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Disclaimer 

In the event of any inconsistency or conflict between the information contained in this non-
binding guidance document and the Stockholm Convention on Persistent Organic Pollutants 
(POPs), the text of the Convention takes precedence, taking into account that the 
interpretation of the Stockholm Convention remains the prerogative of the Parties. 

The designations employed and the presentations in this guidance document are possible 
options, based on expert judgment, to provide assistance to Parties to develop, revise and 
update national implementation plans or national reports under the Stockholm Convention. 
The Stockholm Convention Secretariat, UNEP or contributory organisations or individuals 
cannot be liable for misuse of the information contained in it. 

While reasonable efforts have been made to ensure that the content of this publication is 
factually correct and properly referenced, the Secretariats of the Basel, Rotterdam and 
Stockholm Conventions, UNEP, FAO or the UN do not accept responsibility for the accuracy 
or completeness of the contents and shall not be liable for any loss or damage that may be 
occasioned, directly or indirectly, through the use of, or reliance on, the contents of this 
publication, including its translation into languages other than English. 

https://chm.pops.int/tabid/9650
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Executive summary 
Ultraviolet absorber UV-328 (CAS No. 25973-55-1) is a phenolic benzotriazole historically incorporated into 
plastics, coatings, automotive and aircraft components, and other materials to protect against ultraviolet 
degradation. Because of its persistence, bioaccumulation, adverse effects and potential for long-range 
environmental transport, it is listed in Annex A to the Stockholm Convention with specific exemptions. 

This guidance supports Parties and operators in applying best available techniques (BAT) and best 
environmental practices (BEP) to the production and use of UV-328 under the applicable specific exemptions. 
It also addresses the identification and segregation of residues, wastes and end-of-life articles where this is 
necessary to prevent releases and to connect operational BAT/BEP with the environmentally sound 
management requirements of Article 6 and the Basel Convention technical guidelines. 

UV-328 may remain in long-lived articles, including motor-vehicle and aircraft parts, industrial coatings, 
medical and optical applications, photographic materials and replacement parts. Releases can therefore arise 
during production and formulation, manufacture and application, maintenance and repair, and the handling 
of residues and articles at end of life. 

Effective BAT and BEP combine the applicable legal baseline with closed or well-controlled processing, 
minimum effective additive loading, capture of dust, vapours, overspray and residues, preventive 
maintenance, spill control, worker protection, inventories and mass-balance records, training, and 
proportionate supply-chain traceability. Substitution and transition planning should proceed in parallel with 
release controls for any continuing exempt use. 

Written supplier declarations and technical documentation can support procurement and traceability, but 
they do not replace regulatory compliance or verification. Where information is incomplete, operators should 
seek clarification, apply risk-based verification or analysis where practicable, and consider alternative 
sourcing. 

Technically feasible alternatives have been identified for several applications, but suitability is use-specific and 
may depend on material compatibility, durability, certification, availability, cost and the hazard profile of the 
substitute. Alternatives should be assessed case by case and preference given to options that demonstrably 
reduce persistence, bioaccumulation and toxicity, while avoiding regrettable substitution. 

The Convention does not establish a general prohibition on recycling every waste or article that contains UV-
328. Applicable management pathways depend on the POP content, the relevant low-POP-content value, 
environmentally sound management requirements, Basel Convention controls and national law. The guidance 
therefore emphasises identification, segregation and prevention of uncontrolled recirculation, while referring 
detailed treatment and disposal questions to the current Basel technical guidelines. 

Implementation constraints include incomplete information for legacy and imported articles, limited validated 
analytical standards for some matrices, complex global supply chains, and qualification or certification 
requirements in specialised applications. These constraints reinforce the need for upstream controls, supplier 
engagement, targeted monitoring and planned transition. 

Overall, the guidance provides a practical and proportionate framework for preventing or minimising human 
exposure and environmental releases during exempt production and use, supporting safer substitution, and 
ensuring that resulting residues and end-of-life materials are directed to appropriate management pathways. 

1.  Introduction 

1.1.  Background 

1. In May 2020, Switzerland submitted a proposal to list UV-328 in Annex A to the Stockholm 
Convention on Persistent Organic Pollutants in accordance with Article 8 of the Convention. The proposal 
was reviewed by the Persistent Organic Pollutants Review Committee (POPRC) at its sixteenth meeting, 
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held in January 2021, where the Committee concluded that UV-328 fulfilled the screening criteria set out 
in Annex D to the Convention. By decision POPRC-16/3, the Committee decided that a risk profile should 
be prepared by an intersessional working group.  

2. At its seventeenth meeting, held in January 2022, the POPRC adopted the risk profile for UV-328 
and concluded that the substance is likely, as a result of its long-range environmental transport, to lead 
to significant adverse human health and/or environmental effects such that global action is warranted. 
The Committee also established an intersessional working group to prepare a risk management 
evaluation, including an analysis of possible control measures in accordance with Annex F to the 
Convention (decision POPRC-17/3).  

3. At its eighteenth meeting, held in September 2022, the POPRC adopted the risk management 
evaluation for UV-328 and, in accordance with paragraph 9 of Article 8 of the Convention, decided to 
recommend that the Conference of the Parties consider listing UV-328 in Annex A with specific 
exemptions (decision POPRC-18/2).  

4. At its eleventh meeting, held in May 2023, the Conference of the Parties, having considered the 
risk profile and the risk management evaluation and taking note of the recommendation of the POPRC, 
adopted decision SC-11/11 to amend Annex A to the Convention to list UV-328 with specific exemptions.  

5. At its twelfth meeting, held in May 2025, the Conference of the Parties adopted decision SC-12/14 
to amend the listing of UV-328 in Annex A by adding a specific exemption for specified aircraft 
applications (UNEP, 2025d). By decision SC-12/15, the Conference of the Parties allowed provisional 
application of the amendment, pending its entry into force, for Parties that notify the Secretariat in 
writing in accordance with Article 4. Parties using the amended exemptions are requested to report 
relevant information annually, including, as feasible, quantities used, specific applications and progress 
towards phase-out; the POPRC is requested to assess that information for consideration by the 
Conference of the Parties (UNEP, 2025e). 

1.2.  Purpose 

6. Article 3, paragraph 6, of the Stockholm Convention requires a Party that has registered for a 
specific exemption or acceptable purpose for a chemical listed in Annex A or Annex B to take appropriate 
measures to ensure that production or use under that exemption or purpose is carried out in a manner 
that prevents or minimises human exposure and releases to the environment, including through the 
application of BAT and BEP. 

7. For this guidance, BAT refers to the most effective and advanced techniques and methods of 
operation that are practically suitable for preventing and, where prevention is not practicable, reducing 
releases and their impacts. BEP refers to the most appropriate combination of environmental control 
measures and strategies. The selection of BAT and BEP should take account of technical and economic 
viability, the scale and circumstances of the activity, and the objective of achieving a high level of 
protection of human health and the environment as a whole. 

8. The purpose of this document is to assist Parties, competent authorities and operators in applying 
BAT and BEP to the production and use of UV-328 under the specific exemptions in Annex A, while 
supporting substitution and the prevention or minimisation of releases across the relevant stages of the 
life-cycle. 

1.3.  Structure and use of the guidance  

9. This document provides technical guidance for competent authorities, producers, formulators, 
article manufacturers, users of exempted products, maintenance and repair organisations, and other 
relevant actors. Waste operators may use the document to identify the operational information and 
segregation measures needed at the interface between exempt production or use and end-of-life 
management. 
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10. The guidance should be applied together with the text of the Convention, relevant decisions of the 
Conference of the Parties, other Stockholm Convention BAT/BEP guidance and the current Basel 
Convention technical guidelines for POP wastes. 

11. The document is organised as follows: 

i. Chapter 1 explains the legal context, the listing and exemptions, the substance characteristics 
and the relationship with the Basel Convention. 

ii. Chapter 2 summarises production, use, occurrence and the principal release points relevant to 
BAT/BEP. 

iii. Chapter 3 reviews chemical and non-chemical alternatives and the evidence and limitations 
relevant to substitution. 

iv. Chapter 4 provides operational BAT and BEP for UV-328 production, manufacture of UV-328-
containing materials and products, and each exempted application. 

v. Chapter 5 sets out cross-cutting chemical-management, traceability, residue-management, 
analysis and monitoring practices. 

vi. Chapter 6 identifies the principal implementation constraints, transition considerations and 
priority evidence gaps. 

12. The chapter map is intended to help users locate the relevant measures; it does not create 
additional legal obligations or displace the detailed conditions of the applicable exemption. 

13. The guidance is non-binding and does not replace the provisions of the Convention. In the event 
of any inconsistency, the text of the Convention and relevant decisions of the Conference of the Parties 
shall prevail. 

1.4.  Substance identity, properties and hazards 

14. UV-328 is a phenolic benzotriazole that is substituted with two tert-pentyl groups at the fourth 
and sixth position of its phenolic moiety. UV-328 absorbs the full spectrum of UV light in a reversible and 
non-destructive process (ECHA, 2014). It is therefore used as a UV absorber to protect various surfaces 
against discolouration and weathering under UV/sunlight. Table 1 shows the various chemical identifiers 
and registration numbers of UV-328. Table 2 shows the molecular characteristics of UV-328, which can 
exist in both open and closed tautomeric forms. 

15. UV-328 is highly hydrophobic, adsorbs and/or absorbs strongly to organic material, and has a low 
tendency to volatilise. When released into water, it will likely partition to particles and organic matter, 
suspended or deposited (ECHA, 2014).  

16. UV-328 is a substance that does not occur naturally in the environment, but has been detected in 
various environmental compartments, biota and humans all over the world. It is considered to be 
persistent and bioaccumulative, with significant adverse human health and/or environmental effects 
(UNEP, 2022a). 

17. For implementation purposes, the key concerns are the persistence, bioaccumulation, potential 
for long-range environmental transport and adverse effects identified in the POPRC risk profile and risk 
management evaluation. Any reference in this guidance to GHS, CLP or another national or regional 
classification should identify the jurisdiction and date and should not be presented as a globally uniform 
classification. 
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Table 1. Names, including a non-exhaustive list of commercial names, and Chemical Abstracts Service (CAS) 
and European Community (EC) numbers of UV-328. 

Common name UV-328 

IUPAC name 2-(2H-Benzotriazol-2-yl)-4,6-bis(2-methylbutan-2-yl)phenol 

CAS name Phenol, 2-(2H-benzotriazol-2-yl)-4,6-bis(1,1-dimethylpropyl)- 

Synonym 2-(2H-Benzotriazol-2-yl)-4,6-di-tert-pentylphenol (BDTP), 

2-(2′-Hydroxy-3′,5′-di-t-amylphenyl) benzotriazole 

Commercial names BLS 1328 (Mayzo), Chiguard 328 (Chitec), Chisorb 328, Cyasorb UV 2337 
(Cytec), Eversorb 74 (Everlight Chemical), GSTAB 328, Hostavin 3310 P 
(Clariant), Kemisorb 74, Lowilite 28 (Addivant), Milestab 328, Seesorb 
704, Songsorb 3280 (Songwon), Sumisorb 350, Thasorb UV328 (Rianlon 
Chemical), Tin 328, Tinuvin 328 (BASF), UV 2337, UV 74, Uvinul 3028 
(BASF), Viosorb 591  

CAS number 25973-55-1 

EC number 247-384-8 

 

Table 2. Molecular characteristics and degree of purity of commercial UV-328. 

Molecular formula C22H29N3O 

Molecular weight 351.5 g/mol 

Substance type Mono-constituent 

Degree of purity ≥ 80–100% by weight 

Structural formulas 
(left: open form; 

right: closed form) 
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1.5.  Listing of UV-328 and specific exemptions 

18. In June 2023, by decision SC-11/11, the Conference of the Parties amended Annex A to list UV-
328. The listing was amended in 2025 by decision SC-12/14 to add specified aircraft applications. Table 3 
summarises the production and use exemptions; the exact text of Annex A and the registers maintained 
by the Secretariat should be consulted for the current legal position. 

Table 3. Exemptions for UV-328 (CAS No 25973-55-1) in the Stockholm Convention listing  

Exemption 
category 

Activity 
permitted 

Scope 
Principal conditions and 

duration 
Legal 

source/status 

Production of 
UV-328 

Production 
Production for registered specific 
exemptions 

Only for Parties entitled 
under Article 4 and the 
Register; subject to Part 
XII 

SC-11/11; 
Article 4; Part 
XII(1) 

Original 
specified uses 

Use 
Motor-vehicle parts; specified 
industrial coatings; blood-tube 

Subject to Article 4, Part 
XII and current Register 

SC-11/11 
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Exemption 
category 

Activity 
permitted 

Scope 
Principal conditions and 

duration 
Legal 

source/status 

separators; TAC film in polarizers; 
photographic paper 

Non-medical 
replacement 
parts 

Production 
and use 

Motor vehicles; specified 
stationary industrial machines; 
specified non-medical LCD 
instruments 

UV-328 must have been 
used originally; until end 
of service life or 2044, 
whichever is earlier 

Part XII(2) 

Medical 
replacement 
parts 

Use 
Specified medical/IVD LCDs and 
specified analytical or inspection 
instruments 

UV-328 must have been 
used originally; until end 
of service life; COP review 
by 2041 

Part XII(3) 

Specified 
aircraft 
applications 

Use only 

Water-seal tape; specified 
polyurethane/polyamide 
adhesives; specified polyurethane 
coatings for listed aircraft systems 

Narrow application 
scope; expires by end of 
2030; provisional 
application subject to 
notification; annual 
reporting arrangements 

SC-12/14 and 
SC-12/15; Part 
XII(4) 

19. Part XII of Annex A establishes the following additional conditions for production and use: 

1.  The production and use of UV-328 shall be eliminated except for Parties that have notified the 
Secretariat of their intention to produce and/or use it in accordance with Article 4.  

