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Abstract

The transition towards a circular economy has significantly increased the use of recycled
construction materials, including products intended for interior applications. While the
environmental benefits of material recycling are well recognised, considerably less attention
has been devoted to the potential impact of recycled interior finishing materials on indoor
air quality through volatile organic compound (VOC) emissions. The objective of this
study is to critically review current scientific knowledge, European regulatory frameworks,
testing methodologies, and national approaches governing VOC emissions from recycled
interior finishing materials, while identifying existing regulatory gaps and proposing direc-
tions for future improvement. The study was conducted as a structured literature review
and comparative analysis of peer-reviewed scientific literature, European Union legislation,
harmonised standards, technical guidance documents, and national VOC emission control
systems implemented in selected European countries. Particular attention was given to the
Construction Products Regulation (CPR), EN 16516, the ISO 16000 series, EU-LCI values,
and national emission classification schemes used in Germany, France, Belgium, Finland,
and Latvia. The review demonstrates that Europe has established a comprehensive techni-
cal framework for evaluating VOC emissions from construction products. However, current
regulatory approaches primarily assess the emission performance of finished products and
generally do not explicitly address uncertainties associated with recycled raw materials,
including feedstock variability, material traceability, contamination history, manufacturing
consistency, and long-term emission behaviour. Furthermore, substantial differences remain
between Member States regarding emission classification, product labelling, market surveil-
lance, and practical implementation of VOC control measures. To address these identified
gaps, this paper proposes an integrated conceptual framework for VOC risk management
in recycled interior finishing materials that combines material traceability, manufacturing
quality assurance, emission testing, health-based assessment, regulatory compliance, and
market surveillance within a unified decision-making approach. The proposed framework
complements existing European legislation by addressing challenges associated with the
increasing use of recycled construction materials while supporting both circular economy
objectives and the protection of indoor environmental quality. The findings indicate that
the principal challenge is not the absence of VOC emission assessment methodologies
but the need to adapt existing regulatory approaches to the growing use of recycled con-
struction materials. Strengthening traceability, quality assurance, harmonised emission
classification, and market surveillance may improve confidence in recycled construction
products while ensuring a high level of chemical safety and human health protection across
the European Union.
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1. Introduction
The transition towards a circular economy has become one of the principal policy

objectives of the European Union, aiming to reduce resource consumption, construction
and demolition waste, greenhouse gas emissions, and the environmental impacts associated
with the extraction of virgin raw materials [1]. Consequently, increasing attention has been
devoted to the reuse and recycling of construction materials, particularly those intended
for interior applications, where material recovery is considered an essential strategy for
improving resource efficiency and reducing the environmental footprint of the construction
sector [2].

Cancer remains one of the leading public health challenges in Europe. According
to the latest estimates of the International Agency for Research on Cancer (IARC) [3],
approximately one in five people will develop cancer during their lifetime, while cancer
continues to account for millions of new cases every year across Europe. Although cancer is
a multifactorial disease, reducing exposure to avoidable environmental carcinogens repre-
sents an important component of modern prevention strategies. Consequently, controlling
indoor exposure to hazardous chemicals, including selected volatile organic compounds
emitted from construction products, has become an increasingly important objective in
public health and environmental policy.

At the same time, people in Europe spend approximately 90% of their time indoors,
making indoor environmental quality an important determinant of human health and
well-being [4]. Among the factors affecting indoor environmental quality, volatile organic
compounds (VOCs) emitted from interior finishing materials have received considerable
scientific attention because prolonged exposure to certain VOCs may contribute to respira-
tory diseases, sensory irritation, reduced comfort, and, in some cases, increased cancer risk
depending on the specific compounds and exposure conditions [5–8].

Most European regulations and certification schemes addressing construction prod-
ucts have historically focused either on environmental sustainability or on product per-
formance. Meanwhile, VOC assessment has primarily concentrated on emissions from
newly manufactured materials through standardised laboratory testing and voluntary
emission classification schemes. Although VOC emissions from recycled building ma-
terials have been investigated in several studies [9,10], the available literature remains
considerably more limited than that addressing conventional construction products,
particularly regarding recycled interior finishing materials and their specific feedstock-
related uncertainties.

