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ANNEX 9 

(Ref. §3.30)

OSLO AND PARIS CONVENTIONS FOR THE PREVENTION OF MARINE POLLUTION

SIXTEENTH JOINT MEETING OF THE OSLO AND PARIS COMMISSIONS

KARLSKRONA: 13-17 JUNE 1994

PARCOM Recommendation 94/5

Concerning Best Available Techniques

and Best Environmental Practice

for Wet Processes in the Textile Processing Industry* 

1.
Introduction

The Textile Processing Industry is a collection of highly diverse industrial activities.  The Best Available Techniques (BAT) and Best Environmental Practice (BEP) for this industry do therefore constitute a complex set of measures aimed at improving the environmental impact resulting from these activities.

Contracting Parties to the Convention for the Prevention of Marine Pollution from Land-Based Sources RECOMMEND:
2. 
Definitions

In this Recommendation :


a.
"Textile" means any product derived from the manufacture of natural fibres such as wool, cotton, flax and/or the manufacture of fibres synthesized and processed from petrochemicals and modified wood pulp such as polyester, nylon, polypropylene and viscose. These products can be yarns, fabrics or consumer products (eg. garments, carpets, upholstery, technical textiles).


b.
"Textile Processing" means the preparation of natural, and man-made (semi-natural and synthetic) fibres, including both 



(i)
the mechanical processes such as carding, spinning, weaving, knitting or tufting, and



(ii)
the physico-chemical processes which mainly take place in aqueous ('wet') media, such as the pretreatment, the colouring and the finishing of the fibres, yarns and fabrics.



The upstream delimitation is the production of the raw material from which a treatable fibre can be produced (both the growing of natural fibres and the  production of (semi-)chemical fibres, such as viscose); these processes are not considered in this document.



The downstream delimitation is determined by the last process which alters the intrinsic properties of yarns or fabrics, before they are merely handled or reassembled into final products (clothing industry, etc).



Unit operations consist of :



(i)
preparations for spinning (spin finish) and weaving (slashing);



(ii)
preparation for colouring and finishing by scouring, washing, wool carbonising, desizing, bleaching, mercerising;



(iii) 
colouring by dyeing, printing, spacing;



(iv)
finishing, eg. softening, wool fulling, carpet backing, insect resist-proofing, fire resist-proofing, shrink resist-proofing, easy care, anti-soiling, water- or oil repellency.


c.
"Textile improvement" includes such processes as bleaching, dyeing or printing, and (high) finishing. (Commission) Improvement companies are specialised in those physico-chemical processes.


d.
"Non-integrated companies" means companies in which only a part of the necessary textile processes take place, eg. spinning and weaving, or dyeing and finishing.


e.
"Integrated companies" means companies which operate all required textile processes : both the mechanical and the physico-chemical processes.


f.
"Hazardous substances" means substances which are toxic, persistant and liable to bioaccumulate.

3.
Scope

This Recommendation applies to textile wet  processing only.

4. 
Application of the BAT and BEP concepts to the textile processing industry

General criteria of what constitutes BAT and BEP are laid down in the OSPAR Convention 1992
.

The application of the BAT and BEP concepts will in an "Integrated Pollution Prevention and Control"-framework go through the following types of measures  which are of particular importance to the textile industry as a basis for concrete emission reductions:

A.
PREVENTION 

1. 
Banning of the use of substitutable hazardous or dangerous substances.

2. 
Selection of raw materials and chemicals by considering their utility and environmental impact (quality requirements).

3. 
Limited use of a substance (both in a qualitative sense (when there is no alternative available) and in a quantitative sense (as little as possible)).

B.
IN PLANT MEASURES 

1. 
Limited application of a process (depending on product quality targeted).

2. 
Production facilities suited to the product, the production environment and conceived to minimize wastes (hardware requirements).

3. 
Optimisation of processes (eg. by automation) to save energy, water and chemicals and limiting the amount of waste produced (eg. products failing to meet quality standards); spill prevention.

4. 
Recovery of auxiliary chemicals;

5. 
Reuse of residues;

6. 
Reuse of water.

C.
TREATMENT 

1. 
Purification of unavoidable emissions (waste water, but also air purification when applicable) by suitable techniques.

2. 
Adequate waste treatment.

D. 
"BEP" : INFORMATION - COMMUNICATION -ASSESSMENT- RESEARCH
The following measures are of a sectoral nature extending beyond the workfloor (Best Environmental Practice):

1.
Establishment and use on a sector-wide basis of a central database with ecological information on the chemicals used in the textile industry
, which enable assessments with maximum information;dissemination of up-to-date information is of prime importance in a sector in which thousands of commercial formulations are in use, with rapid appearances of new products and disappearances of "old-fashioned" ones;

2.
Inventories of material pathways : raw materials, end products, wastes, water, types of processes and their operation;

3.
Assessment of alternative waste-minimisation options;

4.
Diffusion of information on BAT/BEP management systems;

5.
Environmental labelling of products;

6.
Active sector participation in new developments of BAT/BEP environmental protection measures, such as technological research.

5. 
Requirements

Operators processing textiles should minimise the environmental impact of their textile production through the appropriate combination of the types of BAT and BEP measures mentioned in 4. above and more specifically through considering the application of such concrete elements as identified in Annex 1.

6.
Implementation
Contracting Parties should present information on the  follow-up of this Recommendation to the appropriate working group of the Commission five years after its adoption.
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Text appearing in italics within boxes is for information only.

1. 
Fibre conditioning in spinning and weaving mills (see also 2.4. Desizing)
Actual spin finishes (spin finish containing spinning oil, emulsifier, antistatic agent), spooling oils and sizes applied to the surface are to be removed by water in a later production stage (pretreatment, dyeing or finishing).