2.  Specific exemptions for the production and use of UV-328 for replacement parts for articles shall 
apply where UV-328 was originally used in the manufacture of those articles and may be available, 
limited to the following applications, until the end of the service life of the articles or 2044, whichever 
comes earlier:  

(a)  Motor vehicles (covering all land-based vehicles, such as cars, motorcycles, agricultural and 
construction vehicles and industrial trucks); 

(b)  Stationary industrial machines (such as tower cranes, concrete plants and hydraulic 
crushers) for use in agriculture, forestry and construction; 

(c)  Liquid crystal displays in instruments for analysis, measurements, control, monitoring, 
testing, production and inspection (such as recorders, infrared radiation thermometers, digital 
storage oscilloscopes and radiographic testing instruments) other than for medical applications. 

3.  Specific exemptions for the use of UV-328 for replacement parts for articles for the following 
applications for medical purposes shall apply where UV-328 was originally used in the manufacture of 
those articles and may be available until the end of the service life of those articles, subject to review 
by the Conference of the Parties no later than 2041: 

(a)  Liquid crystal displays in medical and in-vitro diagnostic devices (such as ultrasound 
diagnostic devices, flexible endoscopes, immunoassay analysers, clinical chemistry analysers and blood 
coagulation analysers); 

(b)  Liquid crystal displays in instruments for analysis, measurements, control, monitoring, 
testing, production and inspection (such as recorders, infrared radiation thermometers, digital storage 
oscilloscopes and radiographic testing instruments). 

4. Regarding the specific exemption for “water-seal tape for insulation blankets and decking on 
aircraft; and polyurethane and polyamide adhesives, and polyurethane coatings, for structural, 
mechanical, interior and electrical assemblies, and emergency, propulsion, environmental control, 
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and flight control systems, on aircraft”, it is limited to use only. This exemption shall in any case 
expire by the end of 2030. 

1.6.  Relationship with the Basel Convention and management of UV-328-containing 
wastes 

20. Article 6 of the Stockholm Convention requires Parties to develop appropriate strategies for 
identifying products and articles in use and wastes consisting of, containing or contaminated with listed 
POPs, and to manage POP wastes in a manner protective of human health and the environment. 

21. Wastes with POP content above the applicable low-POP-content level are generally to be disposed 
of so that the POP content is destroyed or irreversibly transformed, unless another environmentally 
sound disposal method is permitted under Article 6. Wastes with POP content below that level are to be 
managed in an environmentally sound manner. The applicable values and methods should be taken from 
the current Basel Convention technical guidelines and applicable national law. 

22. The low-POP-content value does not by itself determine whether a waste is classified as 
hazardous. Hazardous-waste classification and controls on transboundary movement arise from the Basel 
Convention and national or regional law and may apply independently of the low-POP-content value. 

23. The Convention does not establish a categorical prohibition on every recycling operation involving 
material that contains UV-328. Article 6 prohibits disposal operations that may lead to recovery, recycling, 
reclamation, direct reuse or alternative uses of the POP itself. Decisions on material or article recycling 
must therefore take account of the POP content, the applicable technical guidelines, the risk of dispersing 
UV-328 into new products and national legal requirements. 

i. The Basel Convention provides the principal international framework for environmentally 
sound management and transboundary movements of hazardous and other wastes. The 
general technical guidelines on POP wastes and the UV-328-specific technical guidelines 
should be consulted in their most recently adopted form; this guidance does not reproduce 
provisional values or detailed treatment specifications that may change. 

ii. For BAT/BEP implementation, operators should identify and segregate process residues, off-
specification materials, contaminated cleaning media and other relevant waste streams; 
prevent dilution or uncontrolled mixing; retain information needed to assign an appropriate 
management pathway; and use authorised facilities and procedures consistent with national 
law and the Basel Convention. 

iii. Detailed waste-treatment, contaminated-site and remediation guidance lies outside the 
operational scope of this document and should be addressed through the applicable Basel 
Convention technical guidelines and Stockholm Convention guidance on POP-contaminated 
sites. 

2.  Production and use 

2.1.  Background, history, production and regulatory status of UV-328 

24. UV-328 (CAS No. 25973-55-1) is a phenolic benzotriazole ultraviolet (UV) absorber that has been 
used for several decades to protect materials from UV-induced degradation. It belongs to the broader 
class of substituted benzotriazoles, particularly 2-(2′-hydroxyphenyl)benzotriazoles, which were 
identified during the mid-20th century as effective stabilisers due to their strong absorption in the 300–
400 nm region and their ability to dissipate absorbed energy non-radiatively (US EPA, 1977).  

25. By the late 1960s, multiple benzotriazole derivatives, the most common of which are shown in 
Figure 1 below, had reached commercial relevance, forming the basis for subsequent industrial 
development (US EPA, 1977).  
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Figure 1: Common benzotriazole derivatives     Source: (Ling et al., 2025). 
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26. By the mid-1970s, benzotriazoles were already produced at substantial industrial scale. A United 
States Environmental Protection Agency (US EPA) report estimated total U.S. benzotriazole production at 
approximately 56 million pounds per year and noted that approximately 20–30% of this volume was used 
for plastics stabilisation (US EPA, 1977). This indicates that UV stabilisation represented a significant but 
not dominant use of the benzotriazole class, which also included major applications in corrosion inhibition 
and other sectors (US EPA, 1977). UV-328 forms part of this stabilisation segment, although its specific 
share within total benzotriazole production has not been quantified in the available literature. 

27. The early commercialisation of UV-328 occurred within a relatively concentrated industrial 
structure. Ciba-Geigy was a principal innovator and supplier, marketing benzotriazole stabilisers under 
the Tinuvin brand, which was already established by the mid-1970s (US EPA, 1977). Over time, the market 
diversified as patents expired and competing manufacturers introduced equivalent products. Companies 
such as Cytec Industries (later acquired by Solvay) developed alternative branded materials (e.g. Cyasorb 
UV-2337), while European producers including Clariant entered the market with products such as 
Hostavin 3310 P (HSE, 2022; European Commission, 2009). This marked a transition from a technology-
driven innovation phase to a competitive multi-supplier market. 

28. By the 1980s, UV stabilisers had become a recognised category of polymer additives, with 
increasing production and consumption across coatings, plastics, and fibres (US EPA, 1985). UV-328 and 
related benzotriazoles were typically incorporated into formulated stabiliser systems, often in 
combination with other additives such as hindered amine light stabilisers (HALS), phenolic antioxidants, 
and phosphites, reflecting the need to address multiple degradation pathways simultaneously (Wypych, 
2020). In these systems, benzotriazoles function primarily as UV absorbers, while co-additives suppress 
radical-driven oxidation processes. 

29. From the 1990s onward, production and supply of UV-328 became increasingly globalised. 
Manufacturing expanded beyond Europe and North America to include producers in Japan, South Korea, 
Taiwan, and China. Companies such as Sumitomo Chemical, Songwon Industrial, Chitec Technology, 
Everlight Chemical, and Rianlon developed and marketed equivalent products under a variety of trade 
names (HSE 2022). This proliferation reflects both the maturity of the chemistry and the expiry of 
intellectual property protections, which enabled widespread replication. 

30. A major structural change occurred in 2009 when BASF acquired the Ciba business, including the 
Tinuvin product line (European Commission, 2009). By this stage, however, the market had already 
evolved into a global multi-supplier system. Recent regulatory assessments indicate that UV-328 is 
supplied by numerous companies worldwide, with production distributed across regions and many 
jurisdictions relying primarily on imports (ECHA, 2020; UNEP, 2022b). 

31. Historically, UV-328 has been produced and used globally in significant quantities. Information 
compiled through the Stockholm Convention process indicates that global production volumes exceeded 
1,000 tonnes per annum, although comprehensive time-series data are not available (UNEP, 2022a; 
UNEP, 2022b). Production and use patterns have varied over time and regionally, and available data 
should be interpreted as indicative snapshots rather than continuous trends. 

32. In general, supply chains for UV-328 have been characterised by a high degree of international 
trade. Many jurisdictions have reported limited or no domestic manufacture, relying instead on imports 
of the substance either in pure form or within mixtures and articles. Within the European Union, UV-328 
has been registered in the 100–1,000 tonnes per annum band, with registrants indicating that the 
substance placed on the market was entirely imported, predominantly from Asia (ECHA, 2020; ECHA, 
2022a). Manufacture and distribution occur within a complex supply chain in which producers supply UV-
328 (often in masterbatch or additive form) to converters, who incorporate it into polymers and coatings 
for downstream industrial use (ECHA, 2020). 

33. Similar patterns are observed globally. In the United States, aggregate production volumes 
(including imports) have ranged between approximately 450 and 4,500 tonnes per annum across several 
reporting periods from the late 1980s to the mid-2010s, with only limited domestic manufacture 
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identified (US EPA, 2018; US EPA, 2020; ECCC and Health Canada, 2016). In Canada, UV-328 has not been 
manufactured, with imports historically in the range of 100–1,000 tonnes per annum around 2000, 
declining to lower levels (10–100 tonnes per annum) in the early 2010s (ECCC and Health Canada, 2016). 
In other countries, such as Japan, production and use have been reported below 1,000 tonnes per annum 
(UNEP, 2022b).  

34. At a more local scale, use patterns also vary. In Hungary, for example, multiple companies have 
been reported to use UV-328 in relatively small quantities, typically less than 1 tonne per company per 
annum (UNEP, 2021). Overall consumption declined substantially from 2000 onwards, as reported in 
Nordic countries, although some fluctuations have been observed in recent years (UNEP, 2022a). These 
trends reflect both changing industrial demand and the gradual introduction of regulatory controls. 

35. Across all regions, the available evidence indicates that most countries have historically depended 
on imported UV-328 rather than domestic production. The overall market has therefore been 
characterised by a distributed global supply chain, multiple suppliers, and widespread downstream use 
across industrial sectors (ECHA, 2020; UNEP, 2022b). 

36. Since completion of the risk profile and risk management evaluation, the regulatory status of UV-
328 has changed significantly. In June 2023, the Conference of the Parties to the Stockholm Convention 
adopted decision SC-11/11 to list UV-328 in Annex A, with specific exemptions (UNEP, 2023). This listing 
is expected to result in a progressive global phase-out of production and use, subject to those exemptions. 
Time-limited exemptions have been granted for specific applications where substitution remains 
technically or economically challenging, including certain uses in motor vehicles and industrial coatings, 
mechanical separators in blood collection tubes, triacetyl cellulose film in polarisers, photographic paper, 
and defined categories of replacement parts (UNEP, 2023). Subsequent amendments adopted at the 
twelfth meeting of the Conference of the Parties introduced additional exemptions for certain aerospace 
applications (UNEP, 2025d). 

37. In summary, UV-328 is a mature industrial chemical whose development closely mirrors that of 
the benzotriazole class: originating in mid-20th-century innovation, reaching large-scale production by 
the 1970s, and evolving into a globally distributed, multi-supplier commodity. Its historical production 
and use have been characterised by high volumes, extensive international trade, and widespread 
application across multiple industrial sectors. However, its recent listing under the Stockholm Convention 
marks a transition point, and future production and use patterns are expected to diverge significantly 
from those observed historically. 

2.2  UV-328 synthesis and industrial production 

38. UV-328 (CAS No. 25973-55-1) is correctly identified as 2-(2H-benzotriazol-2-yl)-4,6-di-tert-
pentylphenol (IUPAC: 2-(2H-benzotriazol-2-yl)-4,6-bis(2-methylbutan-2-yl)phenol), a member of the 
hydroxyphenyl-benzotriazole class of ultraviolet absorbers (HSE, 2022; ECHA, 2022a). The molecule 
comprises a benzotriazole chromophore linked to a substituted phenolic ring bearing tert-pentyl groups 
at the 4- and 6-positions, which enhance compatibility with hydrophobic polymers and reduce volatility 
(Wypych, 2020). 

39. Detailed industrial manufacturing processes for UV-328 are not comprehensively described in the 
open literature, reflecting the proprietary nature of commercial production. However, the synthesis of 
hydroxyphenyl-benzotriazoles is well established through historical patents and technical literature, 
which provide a reliable basis for understanding the underlying chemistry and likely industrial routes 
(Boyle, 1966; Rody and Rochat, 1977; Wypych, 2020). 

40. In contrast to simplified descriptions based on unsubstituted benzotriazole formation, the 
synthesis of UV-328 proceeds via substituted aromatic intermediates and involves a multi-step sequence 
typical of aromatic fine chemical manufacture. A representative process includes: 
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i. Preparation of substituted phenolic intermediates, typically bearing tert-pentyl (tert-amyl) 
substituents to achieve the required 4,6-disubstitution pattern on the phenolic ring (Rody and 
Rochat, 1977); 

ii. Diazotisation of substituted aromatic amines, forming diazonium intermediates under acidic 
aqueous conditions (Boyle, 1966); 

iii. Azo coupling between the diazonium compound and the substituted phenol to produce o-
nitroazo intermediates (Boyle, 1966); 

iv. Cyclisation to benzotriazole-1-oxide intermediates, forming the heterocyclic core structure; 

v. Reduction of the benzotriazole-1-oxide (for example using hydrazine under alkaline 
conditions) to yield the final 2-(2-hydroxyphenyl)benzotriazole structure corresponding to 
UV-328 (Rody and Rochat, 1977). 