This situation creates an important policy challenge. On the one hand, European
policies actively encourage the increased use of recycled construction materials as part
of the circular economy transition. On the other hand, there is limited evidence re-
garding whether the existing regulatory framework, emission testing procedures, cer-
tification systems, and market surveillance mechanisms provide an equivalent level of
control over VOC emissions from recycled interior finishing materials. Furthermore,
regulatory approaches differ considerably among European countries, while compre-
hensive control mechanisms remain absent or only partially implemented in several
Member States.
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These uncertainties are particularly important because indoor occupants are exposed
to emissions throughout the service life of construction products rather than only during
manufacturing or installation. Therefore, ensuring that recycled materials do not compro-
mise indoor environmental quality is essential for achieving both sustainability and public
health objectives.

The aim of this study is to analyse the relationship between circular economy policies
and VOC emission control in recycled interior finishing materials by reviewing current
scientific evidence, European regulatory approaches, testing methodologies, certification
systems, and market surveillance practices. The study also identifies existing regulatory
gaps that may limit the effective protection of indoor environmental quality while support-
ing the continued expansion of circular construction practices.

2. Materials and Methods
This study employed a structured literature review and comparative analysis of scien-

tific literature, international standards, European Union legislation, and national regulatory
documents related to volatile organic compound (VOC) emissions from interior finishing
materials. The research focused on identifying the current regulatory approaches governing
VOC emissions, evaluating the extent to which recycled interior finishing materials are
addressed within existing regulatory frameworks, and identifying potential gaps that may
affect indoor environmental quality and human health protection.

The literature review included peer-reviewed scientific publications addressing in-
door air quality, VOC emissions from construction materials, recycled building products,
environmental exposure, and health effects associated with VOCs. Particular attention was
given to studies investigating emission characteristics of interior finishing materials, the
influence of recycled constituents on emission behaviour, and the relationship between
material emissions and indoor environmental quality.

Peer-reviewed scientific literature was identified using the Scopus bibliographic
database. The literature search focused on combinations of keywords related to “volatile
organic compounds”, “VOC emissions”, “recycled building materials”, “recycled construc-
tion materials”, “interior finishing materials”, “indoor air quality”, “feedstock variability”,
“contamination history”, “EN 16516” [11], “EU-LCI”, and “VOC regulation”. Priority
was given to peer-reviewed journal articles directly addressing VOC emissions, health-
related assessment, recycled construction materials, and European regulatory approaches.
Publications were selected on the basis of their relevance to the research objectives, with
preference given to recent peer-reviewed studies and established scientific sources di-
rectly related to VOC emissions, indoor air quality, recycled construction materials, and
regulatory assessment.

The literature selection was based on a relevance-oriented screening approach rather
than a formal systematic review protocol. Publications were assessed according to their
thematic relevance to VOC emissions, recycled interior finishing materials, indoor air
quality, and European regulatory requirements. Sources outside the scope of construction
materials, indoor emissions, and related regulatory assessment were excluded. The review
was intended to provide a structured qualitative synthesis of scientific and regulatory
evidence rather than a quantitative meta-analysis. Accordingly, no new experimental
measurements or primary datasets were generated. The Scopus search was based on
combinations of topic-specific keywords rather than a single predefined systematic search
string. Exact search dates, Boolean expressions, and database filters were not systematically
recorded; therefore, the literature search should not be interpreted as an exhaustive or fully
reproducible systematic search. This methodological limitation may have resulted in the
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omission of some relevant publications and should be considered when interpreting the
completeness of the literature synthesis and the generalisability of its conclusions.