Prevention

1.
Non-degradable spin finish (oils, antistatica, emulsifier) should be substituted by degradable alternatives, eg. substitution of non-degradable mineral oils and mineral oils containing significant amounts of aromatics by 


a. 
degradable synthetic oils; or


b.
for integrated mills vegetable oils without hazardous preserving agents.


Sizes amenable for recycling should be preferred.

2.
Use of spin finish and sizes should be minimised and optimized, reducing the load of total organic carbon (TOC) and nitrogen.

In Plant Measures

3.
For integrated companies, the reuse of size-residues can be considered a viable option.

4.
Acceptance by the weaving mills of (universally applicable) recovered sizes from the desizing plant should be considered.

5.
If reuse is considered impossible (also for non-integrated and commission improvement companies), preventive measures (choice of degradable substances which can be removed easily with water) are necessary. 

6.
Recovery of spinning oils (efficient washing and filtration) and reuse (eg. incineration).

Treatment

7.
Non-recoverable residues of sizing baths should normally be treated as waste if an assessment of possible other alternatives indicates these are not more favourable from an environmental point of view.

8.
Waste water from cleaning the machines should be purified by biological treatment (starch and derivatives, galactomannate, adapted PVA) or concentrated by ultrafiltration (water soluble PVA formulations, CMC, PVA-CMC, PAC, starch derivates). In most cases chemical coagulation or thermal precipitation are not considered to represent BAT because they transfer the environmental problem to the produced sludge. Chemical coagulation or bioelimination (simultaneous adsorption, coagulation), however may be the best choice (eg. for PES and PAC: coagulation with iron) if the sludge is adequately handled and disposed of with minimal environmental impact..

9.
Treatment of sizes and oil concentrates or waste by low energy or energy producing systems (anaerobic digestion, incineration).

2. 
Pretreatment of textile materials

Water pollution in a textile plant occurs mainly in the pretreatment stage. The "minimum preparation" approach - in which fibres are not treated beyond the quality required - is particularly interesting in view of the high cost and pollution of the classical full cleaning approach. 
2.1. 
Washing & scouring

Prevention

Surfactants

These substances are used as wetting agent, detergent, emulsifier or dispersant.

10.
Surfactants should have a high degree of ultimate biodegradability without producing metabolites that are toxic to aquatic species.

11.
Alkylphenolethoxylates (APEO) in detergents and dispersants should be substituted by readily biodegradable surfactants (see § 10), or should at least not reach the final effluent.

12.
Similar restrictions for other non-readily biodegradable surfactants should be considered.

13.
Many alternatives for dispersants are available (eg. binary blends).

Solvents

14.
Solvents should be selected by considering their utility and environmental impact.  The use of solvents should be avoided when their environmental impact is considered more damaging than available alternatives .
15.
Use of halogenated solvents in open systems should cease, except when they are used further in small quantities  for spot removal to avoid wasting of valuable produced textile. They should only be used when their overall environmental impact is considered less damaging than other methods for grease removal.

Alkalis

16.
Salination and the need for acid consumption should be avoided by:


a.
minimization of alkaline treatments, such as mercerising ;


b.
choice of textile materials with good dyability;


c.
adaptation of dyeing processes or choosing dyes applicable in neutral media and low salt concentrations.

Oxygen consuming substances

A part of the pollution from the pretreatment of raw cotton and wool could be avoided by the import of pretreated fibres; however, this would generally mean a transfer of the environmental problem to the fibre-exporting country without solving it, and is therefore an unsatisfactory measure. Where pollution prevention strategies are in place, scouring wool in grower countries may represent BEP, as energy consumption in transport is reduced.
17.
The oxygen consumption of waste water to be treated needed for a complete mineralisation of organic substances can on many occasions be limited through a careful selection of chemicals and raw materials. Special emphasis should be laid on the minimization of the organic substances which are not eliminated in a biological treatment plant ( "recalcitrant COD") by a suitable choice of textile auxiliaries.

Other harmful substances

Natural fibres are often contaminated by residues from veterinary treatments, and by substances used for conservation during storage and transport. Pentachlorophenol, DDT and other chemicals still are used to protect natural fibrous materia. Metals such as mercury, arsenic and copper are in use as alternative preserving agents for textiles, natural sizes, thickeners and vegetable or animal spinning oils. 

18.
Member companies of the Ecological and Toxicological Association of the Dyes and Organic Pigments Manufacturers (ETAD) have set low limits for metals in non-metalised dyes (see Appendix 2). Imported dyes from non-ETAD member companies/countries should meet the same quality standards.

19.
In the context of ecolabelling developments, buyers of raw materials and importers should stimulate quality control schemes in supplier countries through chemical analysis of potentially polluting substances.

20.
Import of raw materials (fibres, textiles, chemicals) should be investigated for their potential contribution to aquatic emissions of hazardous substances. When assessing this issue, the occurrence of the following substances in the untreated waste water from the pretreatment step can be used as an indication when preventive action may be warranted:


-
DDT;


-
pentachlorophenol (PCP);


-
arsenic;


-
lead;


-
cadmium;


-
mercury;


-
zinc (viscose or recuperated proteinous fibres);


-
chromium (recuperated proteinous fibres).


The preventive or remedial measures to be considered, include: 


a.
substitution of the pollution carrying imported material;


b.
installation of an adequate water treatment system which can remove these persistent 
compounds from the effluent.

21.
Substances that contain PCP or p-chlorophenol (a precursor of PCP) should be avoided. Chemicals containing hazardous substances should be investigated for their substitution.
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General

22.
Efficient washing machines should be used, allowing a high recovery rate of the size (eg. up to 50% of the size can be recovered in the first washing stage). 

23.
The minimum preparation approach should, whenever possible with regard to the final product, be chosen instead of the classical preparation. 