41. These reactions are typically carried out in multi-step batch or semi-batch processes, consistent 
with the manufacture of substituted aromatic stabilisers. 

2.2.1  Solvents and reaction media 

42. Solvent use in UV-328 synthesis reflects the requirements of the different reaction stages and the 
physicochemical properties of the intermediates. Diazotisation reactions are typically conducted in 
acidified aqueous media, using mineral acids such as hydrochloric or sulfuric acid to stabilise diazonium 
intermediates and provide temperature control (Boyle, 1966). 

43. Subsequent steps involving hydrophobic, alkyl-substituted aromatic intermediates may require 
mixed or biphasic systems, combining aqueous and organic phases to facilitate solubility, mixing and heat 
transfer. While specific solvents are not disclosed in the open literature, general practice in aromatic 
synthesis indicates the use of organic solvents or solvent–water mixtures tailored to process 
requirements (Wypych, 2020). 

44. Following reaction completion, aqueous work-up and phase separation are employed to remove 
inorganic salts and residual reagents. Product isolation typically involves solid–liquid separation 
(filtration), washing and drying, with recrystallisation applied where necessary to meet product purity 
specifications (Rody and Rochat, 1977). 

45. Given the lack of publicly available process disclosures, there is no reliable evidence supporting 
the routine use of specific named solvents (e.g. methanol, ethanol, acetone, toluene or dichloromethane) 
in industrial production. Solvent systems are considered proprietary and are likely to vary between 
manufacturers. 

2.2.2  Waste streams and emissions 

46. The production of UV-328 generates waste streams characteristic of multi-step aromatic chemical 
synthesis. These include: 

i. Aqueous effluents containing nitrogen species, acids, salts and residual organic compounds 
arising from diazotisation and work-up stages; 

ii. Residual aromatic intermediates, including substituted phenols, amines and azo compounds; 

iii. By-products from reduction reactions, including nitrogen-containing gases and residual 
reducing agents; 

iv. Solvent residues and mixed aqueous–organic waste streams. 

 

47. These waste streams and effluents require appropriate sound management. (UNEP, 2025a). 
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2.2.3  Hazards associated with production 

48. Hazards associated with UV-328 production arise primarily from the use of reactive and potentially 
hazardous intermediates and reagents, rather than from the final product itself. These include: 

i. Aromatic amines and nitro compounds, which may be toxic and require controlled handling; 

ii. Diazonium intermediates, which are thermally unstable and require careful temperature 
control during processing; 

iii. Reducing agents such as hydrazine, which are highly toxic and present occupational health 
risks; 

iv. Acidic reaction media, which require appropriate corrosion-resistant equipment and 
handling procedures. 

49. In addition, the persistence and environmental stability of UV-328 contribute to concerns 
regarding releases during manufacturing and downstream use, necessitating effective containment and 
emission control measures (UNEP, 2022a). 

50. Overall, the available evidence indicates that the manufacture of UV-328 follows established 
industrial practices for substituted aromatic chemicals, with process configurations optimised by 
individual producers and not publicly disclosed. 

2.3  Uses and occurrence of UV-328 

51. UV-328 is primarily used as a UV absorber (photostabiliser) in industrial applications where 
protection against UV-induced degradation is required. The most well-supported and significant uses are 
in plastics and rubbers, paints and coatings, and adhesives and sealants, particularly in applications 
exposed to sunlight such as automotive finishes, outdoor materials and construction products (HSE, 2022; 
UNEP, 2022a). 

52. Within polymer applications, UV-328 is used in materials including polypropylene, polyethylene, 
polystyrene, polyvinyl chloride, polycarbonate, polymethyl methacrylate, polyurethanes, acrylonitrile 
butadiene styrene, epoxy resins and unsaturated polyesters (HSE, 2022; Wypych, 2020). In coatings, it is 
widely applied in automotive clear coats, industrial coatings and wood coatings, where it improves 
durability and resistance to photodegradation (HSE, 2022). In India UV-328 has been detected in single 
use plastic (Khare et al., 2025). 

53. Additional established uses include printing inks, wood treatments, and applications in leather, 
textiles and certain cosmetic products, where UV stability is required (HSE, 2022; UNEP, 2022a). 
Hydroxyphenyl benzotriazoles, including UV-328, are used as UV stabilisers in textiles and may be 
released during laundering, contributing to environmental emissions (Luongo et al., 2016; Avagyan et al., 
2015; ZDHC, 2015). 

54. UV-328 has also been reported in automotive fluids, including cooling liquids, hydraulic fluids and 
lubricants, where it functions as a stabilising additive (HSE, 2022). 

55. Typical use concentrations are generally in the range of 0.1–3 per cent by weight, depending on 
the application, although higher concentrations, up to approximately 10 per cent, have been reported in 
certain coating systems such as automotive clear coats and marine finishes (ECHA, 2022b; Environment 
and Climate Change Canada and Health Canada, 2016). 

2.4.  Sectoral and regional use patterns 

56. Information from regulatory databases and national reporting systems provides further insight 
into use patterns, although these data represent snapshots of reported uses rather than comprehensive 
global market distributions. 
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57. Data from the United States Environmental Protection Agency ChemView database indicate that 
UV-328 is used predominantly for industrial purposes, with more limited commercial and consumer 
applications (US EPA, 2020; HSE, 2022). 

58. In the Nordic countries, UV-328 has been reported primarily in adhesives and binding agents, 
paints and varnishes and construction materials, with relatively low tonnage (SPIN, 2022; UNEP, 2021). 
National reports from Norway and Sweden similarly identify uses in paints, plastics, sealants and rubber 
materials (UNEP, 2021). 

59. Within the European Union, information from the SCIP database indicates widespread reporting 
of UV-328 in articles, particularly in motor vehicles and their components, as well as in optical and 
electronic equipment and plastics (ECHA, 2022c; UNEP, 2022b). However, SCIP notifications reflect the 
presence of substances in articles rather than quantities or market shares. 

2.5.  Key application sectors and historical uses 

60. UV-328 has historically been used in food contact materials, particularly in non-food-contact layers 
of plastic packaging and in printing inks applied to packaging. Its inclusion in multiple regulatory 
inventories reflects prior acceptance in these applications (HSE, 2022; Environment and Climate Change 
Canada and Health Canada, 2016). 

61. Experimental studies confirm its occurrence in such materials. Chang et al. (2013) detected UV-
328 in three commercial plastic beverage packaging samples at concentrations of 2.01–13.88 mg/kg, 
demonstrating its practical use as an additive in polymer packaging systems. 

62. The automotive sector represents one of the most significant application areas. UV-328 is used in 
(HSE, 2022; UNEP, 2022b): 

i. automotive paints and coatings; 

ii. adhesives and sealants used in vehicle assembly; 

iii. plastic and rubber components exposed to sunlight; 

iv. optical polarising films and display components. 

63. It has also been widely used in replacement parts, particularly large exterior plastic components 
such as bumpers, radiator grilles, spoilers and trim elements. These uses reflect the need for long-term 
UV stability. 

2.6.  Occurrence in materials and products 

64. UV-328 may be introduced during resin or polymer compounding, the formulation of coatings, 
adhesives or sealants, or the manufacture of finished articles. It may therefore occur in virgin polymer or 
resin, primary materials and products, and recyclates used as secondary raw materials, as well as in 
downstream articles. 

65. Measured concentrations in plastics materials vary depending on formulation and product type. 
In addition to packaging materials, lower concentrations have been reported in newly produced plastics 
(0.0027–0.4 µg/g), indicating incorporation at low additive levels (Rani et al., 2017). 

66. UV-328 has also been detected in recyclates, demonstrating that it may persist through recycling 
or reclamation operations, including R3 operations where applicable. The occurrence data are relevant 
to identification and segregation; the permissibility and management of a recycling pathway depend on 
the applicable low-POP-content value, environmentally sound management requirements and national 
and Basel Convention controls (Dutra et al., 2014; Brosché et al., 2021; UNEP 2022b; Zhang et al., 2016). 
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3.  Chemical alternatives and substitutes 

3.1.  General considerations for substitution 

67. Chemical alternatives to UV-328 have been identified across a range of its applications. At a 
general level, the principal alternative classes include other phenolic benzotriazoles, benzophenones, 
hindered amine light stabilisers (HALS), oxalanilides and cyanoacrylates, as well as more recent 
developments such as hydroxyphenyl triazine (HPT) UV absorbers (UNEP 2022b). 

68. In accordance with guidance developed by the Persistent Organic Pollutants Review Committee, 
the identification and evaluation of alternatives to UV-328 should consider technical feasibility, 
availability, accessibility, economic viability, and risks to human health and the environment (UNEP, 2009; 
UNEP 2022b). Alternatives should preferably reduce overall hazard and exposure potential and should 
not themselves meet the screening criteria for persistence, bioaccumulation and toxicity under Annex D 
to the Stockholm Convention (UNEP, 2009). 

69. In practice, substitution of UV-328 is application-specific and may involve: 

i. Replacement with alternative chemical stabilisers; 

ii. Reformulation using combinations of stabilisers; or 

iii. Redesign of materials or products to reduce or eliminate the need for UV stabilisation. 

70. The available evidence indicates that technically feasible alternatives exist for many uses of UV-
328. However, the level of publicly available information varies considerably by application. In particular, 
while substitution pathways are relatively well documented for some sectors, notably industrial and 
automotive coatings, for other specific exemptions under the Stockholm Convention the identity of the 
substitute chemical or formulation is not publicly disclosed. Available information from Annex F 
submissions, regulatory dossiers and industry sources indicates that substitution is feasible in several 
sectors, although performance constraints, confidentiality claims and regulatory uncertainties remain in 
specific applications. 

71. A central consideration is the risk of regrettable substitution. The risk management evaluation for 
UV-328 notes that some alternative substances, particularly other phenolic benzotriazoles, may 
themselves exhibit hazardous properties and therefore may not provide a clear environmental 
improvement if substituted without appropriate assessment (UNEP 2022b). 

3.2.  Classes of chemical alternatives 

72. The UV-328 risk management evaluation provides the baseline account of alternatives used in this 
chapter (UNEP 2022b). The following subsections distinguish information drawn from that evaluation 
from later regulatory, technical or sector-specific evidence; additional evidence should be cited at the 
paragraph or table-row level. 

3.2.1.  Phenolic benzotriazoles 

73. Other phenolic benzotriazoles are the most direct functional substitutes for UV-328, as they share 
similar UV absorption characteristics and compatibility with polymer and coating systems (ECHA 2020). 
In many applications, substitution within this class can be achieved with limited reformulation. Phenolic 
benzotriazoles are technically among the most important UV absorbers and have been widely used in 
plastics and coatings, including in the automotive sector (ECHA 2020; Annex F, UNEP 2021; UNEP 2022b). 

74. Examples include UV-P, UV-234, UV-360, UV-571 and UV-928. However, several of these 
substances are under assessment in the European Union for persistence, bioaccumulation and toxicity 
(PBT/vPvB) or are classified as hazardous to the aquatic environment as detailed in Table 4 below. As a 
result, substitution within this class may represent a regrettable substitution, as many benzotriazoles 
share structural features associated with environmental persistence. 
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Table 4: Status of related phenolic benzotriazoles in the European Union 

Substance / common name CAS No. EC No. SVHC 
basis 

Status 

UV-320 — 2-benzotriazol-2-yl-4,6-di-
tert-butylphenol 

3846-71-7 223-346-6 PBT + 
vPvB 

Candidate List since 17 Dec 2014; also 
Annex XIV authorisation substance  

UV-328 — 2-(2H-benzotriazol-2-yl)-4,6-
ditertpentylphenol 

25973-55-1 247-384-8 PBT + 
vPvB 

Candidate List since 17 Dec 2014; 
Annex XIV; Now controlled as a 
Stockholm Convention POP (with 
exemptions) 

UV-327 — 2,4-di-tert-butyl-6-(5-
chlorobenzotriazol-2-yl)phenol 

3864-99-1 223-383-8 vPvB Candidate List since 17 Dec 2015; also 
Annex XIV 

UV-350 — 2-(2H-benzotriazol-2-yl)-4-
(tert-butyl)-6-(sec-butyl)phenol 

36437-37-3 253-037-1 vPvB Candidate List since 17 Dec 2015; also 
Annex XIV  

UV-326 / Bumetrizole 3896-11-5 223-445-4 vPvB Candidate List since 23 Jan 2024; 
ECHA is considering it for Annex XIV 
authorisation 

UV-329 / Octrizole — 2-(2H-
benzotriazol-2-yl)-4-(1,1,3,3-
tetramethylbutyl)phenol 

3147-75-9 221-573-5 vPvB Candidate List since 23 Jan 2024; 
ECHA is considering it for Annex XIV 
authorisation  

3.2.2. Benzophenones 

75. Benzophenone-based UV absorbers are used in plastics, coatings and some personal care 
products. They offer broad UV absorption but differ in photostability and compatibility from 
benzotriazoles. Some benzophenones have been identified as potential endocrine-disrupting substances 
or as substances of environmental concern. Their use as substitutes therefore requires careful evaluation, 
particularly for applications with high exposure potential (Zheng et al. 2020). 