A structured review of European legislation and technical documents was performed
to identify the legal and technical framework governing VOC emissions from construction
products. The review included the Construction Products Regulation (CPR), harmonised
European standards, the EN 16516 emission testing methodology, the EN 16516 [11], the
ISO 16000 series [12], EU-LCI values, European Lowest Concentration of Interest (EU-
LCI) evaluation criteria, relevant European Commission policy documents, and selected
voluntary certification schemes used within European countries.

To evaluate differences in regulatory implementation, a comparative analysis of se-
lected European national approaches was undertaken. Countries with established VOC
emission classification or labelling systems, including Germany, France, Belgium, and Fin-
land, were selected because they represent different regulatory models currently applied
within Europe. The analysis examined product testing requirements, emission classification
systems, certification procedures, and market surveillance mechanisms.

The regulatory framework applicable in Latvia was analysed separately in order to
evaluate the extent to which VOC emissions from interior finishing materials are addressed
through national legislation, public procurement requirements, certification practices,
and market surveillance. Particular attention was paid to identifying regulatory areas
where emission control may be incomplete or absent, especially with regard to recycled
construction materials.

The collected information was synthesised using comparative document analysis.
The identified regulatory approaches, testing methodologies, certification systems, and
scientific evidence were compared in order to determine their similarities, differences,
and potential limitations. Based on this analysis, the study identifies existing regulatory
and control gaps and proposes recommendations for improving VOC emission man-
agement in recycled interior finishing materials while supporting the objectives of the
circular economy.

3. VOC Emissions from Interior Finishing Materials
Volatile organic compounds (VOCs) are among the most important chemical pollutants

affecting indoor environmental quality. They are released from numerous construction
and finishing materials used in residential, commercial, educational, and healthcare build-
ings and may remain detectable in indoor air for extended periods after installation. The
duration and intensity of VOC emissions depend on several factors, including the chem-
ical composition of the product, manufacturing technology, environmental conditions,
ventilation rate, temperature, humidity, and material ageing [6,7,13].

Interior finishing materials represent one of the principal sources of VOC emissions
because they are typically installed over large surface areas and remain in continuous
contact with indoor air throughout their service life [14]. Significant emission sources
include paints, varnishes, adhesives, sealants, floor coverings, laminate flooring, wood-
based panels, suspended ceilings, insulation products, wallpapers, decorative coatings, and
composite construction materials [15]. Many of these products contain organic solvents,
synthetic resins, plasticisers, preservatives, curing agents, or other chemical additives
capable of emitting VOCs during curing, ageing, or long-term use.

The composition of emitted VOCs differs considerably between product categories
and manufacturing processes [16]. Frequently detected compounds include formaldehyde,
benzene, toluene, ethylbenzene, xylene, styrene, acetaldehyde, terpenes, and numerous
other volatile and semi-volatile organic compounds [17]. Although many VOCs primarily
affect odour perception or sensory comfort, several compounds have been classified as
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carcinogenic, mutagenic, or toxic to reproduction (CMR), highlighting their importance
from a public health perspective.

An important distinction should be made between the VOC content of a construction
product and its VOC emissions into indoor air. VOC content refers to the quantity of
volatile organic compounds contained within the product itself and is commonly regulated
for specific product categories, particularly paints, varnishes, and coatings. In contrast,
VOC emissions describe the quantity of chemical substances released from a material
into indoor air over time under defined environmental conditions. Indoor air quality is
primarily influenced by these emissions rather than by the total VOC content of the product.
Consequently, products containing similar amounts of VOCs may exhibit substantially dif-
ferent emission characteristics depending on their chemical composition, curing behaviour,
and manufacturing technology.

To assess VOC emissions under reproducible conditions, internationally recognised
laboratory methods have been developed. Within Europe, emission testing is primar-
ily performed using environmental chamber methods specified in the ISO 16000 se-
ries and EN 16516 [11,18,19]. These standards establish harmonised procedures for
determining VOC emissions from construction products intended for indoor applica-
tions and provide the technical basis for several European emission classification and
certification systems.