24.
Counter-current water flow should be used.

25.
Wool-washing stages should be kept separate to prevent dilution of pollutants and to enable separate recovery of substances.

26.
Wool-grease should be separated for valorisation (lanoline and/or energy). If incineration with energy recovery is available, it may be preferable to remove grease from the effluents by flocculation to produce a sludge with a high calorific value.

27.
Pretreatment stages should be combined as much as possible to reduce consumption of water and energy (combined scouring, desizing, bleaching). Oxidative (peroxide) combined desizing gives lower pollution than three stage scouring, desizing, bleaching.

Solvents

28.
The use of potentially ozone-depleting solvents should be in agreement with the Vienna Convention for the Protection of the Ozone Layer and the Montreal Protocol on Substances that Deplete the Ozone Layer and the national programmes established for their implementation.

29.
In scouring, fulling, dry-cleaning of wool etc., the use of perchloroethylene (PER) is only justified when equipment for the  recycling of the solvent and cleaning of the exhaust air (e.g. activated carbon adsorption) is in place. (Regarding waste containing PER see paragraph 35).

Alkalis

30.
No more than optimum amounts of alkaline recipes should be prepared; carry-over should be prevented; alkalis should be recycled and reused as much as possible; rinsing water should be reconstituted (upgraded). 

Oxygen consuming substances

31.
Pretreatment should only be carried out as far as necessary taking into account textile quality requirements and processes downstream.

Treatment

General

32.
Water volumes should be limited at the source in order to allow efficient treatment.

.
 

33.
Segregation of pollutants by concentration techniques such as (ultra-) filtration should be considered. Treatment by advanced aerobic + anaerobic treatment, adsorption, flocculation are some of the possibilities. The treatment efficiency should be such that at least 90% of the raw influent (micropollutant) content is removed.  If micropollutants are present, the effluent of washing compartments - kept separate - should receive a treatment with the aim of eliminating the micropollutants (see paragraph 20).

Surfactants

34.
Important potential discharges of surfactants that are not readily biodegradable (OECD-test 301) should be treated separately or transformed into non-hazardous biodegradable substances. Techniques using radical oxidation can already be considered.

Solvents

35.
If the organohalogen content in waste is higher than 0,1%, it should be handled separately from other waste materials and treated as hazardous waste. Liquid waste streams containing more than 3 mg/l of halogenated solvents should be handled by substitution of the solvent or should receive additional treatment with more than 90% efficiency.

Alkalis

36.
When acidification is required, CO2 should be used. To this end, the following techniques are available:


a.
auto-neutralisation in oxidative waste water treatment (CO2 generated from degradation of organic material);


b.
flue gas neutralisation;


c.
neutralisation with liquid CO2 (a by-product of the chemical industry).

37.
Mineral acids (sulphuric acid, hydrochloric acid) should only be used for neutralisation when no better options are available.

Oxygen consuming substances

38.
If harmful concentrations of micropollutants are absent, at least secondary treatment of the effluents should be executed, either at the plant or off-site. 

2.2. 
Mercerising

The highest amount of NaOH is used in mercerisation of cotton for luster and better dyeability. The effluent pH from mercerising or lyeing is nearly 14. NaOH is furthermore becoming more expensive (amongst other factors, due to the environmental measures taken in the chlor-alkali industry).
In Plant Measures

39.
Diluted alkali from mercerising should be reused in scouring, bleaching or dyeing operations.

40.
Alkali should be recovered and recycled or reused after regenerative treatment to remove dirt (coagulation, flotation, microfiltration, nanofiltration) and after concentration of NaOH (electrochemical membrane cell technology or distillation).

41.
Processes should be optimised so that the discharges from alkaline treatment (mercerising) can be minimised.

Treatment

42.
The non-recoverable fraction of the mercerising waste water should be neutralised by mixing with acid effluents or by CO2 as acid. (Further actions: see above paragraphs 36 and 37).

2.3.
Carbonisation

Carbonisation removes burrs and other vegetable matter from loose wool or woven fabric goods.

In Plant Measures

43.
The preferred option is to work in a medium without chlorinated solvents.

44.
The use of PER is allowed only when complete recycling of PER is practised. This is possible by treating wool with PER followed by rinsing with sulphuric acid and recovery of PER in a closed system.

45.
Foreign materials are preferrably removed by mechanical means.

Treatment

46.
Acids should be neutralised with alkaline waste water streams  or alkali. Concentrated sulphuric acid should be neutralised and precipitated with CaCl2 and Ca(OH)2 or waste alkali.

2.4. 
Desizing (see also 1. Fibre conditioning in spinning and weaving mills)
Prevention

47.
Non-integrated and commission improvement companies should seek agreement on the choice of sizes used within the weaving mill(s). Degradable, recoverable, water soluble (for staple fibres), universally applicable, efficient sizes should be promoted.

In Plant Measures

48.
Desizing should preferably be done with water without chemical modification of the size.

49.
Efficient washing processes and equipment should be used to conserve water, energy and make recovery of the size (PAC, PVA/CMC, PES) feasible. Efficient washing processes use pre-washing with low volumes of water to obtain a concentrate which is partially recyclable in the weaving section. Sizes with a low viscosity (PVA, CMC) can be recovered to about 50% by using high pressure or vacuum technology in a pre-wash stage. It can be reused after sterilisation (>80 SYMBOL 176 \f "Symbol"C). Recovery of up to 90% is possible by partial recycling of the prewash and additional ultrafiltration of diluted wash water (size concentration >1%). The reuse of recovered sizes should be promoted.

50.
If recovery is not possible and degradation of the size is required, an integrated chemical pretreatment (scouring, desizing, bleaching all in one) is preferred; this will reduce the consumption of water and energy and minimize pollution.