3.2.3. Hydroxyphenyl triazines (HPTs) 

76. Hydroxyphenyl triazines represent an important class of modern UV absorbers, particularly in 
coatings and high-performance polymers. These substances offer high photostability, strong UV 
absorption in relevant wavelength ranges, and good compatibility with coating systems. They are 
increasingly used in automotive and industrial coatings and appear to represent one of the strongest 
substitution pathways currently documented for UV-328. However, available information on their long-
term environmental behaviour and hazard profiles remains more limited than for legacy stabilisers, and 
further assessment may be required to confirm their suitability as safer alternatives (Schaller et al. 2008). 

3.2.4. Oxalanilides 

77. Oxalanilides, such as UV-312, are an earlier class of UV absorbers used in plastics and coatings. 
They are generally less efficient than benzotriazoles in some applications and have been replaced in many 
uses. Available data suggest lower concern in some cases, but information remains limited. Their 
applicability is therefore use-specific and may be constrained by performance limitations. 

 

 

3.2.5. Cyanoacrylates 

78. Cyanoacrylate-based UV absorbers, such as UV-3035, are used in certain polymer applications, 
including construction materials and electronics. These substances can provide effective UV stabilisation 
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but may also be associated with irritation, systemic toxicity concerns or aquatic toxicity. Their use is 
therefore generally limited to specific applications where such risks can be managed appropriately. 

3.2.6. Hindered amine light stabilisers (HALS) 

79. HALS are widely used stabilisers that act by scavenging free radicals generated during polymer 
degradation. They do not absorb UV radiation and therefore are not direct substitutes for UV absorbers. 
However, in some formulations HALS can partially replace UV absorbers when used in combination with 
other stabilisation strategies, and can reduce the required loading of UV absorbers. Their use as part of 
combined stabilisation systems may therefore support the reduction or elimination of UV-328 in certain 
applications. 

3.3.  Non-chemical and design alternatives 

80. Non-chemical or design alternatives are application-specific. They should be considered where the 
intended function, exposure to ultraviolet radiation, safety requirements and service life permit the use 
of a different material, shielding approach or product architecture. 

81. Potential approaches include selecting an inherently UV-resistant material, using pigments, fillers, 
barriers or protective layers, redesigning the component to reduce UV exposure, or omitting the UV 
additive where the intended use does not require it. The guiding principle is to use the right material and 
stabilisation strategy for the actual exposure and performance requirement. 

3.4.  Use-specific substitution feasibility 

82. The feasibility of substitution varies significantly by application (UNEP 2022b). 

83. For general plastics and polymer articles, substitution is generally feasible using alternative UV 
absorbers, including HPTs, benzophenones or oxalanilides, and/or HALS-based systems, although 
reformulation may be required. 

84. For coatings, particularly automotive and industrial coatings, substitution is feasible in many cases, 
especially through use of HPT UV absorbers and combined UVA/HALS systems. This is the strongest and 
most mature substitution area documented in the public domain. However, high-performance coatings 
may still require extensive qualification and testing. 

85. For automotive parts and replacement components, substitution is ongoing, with phase-out 
efforts under way in some sectors. However, compatibility requirements for replacement parts and the 
diversity of applications mean that substitution may proceed progressively rather than uniformly. 

86. For optical applications, including TAC films and polarisers, substitution is technically more 
difficult because of strict requirements for optical clarity and UV absorption characteristics. Alternatives 
appear to exist, but may require redesign or confidential proprietary reformulations. 

87. For medical applications, such as mechanical separators in blood collection tubes, substitution 
appears feasible and has been demonstrated in at least some cases, but public information on the 
substitute identity is limited due to confidentiality and regulatory constraints. 

88. For photographic and specialised uses, public evidence is more limited. Alternative UV absorber 
classes are available in principle, but there is little clear public documentation of current one-to-one 
substitutes. 

3.5.  Chemical alternatives by specific exemption 

89. The current state of knowledge on alternatives for the main exempted uses of UV-328 is 
summarised in Table 5. 

90. Availability information in this chapter is indicative and geographically limited. REACH registration 
tonnage is an EEA market indicator and is not evidence of global availability, suitability or regulatory 
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acceptability. Producer examples are included only to identify publicly documented substitution 
pathways and do not constitute endorsement. 

Table 5: Chemical alternatives to UV-328 by specific exemption 

Specific 
exemption 

Function of UV-
328 in 

application 

Evidence that 
alternatives 

exist 

Alternative 
chemistries (best-

supported) 

Examples / producers 
(public domain) 

Evidence strength 
and limitations 

Parts of motor 
vehicles 

UV stabilisation 
in coatings, 
plastics, rubbers 
and optical 
components 

Yes HPT UV absorbers; 
UVA/HALS systems; 
alternative 
benzotriazoles 
(transition phase) 

BASF identifies Tinuvin 
400 as a primary 
alternative and Tinuvin 
384-2 and Tinuvin 928 
as additional 
alternatives in coating 
systems; HALS such as 
Tinuvin 123 are used in 
combination 

Strong for coatings; 
weaker for specific 
component-level 
substitutions; 
automotive sector 
undergoing phased 
substitution 

Industrial 
coating 
applications 

UV absorber in 
high-
performance 
coatings 
(automotive, 
industrial, wood) 

Yes HPT UV absorbers; 
HALS + UVA 
systems; some 
alternative 
benzotriazoles 

BASF technical data 
indicate use of Tinuvin 
123 in combination with 
UV absorbers such as 
Tinuvin 400, 384, 928 or 
1130; HPT systems allow 
lower loading due to 
higher efficiency 

Strongest evidence 
base; substitution 
widely 
implemented but 
formulation-specific 

Mechanical 
separators in 
blood 
collection 
tubes 

UV stabilisation 
of elastomeric 
(TPE) separator 
materials 

Yes Chemically similar 
UV absorber; 
benzotriazole-type 
alternatives 
suitable for 
elastomers 

Public authorisation 
dossier identifies a 
validated alternative 
with similar UV 
absorption and 
physicochemical 
properties; identity 
confidential; screened 
candidates include UV-
329, UV-360 and UV-P 

Strong evidence of 
substitution 
pathway; chemical 
identity not publicly 
disclosed 

Triacetyl 
cellulose (TAC) 
film in 
polarisers 

UV absorber in 
protective films 
for polarising 
plates and 
displays 

Yes Other UV 
absorbers; likely 
shift towards HPT 
systems, although 
not publicly 
confirmed for 
specific products 

Industry reports indicate 
new TAC film products 
replacing UV-328 with 
other UV absorbers; 
specific identities not 
disclosed 

Good evidence of 
transition; limited 
public detail on 
exact chemistry 

Photographic 
paper 

UV stabilisation 
of light-sensitive 
materials 

Limited public 
evidence 

Alternative UV 
absorber classes 
available in 
principle, including 
benzotriazoles 

Historical literature 
indicates use of 
alternative UV absorbers 
in photographic systems 

Weakest evidence; 
no clearly identified 
current one-to-one 
substitute in the 
public domain 

Aircraft 
applications 

UV stabilisation 
in aircraft tapes, 
adhesives and 
coatings used in 
structural, 

Yes, for 
identified 
adhesive and 
water-seal-
tape uses; 

UV-328-free 
adhesive and 
water-seal-tape 
formulations; 
coating alternatives 

Stockholm 
communication reports 
qualified UV-328-free 
adhesive and water-
seal-tape alternatives; 

Good evidence for 
adhesive/tape 
substitution; 
weaker for 
coatings; aircraft 
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Specific 
exemption 

Function of UV-
328 in 

application 

Evidence that 
alternatives 

exist 

Alternative 
chemistries (best-

supported) 

Examples / producers 
(public domain) 

Evidence strength 
and limitations 

interior, electrical 
and safety-critical 
systems 

limited public 
evidence for 
coatings 

likely UVA/HALS 
systems, subject to 
certification 

chemical identities not 
publicly disclosed 

certification and 
formulation 
specificity remain 
key limitations 

3.6.  Comparative assessment of alternative classes 

91. In addition to the exemption-specific overview above, Table 6 provides a broader crosswalk linking 
major uses of UV-328 to alternative classes, indicative hazard profiles and implications for BAT/BEP. 

92. For their selection, it is suggested when considering the substitution, to conduct a risk assessment 
tailored to the specific application in which they will be used. 

Table 6: Crosswalk of UV-328 uses, alternative classes, hazard considerations and alignment with BAT/BEP 

Use / application Alternative class Indicative hazard 
profile 

Substitution considerations Overall 
assessment 

Plastics and 
polymer articles 

Phenolic 
benzotriazoles (e.g. 
UV-P, UV-234, UV-
928) 

Persistent; several 
substances under 
PBT/vPvB assessment; 
aquatic toxicity 
concerns 

Direct substitution feasible but 
may perpetuate POP-like beha 

viour; careful substance-
specific assessment required 

Use-specific 
assessment 
required 

Plastics and 
polymer articles 

Hydroxyphenyl 
triazines (HPTs) 

Limited data; generally 
lower persistence 
concerns than 
benzotriazoles but not 
fully characterised 

Suitable for reformulation in 
many polymer systems; 
supports phase-out where 
performance requirements are 
met 

Use-specific 
assessment 
required 

Plastics and 
polymer articles 

Benzophenones Some substances 
associated with 
endocrine activity and 
persistence 

May be used in specific 
applications; requires careful 
hazard assessment and 
regulatory review 

Use-specific 
assessment 
required 

Plastics and 
polymer articles 

Oxalanilides (e.g. UV-
312) 

Limited hazard data; not 
widely identified as PBT 
but data gaps remain 

Applicable in some polymers; 
performance limitations may 
restrict use 

Use-specific 
assessment 
required 

Plastics and 
polymer articles 

HALS (co-stabilisers) Generally not PBT; 
toxicity varies by 
substance 

Not direct substitutes; reduce 
need for UV absorbers when 
used in combination 

Use-specific 
assessment 
required 

Automotive 
coatings 

HPTs + HALS systems Generally favourable 
performance; hazard 
profile less established 
than legacy 
benzotriazoles 

Widely used in modern 
coatings; supports effective 
substitution with minimal 
performance loss 

Use-specific 
assessment 
required 

Automotive 
coatings 

Alternative 
benzotriazoles 

Similar persistence and 
hazard concerns to UV-
328 in several cases 

Technically feasible but may 
not reduce environmental risk 

Use-specific 
assessment 
required 
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Use / application Alternative class Indicative hazard 
profile 

Substitution considerations Overall 
assessment 

Industrial and 
wood coatings 

HPTs + HALS systems Limited long-term 
environmental data; 
generally favourable 
technical profile 

Effective substitution pathway 
in many coating systems; 
requires formulation validation 

Use-specific 
assessment 
required 

Automotive 
plastics and 
rubber parts 

HALS + alternative UV 
absorbers 

Hazard depends on 
combination; generally 
lower persistence risk 
than benzotriazoles 

Enables reduction or 
elimination of UV-328; requires 
component-level validation 

Use-specific 
assessment 
required 

Automotive 
plastics and 
rubber parts 

Alternative 
benzotriazoles 

Persistence and 
bioaccumulation 
concerns remain 

Substitution feasible but may 
not achieve environmental 
benefit 

Use-specific 
assessment 
required 

Optical films 
(e.g. TAC 

polarisers) 

Alternative UV 
absorbers, including 
HPTs 

Limited publicly 
available hazard data 

Substitution feasible but 
constrained by optical 
performance requirements; 
may require redesign 

Use-specific 
assessment 
required 

Mechanical 
separators in 

blood collection 
tubes 

Alternative UV 
absorbers 
(confidential 
substances) 

Hazard profile not 
publicly available 

Substitution demonstrated but 
limited transparency; requires 
regulatory oversight 

Use-specific 
assessment 
required 

Photographic 
paper 

Alternative UV 
absorbers (various 
classes) 

Data limited; hazard 
depends on substance 
selected 

Substitution likely feasible but 
poorly documented; requires 
case-by-case evaluation 

Use-specific 
assessment 
required 

Historical/non-
exempt use: 

textiles 

Alternative UV 
absorbers; HALS 
systems 

Potential for release 
during washing; mobility 
and hazard depend on 
the substance selected 

Substitution feasible; release 
pathways and wastewater 
treatment implications should 
be considered 

Use-specific 
assessment 
required 

Historical/non-
exempt use: 

packaging and 
food-contact 

materials 

Alternative UV 
absorbers; material 
redesign (barriers, 
multilayers) 

Migration and food-
contact safety must be 
considered; some 
substitutes may have 
regulatory constraints 

Substitution feasible but 
requires compliance with food-
contact regulations; design 
solutions may be preferable 

Use-specific 
assessment 
required 

Replacement 
parts and legacy 

applications 

Same-class 
substitutes or 
redesign 

Risk of continued use of 
hazardous chemistries; 
legacy exposure 
concerns 

Substitution limited in the short 
term; longer-term redesign 
required 

Use-specific 
assessment 
required 

Aircraft 
applications 

UV-328-free adhesive 
and tape 
formulations; coating 
alternatives likely 
UVA/HALS systems 

Exact chemistries not 
disclosed; hazard 
depends on 
formulation; avoid 
persistent or 
bioaccumulative 
substitutes 

Substitution demonstrated for 
adhesive/tape; coatings require 
validation 

Use-specific 
assessment 
required 

Source: Adapted from (ECHA 2020, 2022a, 2022b); (HSE 2022); (UNEP 2021, 2022a, 2022b); (BAuA 2022); 
(ECHA 2014); (Wypych 2020), and Annex F submissions. 
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Note: HALS = hindered amine light stabilisers; HPT = hydroxyphenyl triazines; PBT = persistent, 
bioaccumulative and toxic; vPvB = very persistent and very bioaccumulative. The overall-assessment column 
indicates that use-specific evaluation is required and should not be read as an endorsement of a substance 
or supplier. 