Although VOC emissions from conventional construction products have been ex-
tensively investigated, scientific evidence specifically addressing recycled interior finish-
ing materials remains comparatively limited. Recent studies have demonstrated that
recycled building materials can exhibit material-specific VOC emission characteristics,
highlighting the need for further investigation of the influence of recycled constituents
and feedstock variability on emission behaviour [9,10]. This knowledge gap becomes
increasingly significant as circular economy policies promote the wider use of recy-
cled construction materials within indoor environments. Typical VOC emission sources
and associated compounds in selected interior finishing materials are summarised in
Table 1.

Table 1. Typical VOC emission sources in interior finishing materials.

Material Category Typical VOCs/SVOCs Main Emission Source

Paints and coatings Toluene, xylene, glycol ethers Solvents

Adhesives Formaldehyde, acetaldehyde Resins and binders

Laminate flooring Formaldehyde HDF/MDF core and adhesives

Wood-based panels Formaldehyde, terpenes Urea-formaldehyde or phenolic resins

PVC flooring Residual vinyl chloride monomer (VOC);
phthalate plasticisers and DINCH (SVOCs)

Residual monomers, plasticisers and
polymer additives

Sealants Siloxanes, solvents Polymer curing

Insulation materials Formaldehyde and other aldehydes (where
applicable); potential VOC residues

Mineral wool: phenol-formaldehyde
binders; recycled textile/cellulose
insulation: residual additives, contaminants
or binders

Note: VOCs = volatile organic compounds; SVOCs = semi-volatile organic compounds. TVOC (total
volatile organic compounds) represents an aggregate emission parameter determined according
to the applicable analytical method and is not reported as a material-specific measured value in
this table.
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4. Specific Risks Associated with Recycled Materials
The transition towards a circular economy has substantially increased the use of

recycled materials in the construction sector [20,21]. While recycling contributes to
resource conservation, waste reduction, and lower greenhouse gas emissions, it also
introduces new challenges related to the chemical safety of construction products in-
tended for indoor applications [22]. Unlike virgin materials manufactured from con-
trolled raw materials, recycled products frequently incorporate secondary raw materials
originating from multiple sources, production processes, and service histories. Conse-
quently, their chemical composition may be considerably more heterogeneous and less
predictable [23].

One of the principal challenges associated with recycled interior finishing materials is
the limited knowledge regarding the origin and previous use of secondary raw materials.
Construction and demolition waste may contain residues of paints, adhesives, sealants,
preservatives, flame retardants, plasticisers, cleaning agents, or other chemical substances
that were introduced during the original service life of the product. Although recycling
processes aim to remove contaminants, complete elimination of all chemical residues
cannot always be guaranteed, particularly when recycled feedstock originates from mixed
waste streams.

In addition to residual contaminants, recycling itself may alter the chemical charac-
teristics of construction materials. Mechanical processing, crushing, grinding, thermal
treatment, or chemical recycling may modify the physical structure of materials or expose
previously encapsulated compounds, potentially influencing subsequent VOC emissions.
Furthermore, recycled products frequently require the addition of new binders, adhesives,
polymers, compatibilisers, or performance-enhancing additives in order to achieve the
mechanical properties required for construction applications. These additional substances
may themselves become new sources of VOC emissions.

The mechanisms governing VOC emissions from recycled interior finishing materials
may involve several interacting physical and chemical processes. Mechanical recycling
can increase the exposed surface area of materials and facilitate the release of previously
retained volatile compounds. Thermal processing may induce polymer degradation, ox-
idation, or the formation of low-molecular-weight organic compounds, depending on
the material composition and processing conditions. Furthermore, residual adhesives,
coatings, plasticisers, and other additives may contribute to secondary emissions during
subsequent use. The resulting emission behaviour is influenced by diffusion within the
material, partitioning between the material and surrounding air, temperature, relative
humidity, and material ageing. Consequently, recycled products with similar nominal
compositions may exhibit different VOC emission profiles depending on their feedstock
history and processing conditions.