51.
Acids should be replaced to render the vegetable or animal size water soluble (hydrolysis) by enzymatic and/or oxidative desizing which is more universally applicable: PVA, CMC, PAC, starch from all sources can be removed.

Treatment

52.
For PVA, PES, PAC and CMC membrane filtration should be carried out, if reuse is possible.

53.
For starch and derivatives, galactomannate and PVA, biological treatment should be carried out (after sludge adaptation).

54.
For small quantities of bioeliminable and absorbable polyacrylates, treatment by adsorption on activated sludge should be carried out. 

55.
For all polyacrylates, chemical coagulation (e.g. by iron) plus an appropriate waste treatment of the produced sludge should be carried out.

56.
For polyesters, precipitation and co-precipitation is advocated for preconcentration.

2.5. 
Bleaching

Prevention

The recognition that some bleaching processes are polluting 'beyond necessity' and the subsequent acceptance by consumers of selected products with a lower standard for whiteness would lower the need for bleaching of some categories of textiles.

57.
Reductive sulphur-containing bleaches should be substituted by peroxide bleaches.

58.
Sodium perborate should be avoided.

59.
Bleaching using hydrogen peroxyde will be prefered to bleaching with chlorine containing compounds.  In any case, the content of  hazardous organohalogen substances in the final effluent should be minimized. H2O2 (hydrogen peroxyde) is therefore to become the major bleaching agent, with an emphasis towards high-efficiency and the use of environmentally friendly stabilisers. As an example, the use of chlorite can still be accepted, provided the necessary waste water treatment is performed, in the following cases :



- for products which have to remain white,



- for articles to be printed,



- for fragile fabrics in order not to reduce their degree of polymerisation,



- for some synthetics (mostly polyamides) which cannot be correctly bleached with H2O2.
60.
When no nutrient elimination stage is present in the waste water treatment, phosphates can be substituted in many cases by non-hazardous stabilisers and pH-control systems.

61.
Wetting agents, emulsifiers, surfactants and all other organic chemicals should be readily biodegradable (OECD-test  301) without producing metabolites which are toxic to aquatic species.
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62.
Textiles that need to be coloured in deep shades should not be bleached excessively.

63.
At least for bluish and bright white qualities (SYMBOL 179 \f "Symbol"76% on Berger-scale) of fabrics, alternatives for chlorine bleach are not always available.  Hazardous organohalogen substances production needs to be reduced or treated adequately.

64.
Precursors (proteins and pectines) should be removed in order to prevent the formation of hazardous organohalogen substances in bleaching with chlorine.

Treatment

65.
At least secondary treatment should be executed, either at the plant or off-site.

66.
H2O2 in effluents from bleaching can be reused in the treatment of the (combined) waste waters as a clean oxidant in the activated sludge process or chemical oxidation processes.

3. 
Colouring of textile materials

3.1. 
Dyeing

Prevention

67.
Dyes found to be containing PCBs (e.g. certain sources of Cu-phtalocyanine) should be substituted immediately.

68.
Cadmium containing pigments should not be used.

69.
Benzidine-based azo-dyes should not be used at all.

70.
Carriers containing chlorine (eg. trichlorobenzene,  chlorinated aromatics) should not be used.

71.
Reduction of dyes by sulfide should be avoided. Dichromate oxidation of vat dyes and sulphur dyes should be substituted by peroxide oxidation.

72.
Azo-dyes which can under reductive conditions release aromatic amines which are suspected carcinogens should not be used. In addition, dyestuffs with an established carcinogenic effect as well as those with an acute toxic effect (LD50 < 200 mg/kg) should be excluded.

73.
The use of sodium-hydrosulphite should be minimised and whenever used it should be stabilised environmentally safe, eg. mechanically or by polymers instead of aldehydes and toxic metal-containing compounds.

74.
Halogenated solvents and dispersants for dyes and chemicals should be substituted where possible by water-based systems. For polyester, bioeliminable dispersants should be used.

75.
Metal containing dyes (Cu, Cr, Ni, Co, etc) should be substituted when the same degree of fastness can be obtained by other dyes and/or techniques.

76.
Urea should be substituted as dye-solvent as much as possible.

77.
When no nutrient elimination stage is present in the waste water treatment, the use of N-/P-based pH-regulators should be avoided when practicable.

78.
To reduce the need for auxiliaries (buffers, levelling agents, retarders, etc), dyeing should be carried out as much as possible with decarbonated water controlled by temperature and pH.  It is  advisable in some cases to substitute EDTA  by NTA.

79.
Efficiency should be optimized by improving the selection of dyes and recipes.
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80.
The use of liquid versions (with minimal amounts of solvents or organic solubilising agents) of dyestuffs or low dusting granules suitable for automated dispensing, particularly for continuous dyeing and printing, is preferred.

81.
In order to minimise the discharges of BOD, COD, etc, as well as of coloured substances, it may be necessary to make a general reevaluation of all continuous and semi-continuous processes in terms of unused pad liquor, its treatment and possible recycling. For dyeing knitted goods the exhaust dyeing is less polluting and the pad-batch option does not represent the best option for waste minimization (all parameters) in cases where a lower fixation is achieved in the pad-batch process and also as the result of the need to ensure that excess pad liquor is available to avoid running out of colour during the padding process.

82.
The pad-trough needs to have a minimal volume (minimal application techniques) and the distance from the feed tank must be very small to reduce the extra make-up of dye liquor.

83.
For batchwise dyeing of polyester or cotton, there are major benefits from moving from a two-batch process to a telescoped procedure where the cotton and polyester are dyed simultaneously.  Such procedures are to be right from the first time to prevent the necessity for shade correction or stripping of the dye.