3.6.1. Phenolic benzotriazoles as substitutes 

93. Phenolic benzotriazoles are technically important UV absorbers and have been used extensively 
in plastics and coatings, including in the automotive industry (ECHA 2020; UNEP 2021; UNEP 2022b). UV-
328 can in principle be substituted by other benzotriazoles on a use-specific basis where appropriate 
research and qualification are undertaken. However, because several of these substances are under 
PBT/vPvB assessment in the European Union or otherwise raise environmental concerns, such 
substitution should be regarded with caution. 

94. Table 7 summarises the phenolic benzotriazoles identified in the public domain as possible 
substitutes. 

Table 7: Overview of phenolic benzotriazoles identified as possible substitutes for UV-328 

Substance EEA market indicator (REACH) Remarks 

UV-P (CAS No. 
2240-22-4) 

Registered under REACH and reported as 
manufactured in and/or imported into the 
European Economic Area in the ≥1,000 to <10,000 
t/a band 

Under PBT assessment 

UV-234 (CAS 
No. 70321-86-
7) 

Registered under REACH and reported in the 
≥1,000 to <10,000 t/a band 

Under PBT assessment; also identified in 
regulatory management discussions as a 
substance of concern due to possible vPvB 
properties 

UV-360 (CAS 
No. 103597-45-
1) 

Registered under REACH and reported in the ≥100 
t/a band 

Harmonised classification system (GHS) includes 
long-lasting harmful effects to aquatic life 

UV-571 (CAS 
No. 125304-04-
3) 

Not registered under REACH; international 
suppliers identified publicly 

Company notifications indicate aquatic toxicity 
concerns 

UV-928 (CAS 
No. 73936-91-
1) 

Registered under REACH and reported in the 
≥1,000 to <10,000 t/a band 

Under PBT assessment; available evidence may 
also support concern regarding vPvB properties 

Sources: Annex F submmisions, HSE 2022; BAuA, 2022; ECHA 2022a; ECHA 2014. 

95. Note that most of the substances listed in Table 7 are under assessment in the European Union 
with regard to their PBT/vPvB properties, while others show aquatic hazard or other indications of 
concern. 

3.7.  Hazard, performance and economic considerations 

96. A key consideration in the selection of alternatives is the need to balance technical performance, 
economic feasibility and reduced hazard. For UV-328, this is particularly important because: 

i. Structurally similar benzotriazoles may share persistence and bioaccumulation properties; 

ii. Some benzophenones and other alternatives exhibit endocrine or aquatic toxicity concerns;  

iii. Data gaps remain for several emerging alternatives, including some HPT-based systems. 
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97. Substitution decisions should therefore: 

i. consider full hazard profiles, including persistence, bioaccumulation, toxicity and mobility; 

ii. take account of transformation products and degradation pathways; 

iii. apply a life-cycle perspective, including production, use and end-of-life stages;  

iv. quality requirements;  

v. consider qualification, performance and regulatory requirements in the relevant sector. 

98. The selection of alternatives is influenced by performance requirements such as UV absorption 
spectrum, durability and compatibility with materials; testing and qualification requirements, particularly 
in regulated sectors such as automotive, airspace and medical applications; and the availability and cost 
of alternative substances, which may vary by region. In some sectors, substitution may be achievable in 
the short term, whereas in others it may require longer development and validation periods. 

3.8.  Overall assessment 

99. Available evidence indicates that alternatives to UV-328 exist for many applications and that 
substitution is already under way in several sectors. However, no single alternative provides a universal 
replacement across all uses, and performance requirements and regulatory constraints limit substitution 
in certain applications. In addition, several chemical alternatives raise concerns regarding persistence, 
toxicity or data gaps. 

100. Overall, alternatives should be assessed case by case, with priority given to options that 
demonstrably reduce persistence, bioaccumulation and toxicity while meeting the technical and safety 
requirements of the application. This is particularly important where qualification or certification is 
required, including under the time-limited aircraft exemption. 

101. It is therefore important to note that recent regulatory and scientific assessments indicate that 
several alternative phenolic benzotriazoles, including UV-320, UV-327, UV-329 and UV-350, exhibit 
persistence and bioaccumulation characteristics comparable to UV-328 and are subject to increasing 
regulatory scrutiny. This suggests that substitution within this class may represent a transitional rather 
than long-term solution, and reinforces the need to prioritise alternatives that demonstrably reduce 
persistence and bioaccumulation. 

102. In this context, the most effective approach is likely to involve a combination of: 

i. Substitution with safer alternatives where feasible; 

ii. Reformulation and optimisation of stabilisation systems; 

iii. Adoption of non-chemical design solutions; 

iv. Application of BAT and BEP to minimise releases during the transition period. 

103. This integrated approach is consistent with the objectives of the Stockholm Convention to reduce 
and ultimately eliminate releases of persistent organic pollutants while avoiding unintended adverse 
consequences. 

4.  Best Available Techniques (BAT) and Best Environmental Practices 
(BEP) 

4.1.  How to use this chapter 

104. This chapter provides operational BAT and BEP for UV-328 production, manufacture of UV-328-
containing materials and products, and the specific exempted uses listed in Annex A. Users should identify 
the applicable exemption, apply the relevant section together with the cross-cutting measures in Chapter 
5, and distinguish legal obligations from the additional techniques and practices described as BAT or BEP. 
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105. Substitution and transition planning should proceed in parallel with BAT/BEP for any continuing 
exempt use. The availability of an alternative does not remove the need to prevent or minimise releases 
while UV-328 remains in production or use. 

106. The summary Table 8 provides an entry point; the detailed subsections should be used for process 
controls, management practices and application-specific considerations. 

107. Common measures include minimising the quantity used, closed or well-controlled handling and 
processing, capture of emissions and residues, preventive maintenance, good housekeeping, worker 
protection, training, inventories, traceability and periodic review of alternatives. 

108. The Stockholm Convention does not prescribe a UV-328-specific labelling system. As BEP, Parties 
and operators should nevertheless use proportionate identification and traceability measures, which may 
include supplier declarations, batch or formulation records, safety data sheets or technical 
documentation, voluntary marking where useful, and information for repair, recycling and waste 
operators. 

Table 8. Summary of BAT and BEP measures for UV-328 production and specific exempted uses. 

Specific exemption BAT BEP 

Production of UV-
328 

Use closed or highly contained synthesis, 
transfer and finishing operations; implement 
effective off-gas capture and wastewater 
treatment; minimise residual intermediates and 
contaminated process streams; segregate UV-

328 consisting, containing or contaminated 
wastes; use dedicated equipment to prevent 
cross-contamination 

Maintain inventories and mass-balance 
records; implement a chemical-management 
system; train workers in handling and spill 
response; conduct preventive maintenance; 
document residues and management 
pathways; review substitution and phase-out 
opportunities regularly 

Parts of motor 
vehicles 

Use controlled compounding, moulding and 
coating systems; minimise additive loading; use 
dedicated processing lines where possible; 
prioritise redesign of parts using alternative 
stabilisers 

Restrict use to exempted components; 
maintain supply-chain communication and 
traceability; segregate production scrap and 
end-of-life parts; provide guidance for repair, 
sanding and dismantling activities; phase out 
use as alternative materials are introduced 

Industrial coating 
applications 

Use closed or low-emission formulation 
systems; optimise UV-328 concentration; 
maximise transfer efficiency during application; 
control overspray and filter residues; prioritise 
substitution with alternative UV absorber/HALS 
systems 

Implement good housekeeping and solvent 
management; collect and manage paint 
sludges and contaminated materials 
separately; prevent releases during cleaning 
and maintenance; maintain formulation 
traceability; transition to alternative coating 
systems where feasible 

Mechanical 
separators in blood 

collection tubes 

Use closed and controlled compounding and 
moulding systems; ensure precise dosing at 
minimum effective concentration; prevent 
polymer-processing scrap from entering general 
recycling streams; prioritise transition to 
validated alternatives 

Restrict use to exempted medical applications; 
maintain formulation traceability; segregate 
production wastes; prevent uncontrolled 
disposal of reject materials; train personnel in 
safe handling; phase out use once alternatives 
are fully validated 

Triacetyl cellulose 
(TAC) film in 

polarisers 

Use controlled film production and lamination 
systems; minimise off-spec production; 
segregate TAC film waste containing UV-328; 
prioritise use of alternative UV absorbers where 
performance requirements are met 

Restrict use to exempted optical-film 
applications; maintain supply-chain 
traceability; manage solvent and cleaning 
wastes; review and adopt alternative materials 
as they become available 
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Specific exemption BAT BEP 

Photographic 
paper 

Use controlled coating and finishing processes; 
minimise additive loading; segregate off-spec 
coated materials and process residues; prioritise 
substitution where feasible 

Restrict use to exempted applications; 
maintain inventory control; prevent release 
during coating preparation and cleanup;  phase 
out use as alternatives become available 

Replacement parts Apply BAT consistent with original exempted 
uses; limit production to necessary replacement 
parts; use controlled manufacturing systems; 
prevent mixing with non-exempt production; 
prioritise redesign using alternative chemistries 

Maintain strong product stewardship and 
traceability; verify eligibility of replacement 
parts; segregate production scrap and returned 
components; prevent continued widespread 
use through aftermarket channels; phase out in 
line with exemption timelines 

Aircraft 
applications 

Where exempt use remains necessary, use 
controlled dispensing, application and removal 

methods; minimise quantities; capture dust, 
vapours, overspray and residues; and use local 
exhaust ventilation and suitable containment 

during repair or rework. 

Maintain supplier declarations, inventories, 
staff training and written procedures; use 
technical identification or marking where 
useful; treat restriction to the covered aircraft 
applications as the legal baseline; prevent 
cross-contamination; manage stocks before 
exemption expiry; and implement substitution 
and phase-out planning. 

Source: Developed from the UV-328 risk management evaluation, Annex F information and relevant 
Stockholm and Basel Convention guidance (UNEP 2022b; UNEP 2023a; UNEP 2025a). Minimum legal 
obligations, including restriction to registered exempt purposes, are not presented as discretionary BAT or 
BEP. 

4.2.  BAT and BEP for production of UV-328 

109. Production is permitted only for Parties listed in the Register of Specific Exemptions and in 
accordance with Part XII of Annex A. The following measures address the techniques and management 
practices additional to that legal baseline. 

4.2.1. BAT 

110. Use closed or highly contained reaction, transfer, filtration, drying, finishing and packaging systems 
where practicable. Meter raw materials accurately; minimise inventories and hold-up; use local exhaust 
ventilation and suitable off-gas capture at charging, sampling and finishing points; contain and treat 
wastewater and process residues; and design equipment and secondary containment to prevent releases 
during normal operation, cleaning and maintenance. Dedicated or readily cleanable equipment should 
be used where this reduces cross-contamination and residue generation. 

4.2.2. BEP 

111. Implement a chemical-management system covering approved uses, supplier and customer 
information, inventories and mass balance, preventive maintenance, operating limits, leak and spill 
response, worker competence, incident investigation and periodic environmental review. Records should 
identify quantities produced, destinations, exempt applications and resulting residues. Substitution and 
closure planning should be reviewed throughout the exemption period. 

4.3.  BAT and BEP for formulation and manufacture of UV-328-containing materials and 
products 

112. This section applies to compounding, formulation, coating preparation and article manufacture 
that use UV-328 to produce materials or products for an applicable exemption. 
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4.3.1.  BAT 

113. Use enclosed or controlled weighing, dosing, transfer, mixing, compounding, moulding and coating 
systems; use pre-dispersed forms where this reduces dust and handling loss; optimise formulations to 
the minimum effective loading; capture particulate, vapour and overspray emissions; minimise start-up, 
changeover and off-specification material; and segregate process residues and contaminated cleaning 
media. Equipment should be dedicated or validated as clean where cross-contamination could lead to 
non-compliant products. 

4.3.2.  BEP 

114. Maintain approved formulations, batch records and inventory reconciliation; obtain and archive 
supplier information on intentional UV-328 content and concentration; communicate relevant content 
and disposal information through safety data sheets or technical documentation where applicable; train 
staff; maintain equipment and spill procedures; and evaluate validated alternatives and design changes 
on a planned basis. Where supplier information is incomplete, seek clarification, apply risk-based 
verification or analysis, and consider alternative sourcing. 

4.4.  BAT and BEP for the use of UV-328 in parts of motor vehicles 

115. UV-328 is widely used as a UV absorber in automotive applications due to its ability to absorb 
across a broad ultraviolet spectrum and thereby prevent photodegradation of materials (UNEP 2022a; 
Wypych 2020). It is incorporated into coatings, plastics, rubbers, adhesives and sealants used in both 
exterior and interior vehicle components, including bumper systems, radiator grilles, spoilers, trim 
elements and roof modules. Typical use concentrations range from approximately 0.1–1% by weight in 
plastics and resins, and from 1–3% by weight (based on solids) in coatings, with higher concentrations 
reported in specialised formulations (ECCC and Health Canada, 2016; JAPIA, 2021; UNEP 2022b). 

