2 <0.20
Sn 7440-31-5 <0.20
Cd 7440-43-9 <0.10
Co 7440-44-0 <1.00
Hg 7439-97-6 <0.02
Se 7782-49-2 <0.20
Mn 7439-96-5 <90.00
Zn 7440-66-6 <750.00
Sb 7440-36-0 <0.20
Al 7429-90-5 free

Table 9. Prohibited and Restricted Substances.

Substance group Criteria
Aromatic and halogenated solvents Prohibit
Flame retardants Prohibited ones

— Chlorinated flame retardants

— Brominated flame retardants

— Phosphorus flame retardants

— Flame retardants containing antimony
— Disodium octaborate

Chlorinated benzenes and toluene Prohibit
Chlorophenols (salts and esters) Prohibit
Complexing agents and surfactants Prohibited ones

® All AP and APEO

® EDTA

® DTPA

® NTA

® |AS

® a-MES
Endocrine disruptors Prohibit
Formaldehyde and other aldehydes Prohibit

Glycol derivatives Prohibit




JOURNAL OF NATURAL FIBERS 19

Table 10. Maximum Limits of Residues in Products.

Parameter Criteria Test Method
Alkyl phenol <20 mg/kg GC/MS, HPLC/MS
AOX <5 mg/kg 1509562

Aryl amines <20 mg/kg HPLC/GCMS
Formaldehyde <16 mg/kg 1SO 14,184-1
Glyoxalin <20 mg/kg 1SO 17,226-1 (HPLC)

Table 11. Natural mordant substance in the product content.

Mordant substance CAS NO Maximum limit (mg/kg)
KAI(SO,),.12 H,0 7784-24-9 free
Aly(SO4)3 10043-01-3 free
FeSO, 7782-63-0 free
Fe»(S04)3 10028-22-5 free
Ca compounds all free
Mg compounds all free
K compounds all free
Si compounds all free

Table 12. Synthetic dyestuffs and binders contained in the product.

Dyestuff Group Maximum limit (mg/kg)
Azoik dyestuffs All 0.00
Direct dyestuffs All 0.00
Vat Dyestuffs All 0.00
Sulfur dyestuffs All 0.00
Reactive dyestuffs All 0.00
Reducing dyestuffs All 0.00
Oxidation dyestuffs All 0.00
Acid dyestuffs All 0.00
Alkali dyestuffs All 0.00
Mordant dyestuffs All 0.00
Chrome dyestuffs All 0.00
Disperse dyestuffs All 0.00
Pigment dyestuffs All 0.00
Synthetic binders All 0.00

Fastness

The color fastness property of textile materials, especially fabric is very important for proces-
sing and use. It is the ability to withstand the reduction of color from the surface of textile
materials when undergoing different processes and treatments. The response of the color
fastness property to washing, light, rubbing, and sweat fastness (alkaline and acidic) of the
dyed goods was determined according to ISO 105 C06 Al M, ISO 105 B02, ISO 105 x 12, and
ISO 105 E04, respectively (Table 7).

Prohibited and restricted substances

Prohibited and restricted substances in the GOTS (Global Organic Textile Standard) were
prohibited and restricted by the NODS (Natural Organic Dye Standard) (Tables 8-12).
Synthetic coloring compounds (dyestuffs) and synthetic binders are also prohibited under
GOTS standards (https://global-standard.org/). In addition, list of restricted substances in
finished products, major risk areas in the textile supply chain, and the importance of manu-
facturing restricted substances were given (Gobalakrishnan, Das, and Saravanan 2021).
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Result and discussion

NODS was set as a standard after the needs of the textile industries and the demand of
customers. Numerous published articles (Deveogl and Karadag 2019; Sahinbagkan, Karadag,
and Torgan 2018) and books (B6hmer et al. 2002; Cardon 2007; Karadag 2007; Raisanen 2009;
Schweppe 1992) about natural dyes and natural coloring compounds have been published in
the last thirty years. NODS includes natural dyes/coloring compounds found in textile goods
(Tables 1-6). It rates the fastness of natural dyes lower than of synthetic dyes in cellulose-
based fibers or fabrics. For this reason, it has been assumed that the fastness of natural dyes is
moderate. However, the fastness values are sufficient for the textile companies using them for
natural dyed textiles goods (Table 7). Heavy metals and substances that are restricted, pro-
hibited, and limited to use in textile products according to GOTS standards were also
restricted, prohibited, and limited uses in NODS standards (Tables 8-10).

Free mordant metals and some free elements were given in the NODS (Table 11). All synthetic
dyestuff groups and all synthetic binder groups contained in the textile product were prohibited in the
NODS (Table 12).

Conclusion

Quality, sustainability, eco-friendly, awareness, ZHCD, GOTS, and other criteria now outweigh price
as the prime consideration for customers. Natural dye resources and natural coloring compounds
(dyestuffs) are increasingly used in high-volume textile production industries (Karadag 2022, 2023).
With both consumer and brand demand, it has become a necessity set a standard (NODS) in the dyed
textile products for natural dyes as well as the other desirable standards for textile products. NODS
criteria are also requested in the natural dyed productions. To respond to this demand, the articles
have developed criteria for NODS based on previous research. When purchasing textiles that follow
the NODS, the consumers can be sure that the goods are colored with natural dye and will be able to
use them with confidence. Brands and textile industries that produce according to the NODS will be
earning more while contributing to sustainability and eco-friendly dyeings.

By its nature, the NODS does not include dangerous substances, heavy metals, toxic dyes,
carcinogenic substances, pesticides, and synthetic dyes.

Following new developed in technology and materials, and responding to new customer demands,
and to new analysis methods, engineers and chemists are constantly improving and refining standards
such as GOTS, OECO-TEX, ZDHC, and others. For similar reasons, new versions of NODS will also
respond to changes in science. NODS creates important and timely new standards for the textile
industry. It is created exclusively for textiles that use natural dyes and is not suitable for synthetic
materials or synthetic dyes. The image of the NODS standard was designed as above the title.
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Highlights

® Natural dyes have been used in the textile dyeing industry in recent years and are increasing rapidly. However, there
is no standard for the use of natural dyes in textile goods and textile dyeings.
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® One of the most important issues of recent years is the Zero Discharge of Hazardous Chemicals (ZDHC) concept in
textile dyeing and goods. It is known that natural dye is the most suitable method for the criteria of ZDCH and this
dyeing is encouraged in the textile dyeings by important textile companies.

® All dye plants, dye insects, and dye mollusks were given used in the natural dyeings in the manuscript.

® Fastness tests were given in the manuscript.

® NODS is demanded by the textile industries and their customers.
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