84.
For batch dyeing, waste minimization can be best achieved by, in order of importance:


a.
pad-batch dyeing;


b.
operating at the lowest liquor ratio possible;


c.
minimising and ideally avoiding the need to strip and re-dye;


d.
avoiding shading additions.

85.
Exhaustion should be controlled by pH-, T-, time steering instead of chemical egalisators and retardants.

86.
Polyester dyeing should be carried out without carriers if possible. High Temperature (HT)-dyeing is to be preferred. If carriers are necessary (polyester/wool blends), non-hazardous, non-halogenated carriers must be used. Hazardous carriers include di-or trichlorobenzene, butylbenzoate, methylcresolate, o-phenylphenol, biphenyl, biphenyloxyde, benzylbenzoate and chlorinated aromatics.

87.
If possible, dyes can be recycled by the standing bath technique, going from light to darker shades.

88.
In the case of repeated dyeing, the rinsing bath should be used as the next dye bath, if the after-treatment chemicals are compatible with the dyebath chemicals.

89.
Stabilised hydro-sulphite should be used to prevent oxidative decomposition of sodium-hydro-sulphite in continuous pad-steam dyeing of cellulosic and cellulosic blend fabrics with vat dyes. In view of the environmental concern about possible harm from the use of aldehyde (formaldehyde or acetaldehyde forming sulfoxylate) stabilisers and toxic metallic salts (Ni-cyanides) or borohydrides for release of the reducing agent, such systems - if used - should be replaced by eg. mechanical methods or high molecular weight polymeric auxiliaries.

90.
In dyeing vat and sulphur dyes, the reduced solubilised dyes are oxidised after dyeing to the insoluble state. Traditionally the oxidant is dichromate, still used to a large extent. 'Chrome' oxidation should be replaced immediately or, if this is not possible, strictly controlled. Two alternatives for chrome replacement are alkaline and acid hydrogen peroxide.

91.
With respect to heavy metals, the use of metal-complex dyes and chrome dyeing of wool poses some problems. Novel application processes such as low-chrome after-chrome dyeing methods may enable the continuation of the use of such dyeing methods.

92.
Dyes should be checked for metal content, and if possible replaced, at least when the following concentrations are exceeded in the effluent from the dyeing stage before treatment :


chromium:
4,0 mg Cr/l and 1,0 kg Cr/day


copper: 
0,5 mg Cu/l and 0,5 kg Cu/day.

93.
Recovered dyes should be reused as much as possible.

Treatment

94.
Waste water generated should receive a dedicated treatment removing the persistent pollutants, which can consist of a combination of treatment steps, eg.:


a.
precipitation with poly-metal salts or flocculation with an organic flocculant (eg., for sulphogroup carrying dyes) and treatment of wastes only if



(i)
dyes are environmentally safe (no dyes based on carcinogenous aromatic amines or other toxic compounds);



(ii)
complexing agents or coagulants are non-toxic for aquatic life; 


b.
adsorption on activated carbon;


c.
membrane filtration for recovery or concentration for further treatment;


d.
activated sludge with simultaneous adsorption and coagulation;


e.
anaerobic treatment and clean oxidation processes.

95.
Reducing mono-sulphides, sulphite, hydro-sulphite can be oxidised by catalysed peroxidation treatment or extended aeration.

3.2. 
Printing/Pigmenting

Prevention

96.
The use of white spirit should be replaced by water-based systems.

97
Biodegradable natural thickening auxiliaries or highly degradable synthetic thickeners should be chosen.

98.
The use of urea in printing with reactive dyes should be reduced by (or in combination with) other techniques (eg. pre-wetting of fabric).
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99.
When feasible, pigmentation is preferred over dyeing because this may reduce dyeing and printing operations saving energy, water and chemicals.

100.
Pastes  can be recovered through optimized paste preparation and supplying systems; they should be recycled and reused.

101.
Printing techniques should be used without premixing of the chemicals to reduce waste from the kitchen and applicator(s).

102.
Printing screens should be replaced by non-contact techniques (e.g. ink-jet printing).

103.
Automation may lead to less pollution.

Treatment

104.
Residues should be handled as waste, or decolourised preferably before additional on-site or off-site treatment.

105.
See also paragraphs 94 and 95.

4. 
Finishing of textile materials

The majority of treatments are applied in the liquid state. Wet finishing involves the application of a wide range of chemicals to extend the function of a textile product through suitable properties.

4.1. 
Finishing techniques other than mothproofing and carpet-backing

Prevention

106.
Reduce the use of formaldehyde releasing products as much as possible.

107.
The use of hazardous chemicals for the conservation of textiles should be minimised, either through substitution or through "tailor-made" selective use to only those textiles which are exposed to possible environmental degradation.

108.
Limitation of the chlorination stage in wool shrinkproofing by substitution of other techniques (eg. peroxygen treatment) should be considered.  Exceptions are the continuous treatment of sliver and treatment of knitted wool garments and socks before piece dyeing.  These exceptions remain valid only until practical non-chlorine-based alternatives become available.
109.
The use of brominated flame retardants and similar compounds should be in accordance with the relevant national regulations and international agreements (e.g. EU, OECD, PARCOM-DIFF).
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110.
Whenever feasible, building in of finishing chemicals into the fibre during production (copolymerisation, extrusion) or during spinning is to be preferred over applying the finish at a later stage.

111.
Application of fireproofing chemicals on fibres or yarns can be adequate (eg. application of Zr-containing chemicals on wool).

112.
Application of fireproofing chemicals should be done preferably by techniques which consume minimal amounts of water (eg. vacuum, back coating, foam) or lead to minimal amounts of residues (e.g. foam).