4.4.1.  BAT 

116. Best available techniques for this use focus on ensuring a high level of process control, 
minimisation of additive use, and containment of emissions throughout production and processing (UNEP 
2022b; ECHA 2020). In practice, this includes the use of closed or highly controlled compounding, 
extrusion and coating systems to prevent losses during incorporation of UV-328 into polymers and 
coating formulations. Precise dosing and formulation optimisation are applied to ensure that only the 
minimum effective concentration is used while maintaining required performance (Wypych 2020). The 
use of pre-dispersed masterbatches, as commonly applied in polymer processing, can improve 
incorporation efficiency and reduce handling losses (Wypych 2020). Where feasible, dedicated 
production lines or segregated processing systems may be used to avoid cross-contamination between 
exempt and non-exempt materials. Measures are also implemented to control dust, vapour and 
particulate emissions arising from sanding, machining and coating operations. Production scrap, 
overspray and trimming wastes containing UV-328 are captured and managed in a controlled manner to 
prevent environmental release and unintended entry into recycling streams (UNEP 2023a; UNEP 2025a). 

4.4.2. BEP 

117. Best environmental practices for this use emphasise restriction, traceability and life-cycle 
management. The use of UV-328 should be strictly limited to exempted vehicle components, with 
traceability maintained through supply chains and product documentation systems (UNEP 2022b; OECD, 
2001). Production scrap and end-of-life vehicle components containing UV-328 should be segregated to 
prevent uncontrolled entry into recycling systems (UNEP 2023a; UNEP 2025a). Worker training 
programmes should be implemented to address the safe handling, machining and repair of UV-328-
containing materials. Product stewardship measures are also important, including communication with 
downstream users, repair operators and dismantlers. Progressive substitution with alternative stabilisers 
should be pursued as vehicle platforms are redesigned and validated alternatives become available (UNEP 
2022b; UNEP, 2021). 
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4.5.  BAT and BEP for industrial coating applications 

118. Industrial coatings are applied across a wide range of sectors, including automotive, engineering 
machinery, rail transport and large steel structures, where they provide protection against corrosion, 
weathering and ultraviolet degradation. In these applications, UV-328 is used as a UV absorber, often in 
combination with hindered amine light stabilisers (HALS), to enhance coating durability and service life 
(UNEP 2022b; ECHA 2020). 

4.5.1. BAT 

119. Best available techniques for industrial coating applications focus on reducing emissions during 
formulation, application and curing (UNEP 2022b; ECHA 2020). This includes the use of closed or low-
emission systems for coating preparation and mixing, as well as preparation of UV-328 in pre-dispersed 
or masterbatch form to ensure uniform incorporation and minimise losses (Wypych 2020). Formulations 
should be optimised to achieve the minimum effective loading of UV-328. Application methods should 
prioritise high-efficiency techniques, such as electrostatic spraying or controlled spray systems, to 
minimise overspray. Systems for capturing and treating atmospheric emissions, including filters and gas 
scrubbers, should be used to collect excess spray and airborne particles. Coating residues, sludge, and 
cleaning waste should be effectively controlled and collected, and curing processes, whether thermal, 
ultraviolet, or at ambient temperature, should be managed to ensure coating performance while 
minimizing rework and associated emissions 

4.5.2. BEP 

120. Best environmental practices in this sector include the implementation of good housekeeping and 
solvent management practices, with segregation and appropriate disposal of paint wastes, contaminated 
absorbents and cleaning solvents (UNEP 2023a; UNEP 2025a). Releases during equipment cleaning and 
maintenance should be minimised through controlled procedures. Accurate formulation records and 
inventory control systems should be maintained to support traceability and minimise overuse. Regular 
review and adoption of alternative UV absorber and HALS systems should be undertaken where 
technically feasible (UNEP 2022b; UNEP, 2021). Training of workers in safe handling, application and 
waste management is also essential. 

4.6.  BAT and BEP for mechanical separators in blood collection tubes 

121. In medical applications, UV-328 is incorporated as a UV stabiliser in thermoplastic elastomer (TPE) 
materials used to manufacture mechanical separators in blood collection tubes, typically at 
concentrations below 1% by weight (UNEP 2022b). 

4.6.1. BAT 

122. Best available techniques for this specialised use rely on tightly controlled production processes. 
Closed compounding and injection moulding systems are used to minimise emissions and material losses, 
while precise control of additive concentration ensures consistent formulation and performance. 
Material losses during compounding and moulding should be minimised, and polymer scrap and rejected 
components containing UV-328 should be segregated and managed appropriately (UNEP 2023a; UNEP 
2025a; Becton, Dickinson U.K. Limited 2022). Where feasible, alternative stabilisers should be validated 
and introduced in a controlled manner (UNEP, 2021). 

4.6.2. BEP 

123. Best environmental practices include restricting the use of UV-328 strictly to exempted medical 
applications and maintaining full traceability of formulations and production batches (UNEP 2022b). 
Production wastes and off-spec materials should be segregated and disposed of in a controlled manner. 
Personnel should be trained in handling procedures and quality assurance requirements, and substitution 
programmes should be implemented once validated alternatives become available and regulatory 
approvals are obtained. 



BAT/BEP Guidance relevant to UV-328 listed under the Stockholm Convention on POPs 

32 

 

4.7.  BAT and BEP for triacetyl cellulose (TAC) film in polarisers 

124. UV-328 is used in TAC films to protect optical components in liquid crystal displays from UV 
degradation while maintaining transparency and optical performance (UNEP 2022b; UNEP, 2021). 

4.7.1. BAT 

125. Best available techniques involve controlled film production and lamination processes to ensure 
consistent quality and minimise emissions. Precise dosing and uniform dispersion of UV-328 within film 
layers are critical to achieving the required optical properties. Off-spec production and trimming losses 
should be minimised, and film waste containing UV-328 should be segregated (UNEP 2023a; UNEP 
2025a). Where performance requirements permit, alternative UV absorbers should be integrated into 
formulations (UNEP, 2021). 

4.7.2. BEP 

126. Best environmental practices include restricting use to exempted optical-film applications and 
maintaining traceability of film formulations and supply chains (UNEP 2022b). Measures should be taken 
to prevent contamination of recycling streams with optical-grade polymer waste. Solvent and cleaning 
wastes should be properly managed, and continuous review and alternative materials should be used 
where practicable. 

4.8.  BAT and BEP for photographic paper 

127. UV-328 has historically been used to stabilise light-sensitive materials in photographic paper 
(UNEP 2022b). 

4.8.1. BAT 

128. Best available techniques include the use of controlled coating and finishing systems to ensure 
efficient application and minimise emissions. Additive loading should be reduced to the lowest effective 
level, and off-spec coated materials and trimming waste should be segregated (UNEP 2023a; UNEP 
2025a). Coating formulations and additives should be handled in a controlled manner. 

4.8.2. BEP 

129. Best environmental practices include restricting use to exempted photographic applications and 
maintaining inventory control and traceability (UNEP 2022b). Releases during coating preparation, 
processing and cleaning should be minimised, and photographic waste streams should be segregated 
from general paper recycling systems. Progressive substitution with alternative UV stabilisers should be 
pursued where feasible (UNEP, 2021). 

4.9.  BAT and BEP for replacement parts for stationary industrial machines 

130. UV-328 is used in replacement parts for machinery components exposed to UV radiation, including 
plastics, coatings and rubber elements (UNEP 2022b). 

4.9.1. BAT 

131. Best available techniques focus on controlled formulation and precise incorporation of UV-328 
into materials using efficient processing methods such as extrusion and coating systems (ECHA 2020; 
Wypych 2020). Additive concentrations should be minimised while ensuring uniform distribution. 
Production scrap and rejected materials should be segregated, and cross-contamination with non-exempt 
production should be avoided (UNEP 2023a; UNEP 2025a). 

4.9.2. BEP 

132. Best environmental practices include limiting production strictly to necessary replacement parts 
and maintaining traceability to verify exempted use (UNEP 2022b; OECD, 2001). Waste materials and 
returned components should be segregated, and measures should be implemented to prevent dispersion 
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through recycling systems or secondary markets. A gradual phase-out should be pursued as machinery is 
replaced or redesigned (UNEP, 2021). 

4.10. BAT and BEP for replacement parts for liquid crystal displays 

133. This use relates to replacement components in display systems requiring UV-stabilised materials 
(UNEP 2022b). 

4.10.1. BAT 

134. Best available techniques include controlled production of optical-grade polymer and film 
components, with precise incorporation of UV-328 at minimum effective levels (Wypych 2020). Optical 
material waste streams should be segregated, and alternative UV stabilisers should be integrated where 
validated (UNEP, 2021; UNEP 2023a). 

4.10.2. BEP 

135. Best environmental practices include restricting use to eligible replacement components only and 
maintaining traceability across supply chains (UNEP 2022b). Measures should be implemented to prevent 
contamination of electronics recycling streams, and environmentally sound management of discarded 
display components should be ensured (UNEP 2023a; UNEP 2025a). Transition to UV-328-free materials 
should be supported in new product designs. 

4.11. BAT and BEP for specified use exemptions in aircraft 

136. UV-328 has an additional time-limited exemption for specified aircraft applications. 

4.11.1 BAT for exempt uses of UV-328 in specified aircraft applications 

137. For the specific exemption for aircraft applications, best available techniques should focus on rapid 
substitution, strict containment and prevention of releases during the remaining period of permitted use. 
The exemption should be treated as a narrow transitional measure, not as a basis for continued general 
use. It applies only to UV-328 in water-seal tape for insulation blankets and decking on aircraft, and in 
polyurethane and polyamide adhesives and polyurethane coatings for structural, mechanical, interior and 
electrical assemblies and for emergency, propulsion, environmental control and flight control systems on 
aircraft. The exemption is limited to use only and expires by the end of 2030. 

138. Information submitted in support of the exemption indicated that, for one aircraft original 
equipment manufacturer’s recent production runs, the combined amount of UV-328 in the identified 
adhesive and water-seal-tape uses was approximately 9–30 grams per aircraft, depending on aircraft size 
and whether both applications were present (Secretariat of the Stockholm Convention 2025). This 
indicates low mass per aircraft for that OEM, but it does not remove the need for strict control. All 
remaining uses of UV-328 should be minimised, documented and substituted as soon as technically 
feasible (UNEP 2025d). 

139. The primary BAT measure is substitution with UV-328-free materials wherever certified, approved 
or otherwise technically qualified alternatives are available. Continued use during the exemption period 
should be justified only where an approved alternative is not yet available for the specific aircraft 
material, part, repair or maintenance procedure. Manufacturers, design-authorisation holders, suppliers, 
operators and maintenance, repair and overhaul organisations should identify affected material 
specifications, product codes, part numbers and maintenance procedures, and revise procurement and 
engineering specifications to favour UV-328-free water-seal tapes, adhesives and coatings. 

140. Alternative systems should be assessed for airworthiness, adhesion, durability, weathering 
resistance, fire and smoke performance, substrate compatibility and performance under relevant 
thermal, vibration and operating conditions. Substitutes should also be screened for persistence, 
bioaccumulation, toxicity and other hazardous properties, to avoid replacement with other substances 
of equivalent concern. 
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141. Where temporary use remains necessary, BAT is to minimise quantities and prevent releases 
during storage, mixing, application, curing, rework and removal. Operators should use pre-qualified kits, 
pre-formed tapes, metered dispensing, closed or semi-closed application systems and high-transfer-
efficiency coating methods where feasible. Mixing, coating, bonding and curing should take place in 
controlled work areas with local exhaust ventilation, overspray capture, containment of residues and 
procedures preventing releases to drains, wastewater, soil, surface water or general waste. 

142. Repair, removal or reworking of cured UV-328-containing materials should avoid uncontrolled dry 
sanding, grinding, cutting, scraping or blasting. Where mechanical removal is unavoidable, the emissions 
generated should be captured and particulate matter controlled using a HEPA filter or other equally 
efficient method; methods that generate sludge or liquid effluents should be avoided. Dust, fragments, 
used abrasives, cleaning cloths, filters, removed tapes, cured residues, and rejected parts should be 
segregated, labeled, and managed as potentially UV-328 contaminated waste 

4.11.2 BEP for exempt uses of UV-328 in specified aircraft applications 

143. Best environmental practices for the aircraft exemption should focus on documentation, supply-
chain communication, training, inventory management and time-bound phase-out. Organisations using 
UV-328 under the exemption should adopt written procedures confirming that use is limited to the 
aircraft applications expressly covered by the exemption. Continued use should be justified by reference 
to the lack of a technically approved alternative for the specific aircraft material, part or maintenance 
function concerned. 

144. Procurement systems should require supplier declarations identifying whether UV-328 is present 
in water-seal tapes, adhesives, coatings, kits, replacement parts or consumables. Where available, 
declarations should include the product name, batch number, concentration or concentration range, 
safety data sheet, affected aircraft or component specification and approved use. Operators and 
maintenance organisations should maintain inventories of UV-328-containing products and affected 
parts, including maintenance and replacement stocks. Stocks should be labelled, stored in sealed 
compatible containers, protected from damage and unnecessary ageing, and managed to avoid surplus 
material that cannot be lawfully used before the exemption expires. 