A further distinction should be made between VOC formation during recycling and
the transfer of legacy contaminants from previously used materials. During mechanical
and thermal reprocessing, thermo-oxidative degradation and polymer chain scission may
generate additional low-molecular-weight compounds, including aldehydes and other
oxygenated VOCs. The extent and nature of these emissions depend on the polymer
type, processing temperature, oxygen availability, and previous material history nes. In
parallel, recycling may transfer legacy additives and contaminants into new products
when sorting and decontamination are insufficient. These substances may include phtha-
late plasticisers previously used in PVC flooring, certain flame retardants and stabilisers,
and residues associated with older polymer formulations, including epoxy-based sys-
tems. Such substances should not automatically be classified as VOCs, since some are
semi-volatile or non-volatile; nevertheless, their presence may affect chemical safety and
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contribute to emissions or subsequent release under service conditions [24]. These mech-
anisms highlight the importance of distinguishing newly formed degradation products
from pre-existing contaminants when assessing the chemical safety of recycled interior
finishing materials.

Another important consideration is the variability of recycled raw materials. Unlike
virgin materials produced under relatively stable manufacturing conditions, the compo-
sition of secondary raw materials may vary between production batches depending on
the source of recycled feedstock, sorting efficiency, contamination levels, and recycling
technologies employed. This variability increases uncertainty regarding the long-term
emission behaviour of recycled interior finishing materials and complicates the prediction
of indoor VOC exposure.

Recent studies further indicate that VOC emission characteristics of recycled build-
ing materials may depend on the composition and origin of the recycled feedstock
as well as on the recycling process itself. Experimental investigations have identi-
fied emissions of BTEX compounds and carbonyls from recycled building materials,
while subsequent research has demonstrated that the transport and emission behaviour
of VOCs within recycled building materials may vary according to material-specific
characteristics [9,10].

Current emission testing methodologies generally evaluate finished construction prod-
ucts under standardised laboratory conditions without distinguishing whether the product
has been manufactured from virgin or recycled raw materials. While this approach provides
valuable information regarding measured emissions, it may not fully address the additional
uncertainties associated with heterogeneous recycled feedstocks or provide information
regarding batch-to-batch variability. Consequently, products demonstrating compliance
during initial testing may still exhibit batch-to-batch variability in VOC emission per-
formance, particularly where the composition and origin of recycled feedstocks are not
fully consistent.

These uncertainties do not imply that recycled construction materials are inherently
less safe than products manufactured from virgin raw materials. On the contrary, many
recycled products successfully comply with existing European emission requirements and
certification schemes. However, compared with conventional materials, recycled inte-
rior finishing products may present additional sources of uncertainty related to material
composition, contaminant history, manufacturing variability, and long-term emission be-
haviour [25]. Therefore, recycled content alone should not be interpreted as evidence of
either lower VOC emissions or improved chemical safety; these characteristics require
separate emission-based and health-based assessment. As the use of recycled materials
continues to increase in support of circular economy objectives, understanding and manag-
ing these uncertainties becomes increasingly important for maintaining high standards of
indoor environmental quality and human health protection. The pathway from recycled
raw materials through manufacturing and VOC emissions to indoor exposure and potential
health impacts is summarised in Figure 1.
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Figure 1. Pathway of VOC emissions from recycled interior finishing materials to occupant exposure
and health impacts.

5. Health Significance of VOC Exposure
Volatile organic compounds emitted from interior finishing materials have been widely

recognised as an important factor influencing indoor environmental quality and occupant
health. Since people in industrialised countries spend approximately 90% of their time
indoors, long-term exposure to indoor air pollutants may represent a significant component
of total environmental exposure [4]. Although VOC concentrations emitted by individual
construction products are often relatively low, simultaneous emissions from multiple mate-
rials may contribute to elevated cumulative exposure, particularly in newly constructed or
recently renovated buildings [26].