113.
Finishing chemicals should be reused whenever possible.

Treatment

114.
Concentrated residues from finishing should not be discharged. They should be reused or treated as waste.

4.2. 
Mothproofing

Prevention

115.
Only those textile products should be treated which are at risk from insect attack, e.g. wall-to-wall carpets, military/corporate clothing destined for long-term storage.  Those agents should be selected which have properties that are best suited to product end-use, after considering:

a.
the climatic conditions in the country of use or storage;

b.
durability to repeated cleaning.

116.
Agents selected should allow for efficient waste water treatment.

117.
Non-environmentally hazardous (i.e. with respect to toxicity, bioaccumulation and persistency), mothproofing agents should be developed. Research into alternative mothproofing methods not employing biocides should be stimulated.
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118.
The stage of application of mothproofing agents should be determined by efficiency, minimization of total (possible) emissions to the environment, including subsequent wet stages and, afterwards textile use and waste stages. The total release of insect-resist agents to the environment should be minimised by application from the last wet process in the production sequence. Where alternative application procedures may be available, the most efficient one should be selected, i.e. the application procedure which produces the lowest emission per unit mass of processed textile. The minimum amount of agent should be applied that is consistent with protection and durability, avoiding unnecessary "safe" over-application.  Since physico-chemical conditions during acid dyeing facilitate highly efficient binding between textile and mothproofing agents, the amounts of mothproofing agents used and therefore the amount possibly reaching the environment can be relatively low.


This 'integrated approach' leads to a distinction between:


A.
'non-dyebath' option, where the mothproofing stage is separated from scouring and dyeing, keeping dilution low and facilitating removal of mothproofing agents from the waste water by appropriate treatment;


B.
'dyebath' option, where mothproofing occurs during dyeing, calling for efficient bath exhaustion and treatment, removing both residual dye and mothproofing agent;


In all cases over 95% of mothproofing agent should remain on the textile.  It has been reported that in optimal conditions up to 98% exhaustion has been achieved.

'Non-dyebath' Option


A1
Volumes of mothproofing agent-contaminated water should be reduced by employing e.g. mini-bowls, modified centrifuges or foam treatment during backcoating/laminating of carpets.


A2
In the case of mini-bowls or centrifuges, the mothproofing bath should be recycled to a great extent.


A3
The most concentrated waste water should be treated in a dedicated way, using appropriate adsorption or coagulation procedures.

'Dye-bath' Option


B1
In the case of dye-bath application, discharges should be reduced below 5% of the quantity of mothproofing agents used ('95% exhaustion' or alternatives with similar net results) by:



(i)
recycling of dye-bath;



(ii)
separation of the mothproofing bath, and subsequent re-use of spent bath as dye-bath;



(iii)
optimization of exhaustion by control of parameters as pH and temperature;



(iv)
separate treatment of exhausted bath, e.g. by catalytic oxidation;


B2
Adequate combined treatment (colour and mothproofing agent):



(i)
separate treatment of exhausted bath, e.g. by catalytic oxidation;



(ii)
combined waste water treatment by PACT 3+, including biological degradation, coagulation, adsorption and catalytic oxidation of water and sludge.



119.
Spills should be prevented by 'good housekeeping rules', such as:


a.
storage of drums over trays of sufficient volume;


b.
check procedures for accidental release;


c.
overflow prevention.

Treatment

120.
Waste water should be treated in such a way that excessive sludge is avoided. This sludge should preferably be:


a.
incinerated as chemical waste;


b.
detoxified by wet (catalysed) oxidation.

4.3. 
Backing of carpets

Prevention

121.
Use of zinc as a catalyst should be substituted where possible, eg. by magnesium.

In Plant Measures

122.
Latex compounds should be reused as much as possible.

123.
Cleaning of machinery, recipients et.c with water  giving rise to dilution of chemicals should be replaced by eg. mechanical removal, adsorbers or high pressure rinsing with minimal water consumption.

Treatment

124.
Precipitation (chemical coagulation) using preferably Ca(OH)2, CaCl2, iron, etc, at pH where polymers, sulphur compounds and zinc have a low solubility or membrane techniques eg. microfiltration with ceramic membranes.

125.
Sludges can be dewatered with a filter press, and possibly reused.

5. 
Technological progress for environmental protection

Research and development is under way or proposed in view of a substantial pollution reduction, recycling of water and reuse of resources.  Efforts are made in a concerted action 'clean technology' for a quicker transfer of information on BAT, as this is a very dynamic process driven by requirements of consumers, end users of chemicals and substrates, manufacturers of machinery, providers of chemical and dyes.

Federations and research centres in different European countries participate in programmes co-ordinated by COMITEXTIL and CRIET on the European level to find better solutions for environmental problems taking into account the whole life cycle. 

The following areas show new developments which will have to be taken into account in the future if proven to be successful:

Fibre production stage

SYMBOL 183 \f "Symbol" \s 10 \h
Natural fibres are renewable resources.  Substantial reduction in the use of pesticides and other harmful substances need to be stimulated.  Potential options are (i) controlled and optimised treatment schemes and even better, (ii) the use of natural protecting agents, enzymes, genetic improvements.

Fibre conditioning stages

SYMBOL 183 \f "Symbol" \s 10 \h
For a drastic reduction of the high pollution caused by chemicals applied to the surface of textiles (e.g. spin finish, sizes, surfactants) the following ideas should be considered:


a.
permanent surface conditioning (not removed during the improvement operations such as pretreatment and dyeing) that does not interfere with bleaching, dyeing or high finishing;


b.
recoverable spin finishes that can be separated by mechanical means and concentrated by filtration before recycling or reuse;


c.
universally applicable sizes to improve the potential for recycling in non integrated weaving/improvement companies.

Textile improvement operations

SYMBOL 183 \f "Symbol" \s 10 \h
Reduction of the salt content of wastewater by application of new R & D into


a.
recovery and reuse of alkali, acid, salts.  In particular sulphate and sulphuric acid from carbonizing, viscose production, dyeing (e.g. electrodialysis).


b.
new dyes that exhaust with low amounts of salt and fix in the neutral pH range (e.g. reactive dyes).