145. Personnel involved in procurement, storage, maintenance, repair, coating, bonding, removal, 
waste handling and aircraft dismantling should be trained to recognise UV-328-containing products and 
apply the relevant controls. Training should cover the limited scope of the exemption, minimum-use 
practices, spill prevention, immediate waste segregation and avoidance of cross-contamination of tools, 
surfaces and waste streams. Written maintenance instructions should specify containment, cleaning and 
waste-management measures for relevant tasks. 

146. Housekeeping and spill-prevention measures should be applied throughout maintenance and 
repair operations. Residues should be removed promptly, and contaminated wipes, absorbents, masking 
materials, packaging, containers and personal protective equipment should be segregated at the point of 
generation. Empty containers, unused mixed adhesive, coating residues, removed tape, contaminated 
dusts and obsolete parts should not be placed in ordinary municipal, commercial or recycling waste unless 
characterised and shown not to require POPs-waste controls. 

147. End-of-life aircraft and component management should recognise that UV-328 may be present in 
historical tapes, adhesives and coatings even where formulation records are incomplete. Operators, 
dismantlers and waste managers should use maintenance records, supplier declarations, material 
databases and, where necessary, targeted analysis to identify affected components. Suspected or known 
UV-328-containing materials should be segregated before shredding, recycling or disposal to prevent 
dispersion into mixed metal, plastic, textile, insulation or composite waste streams. 

148. Parties and aviation-sector actors should establish phase-out plans with milestones for identifying 
affected materials, qualifying and adopting alternatives, revising procurement specifications, training 
maintenance organisations, running down stocks and ensuring that no use continues beyond the 
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exemption period. Reported low quantities per aircraft should support inventory and waste planning, but 
should not be used to relax controls. 

5.  Cross-cutting BAT/BEP implementation 

5.1.  General considerations 

149. This section sets out the cross-cutting chemical-management and organisational measures needed 
to support the exemption-specific BAT and BEP in Chapter 4. Generic material is kept concise; application-
specific controls remain in Chapter 4. 

5.1.1. Regulatory alignment and governance 

150. Competent authorities and operators should maintain clear procedures for determining the 
applicable exemption, monitoring its conditions and expiry, recording production and use, and translating 
changes under the Stockholm Convention, the Basel Convention and national law into operating 
requirements. 

5.1.2. Organisational systems and accountability 

151. Effective implementation of BAT and BEP depends on defined organisational structures and 
accountability mechanisms. Responsibilities for environmental performance should be clearly assigned, 
including at senior management level. 

152. Key enabling elements include the integration of BAT/BEP considerations into internal policies and 
operational procedures, allocation of adequate technical and financial resources, and the establishment 
of internal review and audit mechanisms. These elements help ensure that environmental responsibilities 
are embedded in routine management rather than treated as separate compliance tasks. 

153. Where appropriate, implementation may be supported through structured management systems, 
including environmental or energy management systems, as further elaborated in Section 5.2. 

5.1.3. Worker protection and exposure control 

154. Where UV-328 or UV-328-containing materials may be handled, processed, recycled or disposed 
of, workplace exposure should be prevented or minimised using a hierarchy of control.  

155. The Derived No-Effect Level (DNEL) is a risk assessment benchmark developed under the EU/UK 
REACH framework. It represents the level of exposure to a substance below which adverse health effects 
are not expected in humans, based on available toxicological data and applying assessment (safety) 
factors. DNELs are not regulatory exposure limits, but they are widely used to inform risk management 
where formal occupational exposure limits (OELs/WELs) do not exist. 

156. For UV-328, no established workplace exposure limit has been identified. The most relevant 
health-based reference point is a worker inhalation DNEL of approximately 0.7 mg/m³ (long-term 
systemic exposure), alongside a dermal DNEL of 0.3 mg/kg body weight per day. These values are derived 
from repeated-dose toxicity data and are intended to indicate a threshold below which chronic health 
effects are unlikely. 

157. In the absence of established occupational exposure limits for UV-328, competent authorities and 
operators may use available health-based DNELs, substance-specific monitoring data and conservative 
dust benchmarks to establish site-specific occupational control targets.  

158. The available worker DNEL of 0.7 mg/m³ for long-term inhalation exposure should not be 
interpreted as a BAT/BEP target; rather, BAT/BEP should aim for exposure as low as technically 
achievable, supported by personal air monitoring, dermal exposure controls, surface contamination 
monitoring and controls for associated contaminants and degradation products. 
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159. Workplace risk management should follow a control-banding approach, whereby the combination 
of the substance's hazardous properties and the exposure potential of the activity determines the level 
of engineering controls, containment, monitoring and personal protective equipment required: 

i. Closed or enclosed systems for shredding, milling, extrusion, pelletising and thermal 
processing;  

ii. Local exhaust ventilation with HEPA filtration at dust-generating points;  

iii. No dry sweeping or compressed-air cleaning; use wet cleaning or HEPA vacuuming:  

iv. Segregation and pre-screening of legacy plastics and UV-stabilised articles;  

v. Routine personal monitoring for inhalable dust, respirable dust, UV-328 and selected co-
contaminants;  

vi. Dermal controls: gloves, protective clothing, changing areas, laundry controls and 
handwashing;  

vii. Thermal-process controls for VOCs, PAHs and other decomposition products where plastics 
are heated. 

5.1.4. Competence, training and awareness 

160. Personnel involved in activities where UV-328 is handled should have the necessary competence 
to implement BAT and BEP effectively. This includes both technical and operational staff. 

161. Training programmes should ensure that personnel understand applicable regulatory 
requirements and exemption conditions, as well as safe handling, storage and use procedures for UV-328 
and UV-328-containing materials. Training should also address the identification and management of 
such materials, including during maintenance, repair, waste handling and emergency response. 

162. Training should be periodic and updated to reflect changes in regulatory requirements, 
operational processes, waste management procedures or substitution strategies. 

5.1.5. Information management and traceability 

163. Information management and traceability should be proportionate to the activity and should 
support compliance, process control, downstream communication and end-of-life identification. The 
Convention does not require a specific UV-328 label, but Parties and operators may use declarations, 
technical records or voluntary marking where useful. 

164. Producers and suppliers of UV-328 and UV-328-containing mixtures should provide safety data 
sheets and other technical information required by the applicable national system, including information 
relevant to residues, contaminated materials and disposal. For articles, equivalent information should be 
provided through suitable technical or supply-chain documentation where an SDS is not applicable. 

165. Before ordering a substance, mixture, material or article that may contain UV-328, the purchaser 
should request written confirmation of either: (a) no intentional use of UV-328; or (b) intentional use 
under an applicable exemption, identifying the substance and, where feasible, its concentration and 
application. The information should be archived and checked against the relevant legal requirements. 

166. If the information is incomplete or inconsistent, the purchaser should seek clarification, escalate 
verification, undertake analysis where justified and practicable, or use an alternative supplier. Supplier 
declarations are a BEP tool and do not replace regulatory compliance, due diligence or analytical 
verification where thresholds or product specifications must be demonstrated. 

5.1.6. Risk management and precautionary approach 

167. In the absence of complete information on all uses, releases and alternatives, implementation of 
BAT and BEP should follow a precautionary approach consistent with the objectives of the Stockholm 
Convention. 
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168. This includes prioritising measures that prevent releases at source, avoiding practices that may 
lead to uncontrolled dispersion, such as inappropriate recycling pathways, and applying conservative 
assumptions where material composition, exposure pathways or waste classifications are uncertain. 

169. Risk management should consider the full life-cycle of UV-328, including potential transfer to 
waste streams, recycled materials and secondary products. 

5.1.7. Continuous improvement and transition planning 

170. Implementation of BAT and BEP should not be static. Continuous improvement should include 
periodic review of operational performance and environmental outcomes, identification of opportunities 
to reduce use and releases, and integration of technological developments and emerging practices into 
operational procedures. 

171. In parallel, given the time-limited nature of exemptions, operators should develop transition 
strategies to support phase-out of UV-328. These strategies should include research and evaluation of 
alternatives, engagement with suppliers and customers to enable substitution, and forward planning for 
the redesign of products and processes. This should be undertaken in conjunction with the alternatives 
assessment presented in Chapter 3. 

5.1.8. Scope and relationship to other sections 

172. To avoid duplication, this section does not restate the process-level BAT/BEP measures (covered 
in Chapter 4). Instead, it provides the enabling conditions under which those measures can be effectively 
implemented. 

5.2.  Environmental management systems 

173. The implementation of best environmental practices for UV-328 is most effective when embedded 
within a structured environmental management system (EMS). An EMS provides a systematic framework 
through which operators can address environmental aspects associated with the design, construction, 
operation, maintenance and decommissioning of installations using UV-328. It encompasses 
organisational structures, responsibilities, procedures, processes and resources necessary to manage 
environmental risks and to support continuous improvement in environmental performance. 

174. In the context of UV-328, the scope and complexity of the EMS should be proportionate to the 
scale, nature and risk profile of the installation. The system should ensure that all relevant environmental 
aspects—particularly those related to emissions, waste generation and potential exposure—are 
identified, assessed and controlled. Effective implementation requires clear leadership commitment, 
including defined accountability at senior management level for environmental performance and 
compliance with regulatory obligations. 

175. An effective EMS begins with a structured assessment of the organisation’s context, including 
identification of applicable legal and regulatory requirements, evaluation of environmental risks, and 
consideration of relevant stakeholders. On this basis, operators should establish an environmental policy 
that commits to regulatory compliance, prevention of pollution, continuous improvement and, where 
applicable, the progressive phase-out of UV-328. 

176. Implementation of the EMS requires the establishment of clear procedures and operational 
controls. This includes defined roles and responsibilities, allocation of appropriate financial and human 
resources, and development of competence through training and awareness programmes. Operational 
planning should ensure that UV-328 is handled, stored, formulated and applied under controlled 
conditions consistent with BAT, while maintenance programmes should ensure that equipment and 
control systems remain effective in preventing releases. 

177. Monitoring and measurement are integral components of the EMS. Facilities should implement 
programmes to track emissions, waste generation, resource use and progress against environmental 
objectives. These activities should be supported by robust record-keeping systems and periodic internal 
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audits to verify that procedures are correctly implemented. Where non-conformities are identified, 
corrective actions should be taken promptly and their effectiveness systematically evaluated. 

178. Continuous improvement should be achieved through regular review of system performance, 
including evaluation of monitoring data, audit findings and operational experience. This process should 
support the identification of opportunities to reduce releases, improve resource efficiency and facilitate 
substitution of UV-328 where feasible. 

179. Implementation and/or certification, as appropiate of recognised voluntary management systems 
as among others, ISO 9000,14000 series, ISO 59040, EMAS,  or similar systems, can support consistency, 
transparency and credibility. However, non-standardised systems may also be effective where they are 
appropriately designed and implemented to reflect the specific operational context and risks associated 
with UV-328.  

5.3.  Life-cycle and residue management 

180. This section provides integrated guidance on life-cycle and waste management for UV-328, linking 
upstream control measures with end-of-life management. It supports implementation of Article 6 of the 
Stockholm Convention and should be applied in conjunction with the decision framework set out in 
Section 1.6. 

5.3.1.  Life-cycle approach 

181. BAT/BEP of UV-328 should be based on a life-cycle approach, recognising that releases may occur 
at multiple stages, including production and formulation, manufacturing and use, throughout the service 
life of articles, and during Post consumer stage including the waste management. Across all of these 
stages, the application of BAT and BEP should prioritise minimisation of use, including application at the 
minimum effective concentration, the use of closed or controlled systems to prevent releases, the 
segregation of UV-328-containing materials and wastes from other streams, and the progressive 
substitution with safer alternatives where technically and economically feasible. Where appropriate, life-
cycle assessment (LCA) tools may be applied to support decision-making and to evaluate trade-offs across 
different stages of the life-cycle. 

5.3.2.  Upstream measures (design, production and use) 

182. Preventive measures at the design and production stages are critical to reducing downstream 
environmental impacts associated with UV-328. Operators should, wherever feasible, minimise or 
eliminate the use of UV-328 through product design choices and substitution with safer alternatives. 
Where use continues under specific exemptions, incorporation of UV-328 into materials should be carried 
out under controlled conditions to minimise losses and releases. Documentation systems should be 
maintained to record the presence of UV-328 in materials and articles, enabling downstream 
identification and appropriate handling. Relevant information should also be communicated to 
downstream users to support safe use and end-of-life management. During the use phase, additional 
measures should be implemented to minimise releases, including during maintenance, repair, machining 
and other processing activities. 

183. Add: In order to facilitate the identification of POP-containing products and articles, the POPRC 
prepared a 'Report on options for identifying persistent organic pollutants in stockpiles, products and 
articles in use and in wastes'. This report was welcomed by the Parties under Decision SC-12/8 and is 
currently being further developed by the Committee. Reference to this document is recommended to 
foster accurate upstream identification, ensuring sound and informed downstream management 
(UNEP/POPS/COP.12/INF/26. For the latest updated version, please consult www.pops.int since there is 
work ongoing currently).  

http://www.pops.int/
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5.3.5.  Prevention of releases and avoidance of prohibited practices 

184. Measures should be implemented throughout the life-cycle to prevent releases of UV-328 and to 
avoid practices that are not considered environmentally sound. The EU has set an unintentional trace 
contaminant (UTC) limit of (a) 100 mg/kg from 4 August 2025, (b) 10 mg/kg from 4 August 2027, and (c) 
1 mg/kg from 4 August 2029 (European Commission 2025). Handling, storage and transport operations 
should be conducted in a manner that minimises losses and prevents accidental releases. These measures 
are necessary to prevent the redistribution of UV-328 into secondary materials and environmental 
compartments (UNEP 2023b). 