The health effects associated with VOC exposure depend on several factors, including
the chemical composition of the emitted compounds, their concentration, exposure dura-
tion, individual susceptibility, age, ventilation conditions, and the presence of other indoor
pollutants [8,27]. Short-term exposure to elevated VOC concentrations has been associated
with eye, nose, and throat irritation, headaches, dizziness, fatigue, unpleasant odours,
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and reduced perceived indoor air quality. In sensitive individuals, including children,
older adults, and people with respiratory diseases, VOC exposure may aggravate asthma
symptoms and other respiratory disorders.

Long-term exposure has received increasing scientific attention because several VOCs
commonly detected in indoor environments have been classified as substances of very high
concern due to their toxicological properties. Formaldehyde, for example, has been classi-
fied by the International Agency for Research on Cancer (IARC) as a Group 1 carcinogen,
while benzene is also recognised as a Group 1 human carcinogen [28,29]. Other com-
pounds present in construction products may exhibit mutagenic, reprotoxic, or neurotoxic
properties, depending on the specific substance, exposure level, and duration. Conse-
quently, international organisations and regulatory authorities increasingly emphasise the
importance of minimising unnecessary indoor exposure to hazardous chemical substances.

It is important to recognise that adverse health effects are generally not caused by a
single VOC but rather by prolonged exposure to complex mixtures of chemical compounds
originating from multiple indoor sources. Furthermore, indoor environmental quality is
influenced not only by construction materials but also by furniture, cleaning products, con-
sumer goods, occupant activities, and outdoor air infiltration. Therefore, the contribution
of interior finishing materials should be considered as one component within the broader
indoor exposure scenario [30].

From a preventive public health perspective, reducing avoidable chemical exposure
remains one of the fundamental principles of indoor environmental management. Because
construction materials remain in buildings throughout their service life and continuously
interact with indoor air, controlling VOC emissions at the product level represents an
important strategy for limiting long-term indoor exposure [4]. This principle becomes
particularly relevant in the context of recycled interior finishing materials, where uncer-
tainties regarding chemical composition and emission behaviour may be greater than for
conventionally manufactured products.

Current European emission testing methodologies and certification schemes are there-
fore intended not only to demonstrate product performance but also to reduce the potential
health risks associated with long-term indoor exposure. Nevertheless, the effectiveness
of these regulatory approaches depends on the extent to which they adequately address
the diversity of construction products, including those manufactured from recycled or
secondary raw materials.

Although VOC exposure represents only one of many environmental factors influ-
encing human health, the presence of carcinogenic and other hazardous compounds in
indoor environments highlights the importance of effective emission control. The following
section therefore places VOC management within the broader context of cancer burden in
Europe and Latvia, illustrating why prevention of avoidable indoor chemical exposure has
become an important public health objective.

6. Cancer Burden in Europe and Latvia
Cancer remains one of the leading causes of morbidity and mortality worldwide and

represents a major public health challenge in Europe. According to estimates from the
International Agency for Research on Cancer (IARC), globally, approximately one in five
people will develop cancer during their lifetime, while the global cancer burden is expected
to increase substantially in the coming decades [3]. These trends highlight the importance of
effective prevention strategies alongside improvements in cancer diagnosis and treatment.

Recognising this challenge, the European Commission adopted Europe’s Beating
Cancer Plan, which identifies primary prevention as one of the most effective approaches
for reducing future cancer incidence [31]. The strategy emphasises reducing exposure to
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avoidable environmental and occupational carcinogens, improving air quality, strength-
ening chemical safety policies, and increasing public awareness of environmental health
risks. Although lifestyle-related factors remain the dominant contributors to cancer inci-
dence, limiting unnecessary exposure to hazardous environmental chemicals has become
an increasingly important component of European public health policy.

Indoor environments represent a particularly important area for exposure prevention
because people spend the majority of their daily lives inside residential, educational, com-
mercial, and healthcare buildings. Consequently, even relatively low concentrations of
hazardous substances may contribute to cumulative long-term exposure when emissions
persist over extended periods. Construction and interior finishing materials therefore repre-
sent one of several environmental sources that should be considered within broader strategies
for improving indoor environmental quality and reducing avoidable chemical exposure.