SYMBOL 183 \f "Symbol" \s 10 \h
Advanced oxidation processes and in particular radical peroxidation are potential methods to


a.
transfer refractory material in biodegradable material;


b.
de-halogenate to eliminate hazardous organohalogen substances and prevent emissions to air;


c.
make fibre-substrates and dyes reactive (radical dyeing); improving the fastness through additional or stronger covalent bonding;


d.
destroy the unfixed dye in situ, reducing colour and rinsing water;


e.
de-colour water for reuse and recycling;


f.
replace chlorine treatment in stone wash, bleaching of knitwear and linen, shrink-resist proofing of wool;


g.
in general clean destruction of hazardous compounds by activated peroxide, generating hydroxyl radicals and providing opportunities for complete mineralisation.

SYMBOL 183 \f "Symbol" \s 10 \h
Efficient dyes containing chromophores with very high colour strength.

SYMBOL 183 \f "Symbol" \s 10 \h
Foam Finishing Technologies should be reconsidered where air substitutes organic thickening agents responsible for high oxygen demand and nitrogen content.  If this is not a viable option, methods for recycling or reuse should be developed for concentrated printing pastes.

SYMBOL 183 \f "Symbol" \s 10 \h
To prevent pollution from hazardous catalysts and resins and from finishes in general, new technologies of fixation, polymerisation need further attention. General applicable methods for preventing generation of surplus finishes and pastes are a clear possibility, although they may require additional investment.

SYMBOL 183 \f "Symbol" \s 10 \h
New back-coating techniques for carpets are needed with the aim of producing totally recyclable textiles, at least preventing the discharge of zinc and other pollutants.

General options

SYMBOL 183 \f "Symbol" \s 10 \h
The environment needs to be taken into account from "conception to resurrection".  It is proposed to extend the colour matching software and recipe calculation with environmental accountancy and coupling with expert-systems predicting the environmental impact of recipes and alternatives.

The state of the art of BAT and BEP has to be selected, described and transferred to each potential user, using advanced multimedia and open communication technologies.  A project for an expert system as a tool for Best Available Techniques in Textiles Management (dissemination of up-to-date information) has been selected by the CEC in the framework of the EC BRITE-EURAM II programme.

APPENDIX 1 :

 ABBREVIATIONS, DESCRIPTIONS, ANALYTICAL METODS 

 1.
List of abbreviations used

APEO

Alkylphenolethoxylates

BAT


Best Available Techniques

BEP


Best Environmental Practice

BOD


Biological Oxygen Demand

CMC


Carboxymethylcellulose

COD


Chemical Oxygen Demand

DIFFCHEM

Paris Commission Working Group on Diffuse Sources

EDTA

Ethylenediaminetetraacetic acid

EO


Ethoxylates

ETAD

Ecological and Toxicological Association of Dyes and Organic Pigments 




Manufacturers

NTA


Nitrilotriacetic acid

PAC


Polyacrylate

PACT3+

Powdered Activated Carbon with simultateous coagulation, microfiltration and oxydation

PCP


Pentachlorophenol

PE


Polyethylene

PER


Perchloroethylene

PES


Polyester

PVA


Polyvinylacetate

TOC


Total Organic Carbon

TOD


Total Oxygen Demand

TRI


Trichloroethylene

2.
Technical descriptions

sizing/desizing

Slashing (sizing) is the process of sizing warp yarns on a slasher to protect the yarn against injury during weaving. Sizes are not needed for tufting and knitting. Desizing removes the sizing compounds applied to yarns to impart tensile strength. The sizing compounds - CMC, PVA, PES, PAC - are soluble in (hot) water and only rinsing is required to remove them. Starch and derivatives need to be solubilised with acids, enzymes and oxidants by soaking. After solubilising the size, the fabric is rinsed clean.

spin finishing

Spin finishes give the surface a smooth antistatic character to ease the high speed spinning and spooling of yarns. Spin finish may contain lubricants (vegetable, mineral, synthetic oils), antistatic compounds, emulsifiers.

scouring

Scouring of washing removes natural and acquired impurities from fibres and fabric. Scouring agents include detergents, soaps, alkalis, anti-static agents, wetting agents, foamers, defoamers, lubricants.

mercerising

Mercerising is usually used in cotton processing to increase the tensile strength, luster, dye affinity and abrasion resistance of the goods. In this operation, the cotton, usually in fabric form, is impregnated with cold sodium hydroxide solutions of 15-30% volume. The solution causes the cotton fibres to swell. After the desired contact time, the alkali is washed out under stress, sometimes with acid. In lyeing more dilute sodium hydroxide (+/- 5%) is used without stress, giving the cotton better dyeability.

carbonization

Wool carbonization removes burrs and other vegetable matter from loose wool or woven fabric goods. The process consists of acid impregnation, baking and mechanical agitation. A solution of 4‑7% sulphuric acid is used to degrade cellulosic impurities to hydrocellulose without damaging the wool. The excess acid is squeezed from the wool and the wool baked to oxidise the contaminants to gases and a solid carbon residue.

fulling

Wool fulling gives wool cloth a thick, compact feel, finish or appearance. The two common methods are acid (H2O2 + catalyst) and alkali (detergent, carbonate, sequestering agent). Some fulling of yarns is done in dry clean machines with PER, water and detergent.

bleaching

Bleaching is a process used to whiten cotton, wool and some synthetic fibres to remove the natural colouring. It is usually performed after scouring and prior to dyeing and printing. Integrated scouring, bleaching, desizing are possible. Bleaching chemicals include hydrogen peroxide, perborate, chlorine compounds (chlorite, hypochlorite) and optical brighteners. Bleaching is followed by a thorough rinsing.