5.3.6.  Documentation and traceability 

185. Traceability systems should be established, as appropriate, to document the presence of UV-328 
in materials and waste streams, record classification and management decisions, and support 
communication across supply chains and with waste operators. Such systems should be proportionate to 
the scale and complexity of operations, but sufficiently robust to enable compliance with regulatory 
requirements and to facilitate effective end-of-life management. 

5.3.7.  Contaminated land and sediments: cross-reference 

186. Contamination of soils and sediments may occur as a result of historical industrial activities, 
disposal practices, atmospheric deposition, wastewater discharges and the accumulation of UV-328 in 
particulate-bound phases. Due to its hydrophobicity, low water solubility and affinity for organic matter, 
UV-328 preferentially partitions to sediments, soils and sludge-amended land, where it may persist and 
accumulate over extended periods (UNEP 2022a; ECHA 2020). 

5.3.8.  Review and continuous improvement 

187. Practices for managing UV-328-containing materials and wastes should be reviewed periodically 
to reflect updates in the legislations and information on available alternatives. 

188. Continuous improvement should focus on reducing releases, improving identification and 
segregation of UV-328-containing materials, strengthening traceability, and supporting progressive 
phase-out through substitution and product redesign. 

5.4.  Alignment with the Basel Convention (implementation guidance) 

189. This section translates the legal framework in Section 1.6 into a limited set of operational actions. 
Operators should identify and segregate relevant residues and waste streams, retain composition and 
origin information, prevent dilution and uncontrolled mixing, and assign management pathways using 
the current Basel Convention technical guidelines and national law. 

190. The applicable low-POP-content value should be taken from the latest adopted guidance or 
national legislation. It does not itself determine hazardous-waste classification. Where transboundary 
movement is proposed, all applicable Basel Convention notification, consent and environmentally sound 
management requirements must be followed. 

191. Detailed descriptions of destruction technologies, transformation products and remediation 
methods are not repeated here because they are addressed and updated through the Basel Convention 
technical-guideline process. 

5.5.  Identification, screening, analysis and monitoring 

192. This section distinguishes between identification and analysis of products and articles, and analysis 
of process and release streams. The purpose is to support BAT/BEP verification, supply-chain due 
diligence and the assignment of appropriate management pathways; it does not reproduce detailed 
laboratory protocols available in specialist monitoring guidance. 
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5.5.1.  Products and articles 

193. Identification of UV-328 in products and articles should begin with supply-chain information, 
formulation or batch records, sector knowledge and the conditions of the applicable exemption. Written 
declarations may be used to establish whether UV-328 was intentionally used and, where feasible, its 
concentration and location in the article. 

194. Screening or targeted analysis should be used where documentary information is absent, 
inconsistent or insufficient for a regulatory threshold, product specification or waste-management 
decision. Sampling plans should account for heterogeneous and layered materials, coatings, adhesives, 
plastics and replacement parts. 

195. Non-detection does not by itself establish that an article is UV-328-free unless the method, 
sampling design and reporting limit are suitable for the decision being made. 

5.5.2.  Process and release streams 

196. Process monitoring should focus on the points where UV-328 can be released or lost: raw-material 
charging and transfer, compounding and finishing, coating formulation and application, cleaning and 
maintenance, wastewater and air-emission controls, and collection of off-specification material and 
residues. 

197. The relevant matrices may include workplace and exhaust air, captured dust, wastewater, sludge, 
coating residues, process solids, cleaning media and waste materials. Both dissolved and particulate 
fractions should be considered where UV-328 can partition strongly to solids. 

198. Monitoring frequency and analytical effort should be risk-based and linked to operating controls, 
material throughput, incidents, changes in formulation and the need to verify the performance of BAT. 

5.5.3.  Analytical methods 

199. Determination of UV-328 in environmental and waste matrices is typically carried out using 
advanced chromatographic techniques, most commonly liquid chromatography coupled with mass 
spectrometry (LC-MS/MS) or gas chromatography coupled with mass spectrometry (GC-MS or GC-
MS/MS). 

200. These methods provide the sensitivity and selectivity required for trace-level analysis in complex 
matrices, including environmental samples and heterogeneous waste materials. 

201. A detailed analytical method is described in the Stockholm Convention guidance on monitoring 
POPs in products and recycling (UNEP, 2026). 

202. Sample preparation is matrix-specific and generally involves a combination of extraction and 
clean-up steps tailored to the properties of UV-328.  

203. For solid matrices, sample preparation commonly includes accelerated solvent extraction, Soxhlet 
extraction or ultrasonication. For aqueous samples, solid-phase extraction (SPE) is commonly applied. 
Microwave-assisted extraction may also be used in selected cases. Clean-up procedures, including silica 
or alumina column chromatography or gel permeation chromatography, are typically required to reduce 
matrix interferences prior to analysis. 

204. Analytical approaches must also take into account matrix-specific considerations. In water 
samples, both dissolved and particulate fractions should be analysed to capture total concentrations. In 
sediments and soils, strong sorption to organic matter necessitates efficient extraction techniques. In 
biota, lipid removal is required to minimise matrix effects, while in air sampling, emphasis should be 
placed on the particulate phase, where UV-328 is predominantly associated. 
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5.5.4.  Analytical challenges and quality assurance 

205. Determination of UV-328 presents several analytical challenges, including its strong sorption to 
particles and organic matter, low water solubility, and the presence of matrix interferences in complex 
environmental and waste samples. In addition, losses may occur during sampling, storage and 
preparation if procedures are not carefully controlled. 

206. Robust quality assurance and quality control are therefore essential. This should include the use 
of isotopically labelled internal standards where available, validation of extraction efficiency and 
recovery, inclusion of blanks and control samples, and careful selection of sampling and storage materials 
to minimise contamination or losses. Detection limits achieved by modern analytical methods are 
generally adequate for environmentally relevant concentrations, although performance may vary 
depending on the matrix and laboratory capability. 

5.5.5.  Monitoring and verification strategies 

207. Monitoring programmes should be designed around the purpose of the decision: process control, 
occupational exposure, environmental release, compliance verification, supply-chain assurance or waste-
pathway assignment. Standardised and validated methods should be used where available, with 
documented sampling, quality assurance, reporting limits and interpretation criteria. 

208. Results should be reviewed as part of the environmental management system and used to 
investigate abnormal releases, improve controls, verify corrective actions and update substitution or 
phase-out plans. Laboratories should participate in suitable proficiency testing where available. 

5.5.6.  Linkages to residue and waste management 

209. Analytical results used for residue or waste-management decisions should be interpreted with the 
applicable low-POP-content value, Basel Convention technical guidelines and national law. The analytical 
method and reporting limit should be capable of supporting the decision; otherwise a precautionary 
management approach may be required. 

5.5.7.  Transformation products 

210. Transformation products may be relevant to environmental monitoring or the evaluation of 
treatment performance, but the evidence base and analytical standards remain limited. Detailed 
discussion of transformations during recycling, thermal treatment or remediation should be developed 
through the Basel Convention technical-guideline process. This guidance does not describe a 
transformation as irreversible unless the criteria relevant to Article 6 are demonstrably met. 

211. Available evidence indicates that some transformation products may retain persistence, 
bioaccumulative properties or biological activity, and may differ in mobility and toxicity compared to the 
parent compound. In particular, oxidation products may exhibit increased polarity and environmental 
mobility, while incomplete degradation may result in compounds with unknown or poorly characterised 
hazard profiles. 

5.6.  Product stewardship and optional producer-responsibility approaches 

212. Product stewardship can support BAT and BEP through concrete voluntary or regulatory practices 
such as maintaining product and formulation information, communicating with downstream users and 
repair networks, supporting substitution, and providing information to recyclers and waste operators. 
These practices should not be confused with legal compliance duties or civil and corporate liability. 

213. Extended producer responsibility (EPR) is an optional national policy instrument rather than an 
obligation created by this guidance or a universal UV-328 control measure. Where an EPR scheme already 
covers relevant product categories, Parties may consider whether UV-328-related information, take-back, 
screening or treatment costs can be integrated into that scheme. 
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214. Any producer-responsibility approach should be designed to avoid incentives that disperse UV-
328 through inappropriate recycling, should recognise the difficulty of identifying additives in complex 
articles, and should remain consistent with the applicable Stockholm and Basel Convention requirements. 

6.  Implementation considerations 
215. This chapter identifies the principal constraints and evidence gaps that affect implementation of 
BAT and BEP for exempt production and use. It should be read with the operational measures in Chapters 
4 and 5 and does not repeat detailed waste-treatment or contaminated-site guidance. 

6.1.  Technical and system limitations 

216. Implementation is constrained principally by incomplete information for imported, downstream 
and legacy articles; the absence of validated analytical standards for some matrices; and application-
specific performance, qualification and certification requirements. 

217. For optical films, medical devices, replacement parts, specialised coatings and aircraft applications, 
substitution may require redesign, testing, certification or regulatory approval. These constraints justify 
planned transition, but not reduced control of releases during continuing exempt use. 

218. Operators that intentionally produce or use UV-328 should know their own material inputs and 
outputs. Information gaps arise more commonly further down the value chain, where article composition, 
supplier declarations or historical records may be incomplete. Targeted analysis and conservative 
assumptions may therefore be needed for verification and end-of-life decisions. 

219. These limitations reinforce the priority of upstream controls, accurate records, supplier 
engagement, minimum use and early qualification of alternatives. 

6.2.  Infrastructure and capacity constraints 

220. Capacity constraints directly relevant to BAT/BEP include access to competent staff, closed or 
controlled processing equipment, emission-control and spill-response systems, reliable supplier 
information, laboratories capable of suitable analysis, and authorised arrangements for residues 
generated by exempt activities. 

221. Parties may need sector guidance, training and cooperation between authorities and industry to 
identify the principal users and exempt applications, improve reporting and establish practicable 
verification and residue-management arrangements. 

222. Where specialised analysis or residue treatment is unavailable domestically, regional cooperation 
or authorised transboundary arrangements may be necessary, subject to the Basel Convention and 
national law. 

223. Implementation may be phased according to the scale and release potential of activities, but 
essential containment, housekeeping, worker protection and record-keeping should not be deferred. 

6.3.  Regulatory and implementation challenges 

224. Regulatory frameworks should clearly identify the applicable exemption, responsible operators, 
reporting and record requirements, release-control expectations and the timetable for transition. 
National terminology for products, materials, residues and wastes may differ and should be defined 
consistently in implementing guidance. 

225. Where a low-POP-content value remains provisional or is implemented differently in national law, 
operators should apply the value and procedures legally in force and consult the current Basel technical 
guidelines. The low-POP-content value affects Article 6 management obligations but does not itself 
classify a waste as hazardous. 
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226. Authorities should promote supply-chain information exchange, proportionate supplier 
declarations, access to analytical verification and coordination between chemicals, product, 
occupational-safety and waste regulators. 

227. For proposed transboundary movements, classification, notification, consent and environmentally 
sound management requirements should be determined under the Basel Convention and applicable 
national law; they should not be inferred solely from the low-POP-content value. 

228. Regulatory measures should also support substitution planning and timely requalification so that 
operators are prepared for the expiry or withdrawal of an exemption. 

6.4.  Transition and phase-out dynamics 

229. The listing of UV-328 under the Stockholm Convention establishes a trajectory towards global 
phase-out, subject to specific exemptions. The implementation of this transition is influenced by several 
structural factors. Further information on available alternatives is provided in Chapter 3. 

230. Long-lived articles and replacement parts will remain in service after new production and use 
decline. Planning should therefore address information transfer, repair and maintenance, inventories and 
end-of-life identification without treating legacy presence as a justification for new non-exempt use. 

231. Replacement-part exemptions should be implemented narrowly, with evidence that UV-328 was 
originally used, verification of eligibility and active redesign of future parts and systems. 

232. Substitution programmes should incorporate research, testing, certification, customer approval 
and regulatory review into a dated transition plan aligned with the relevant exemption expiry or review 
date. 

233. Alternatives should be assessed for hazard, exposure, performance and life-cycle implications so 
that the transition does not result in regrettable substitution. 

234. Effective phase-out will depend on forward planning, engagement across supply chains and 
alignment between regulatory timelines and industrial development cycles. 

6.5.  Priority data gaps for BAT/BEP implementation   

235. Remaining evidence gaps should be reported by exemption and linked to a decision or transition 
need. 

236. Priority gaps include: qualified and publicly documented alternatives for photographic paper, 
coatings and some specialised or confidential formulations; performance and certification data for 
medical, optical and aircraft applications; and practical substitution timelines for replacement parts. 

237. Additional priorities are validated analytical methods and reference materials for products, articles 
and relevant process streams; information on concentrations and locations within complex articles; and 
reliable supply-chain data for imported and legacy products. 

238. Future updates should distinguish absence of public information from absence of a technically 
feasible alternative and should seek targeted input from the sectors using each exemption. 

239. Until those gaps are resolved, operators should maintain stringent release controls, document the 
basis for continuing exempt use and review alternatives at defined intervals. 
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