dyes

Dyes are colouring agents applied from solvent (water, organic, liquid CO2) in mono-molecular solution. Dyes are soluble or solubilised (after reduction). Dyes used by the textile industry are classified according to application, eg. acid dyes, direct dyes, basic dyes, disperse dyes, mordant dyes (chrome dyes), pre-metallised dyes (metal-complex dyes), reactive dyes, sulphur dyes, vat dyes.

pigments

Pigments are (organic or inorganic) colouring agents not soluble in water or solvent. Pigments are mixed in the polymer or bound to the surface.

finishing

wrinkle resistant, crease retentive

Synthetic resins (wrinkle resistance, crease retention or permanent press) are permanently cross-linked (polymerised) with the fibre by curing with heat and a catalyst.

water/oil repellent

Silicones and other synthetic materials (eg. fluor carbon resins) are used to provide water repellency.

flame-retardant

The common synthetic fibre generic types that lend themselves to flame-retardant treatment are viscose, polyamide, polyester, modacryl, polypropylene. There are basically three methods of rendering synthetic fibres (such as polyester) flame-retardant:

a.
copolymerization of the flame retardant into the basic fibre polymer chain

b.
introduction of an additive during polymerisation or extrusion

c.
application of the chemical system(s) as a textile finish.

Natural fibres such as cotton can only be made flame-retardant by a finishing process. Phosphonamides  chemically bonded to the cotton cannot be removed during normal washing procedures. However, their removal by bleaching is possible. Some new formulations are highly wash-fast. Although such products have a low toxicity, formaldehyde released during application is a possibility. Wool is treated by eg. zirconium fluoride during dyeing.

mildew-resistant, bacteriostatic

Hazardous compounds such as mercury, copper, arsenic, chlorinated phenols (eg. PCP) are imported with the raw materials and chemicals or used in the textile industry for inhibiting the growth of mildew, mold, rot and fungus, bacteria on the finished textiles, chemical stocks and machines.

stain-resistant

Soil release finishes usually contain organosilicon compounds, fluoro-compounds or oxazoline derivatives.

moth-resistant

Mothproofing finishes are typically applied to wool and other animal hair fibres to make them unfit as food for moth larvae. Moth resistant treatment is done in many different stages and processes.

shrink-resistant

Chlorination of wool for shrink-resist finishing is a major source of AOX.

3.
Analytical techniques

Analysis of chemicals for insect-proofing

Determination by high-pressure liquid chromatography (HPLC) or packed-column gas-liquid chromatography.

- Sample preparation: Extraction from dye-liquors (100g) by adding sodium sulphate (15g) and dichloromethane (50 ml) and stirring vigorously for 1h. The dichloromethane allowed to separate, and the remaining aqueous phase shaken briefly with more dichloromethane (30 ml). The two extracts combined and evaporated to dryness in a rotary evaporator. The residue is dissolved in iso-octane (5 ml) containing benzophenone (15 mg/l) as internal standard.

- Analysis: The vial is thoroughly shaken and centrifuged to facilitate layer separation. The organic solvent layer (100 µl) is injected in a high-pressure liquid chromatograph (HPLC) equipped with a 5 µm silica column (250 x 4,6 mm) and a variable-wavelength UV spectrophotometer set at 230 nm as detector. The mobile phase is 0,1 % (v/v) isopropanol in iso-octane.

- References: 
IWS Test method N° 27 of September 1987: 'Chemical assay for the determination of insect resist (IR) agent content of textile materials'.




J. Wimbush, JSDC, Vol. 104, Jan. 1988, p. 37-40, Part I




J. Wimbush, JSDC, Vol. 106, July/Aug. 1990, p. 241-244, Part II.

Analysis of organochlorine (OC) and organophosphorous (OP) pesticide residues

- Reference: IWS Report N° RET-614n of 21 June 1991 contains methods for the analysis of these residues in raw wool scouring effluents, grease wools, woolgrease and wool products by gaschromatography and gaschromatography/ mass spectrometry.

APPENDIX 2 :
METAL CONTENT VALUES FOR ASSESSMENT OF DYES (in ppm of the commercial product or preparation)
Element



Concentration

Chromium (Cr)


100 

ppm

Manganese (Mn)


1000

ppm

Iron (Fe)



2500 

ppm

Cobalt (Co)


500 

ppm

Nickel (Ni)



200

ppm

Copper (Cu)


250 

ppm

Zinc (Zn)



1500 

ppm

Arsenic (As)


50 

ppm

Selenium (Se)


20 

ppm

Silver (Ag)



100 

ppm

Cadmium (Cd)


20 

ppm

Tin (Sn)



250 

ppm

Antimony (Sb)


50 

ppm

Barium (Ba)


100 

ppm

Mercury (Hg)


4 

ppm

Lead (Pb)



100

ppm

These limits do not reflect actual levels which are often much lower. 

These limits do not apply to dyes containing a listed metal as an inherent part of it's molecular structure, e.g. metal-complex dyes or double salts of certain cationic dyes.

Source : ETAD, September 1990
* 	Reservation from the UK


� 	Convention for the Protection of the Marine Environment of the North East Atlantic, opened for signature  in Paris, 22 September 1992, especially Annex I on the Prevention and Elimination of Pollution from Land-based Sources and Appendix 1 on the Criteria for the Definition of Practices and Techniques mentioned in paragraph 3(b)(i) of article 2 of the Convention.


� 	Examples of such databases on a European or national level are: the international ETAD-database for dyes, the Belgian CENTEXBEL Eco-database, the Dutch TNO-database, the Swedish database on chemicals in the textile industry.





Oslo and Paris Commissions - OSPAR 1994 Summary Record