Several volatile organic compounds detected in indoor environments have been clas-
sified by the International Agency for Research on Cancer (IARC) according to their car-
cinogenic potential. Formaldehyde and benzene, for example, are classified as Group 1
human carcinogens, while additional compounds emitted from construction products may
exhibit mutagenic, reproductive, neurological, or endocrine-related effects depending on
exposure levels and duration [32]. Although construction materials represent only one
component of overall environmental exposure, their contribution is particularly relevant
because emissions may continue throughout the service life of the building.

The cancer burden is also highly relevant for Latvia. According to national public
health statistics, malignant neoplasms remain among the leading causes of mortality, and
cancer incidence has generally increased during recent decades, reflecting demographic
changes, improved diagnostics, and continued exposure to multiple risk factors. These
trends emphasise the importance of preventive measures aimed at reducing avoidable
environmental exposures wherever reasonably achievable [33].

It is important to recognise that cancer is a multifactorial disease resulting from
complex interactions between genetic predisposition, lifestyle, occupational exposure, en-
vironmental factors, and ageing. Therefore, VOC emissions from construction materials
should not be interpreted as a direct cause of cancer incidence at the population level.
Nevertheless, where construction products contain or emit substances classified as car-
cinogenic or otherwise hazardous, minimising unnecessary indoor exposure represents a
scientifically justified and precautionary public health measure.

Within this context, effective control of VOC emissions from interior finishing materials
becomes relevant not only from the perspective of indoor environmental quality but also
as part of the broader European objective of reducing avoidable exposure to hazardous
chemicals. As the use of recycled construction materials continues to expand under circular
economy policies, ensuring that these products maintain an equivalent level of chemical
safety represents an increasingly important regulatory challenge.

7. European Regulatory and Testing Framework
The regulation of volatile organic compound (VOC) emissions from construction

products within the European Union is based on a combination of legislative requirements,
harmonised technical standards, laboratory testing methodologies, and voluntary certifica-
tion schemes. Rather than establishing a single European emission limit applicable to all
construction products, the current regulatory framework provides harmonised procedures
for evaluating product performance while allowing Member States to define their own
performance requirements for products intended for indoor use.

The European regulatory framework for construction products is currently undergo-
ing a transition from Regulation (EU) No 305/2011 [34] to the new Construction Products
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Regulation, Regulation (EU) 2024/3110 [12]. The new Regulation entered into force on
7 January 2025, with most of its provisions applying from 8 January 2026. During the
transitional period, provisions of Regulation (EU) No 305/2011 continue to apply to certain
product families and harmonised technical specifications until they are progressively re-
placed under the new regulatory framework. Both Regulations establish harmonised rules
for assessing and declaring construction product performance and for placing construc-
tion products on the European market, while Member States retain an important role in
determining applicable performance requirements for their intended uses.

Assessment of VOC emissions from construction products intended for indoor use is
primarily performed according to EN 16516 [11], which specifies harmonised laboratory
procedures for determining emissions into indoor air. The standard defines environmen-
tal chamber testing conditions, sampling procedures, analytical methods, and reporting
requirements for a broad range of construction products [34]. EN 16516 is closely linked
with the ISO 16000 series, particularly those standards addressing chamber testing, air
sampling, and analytical determination of volatile organic compounds [12]. Together, these
standards provide a common technical methodology that enables comparable emission
measurements throughout Europe.

Despite their importance for harmonised emission assessment, standardised cham-
ber testing methods have certain limitations when evaluating recycled interior finishing
materials. Emission assessments commonly use a 28-day reference period, which pro-
vides a standardised basis for comparing product performance but does not necessarily
represent emission behaviour throughout the entire service life of a material. Long-term
emissions may be influenced by material ageing, diffusion-controlled release of retained
compounds, changes in temperature and relative humidity, and chemical degradation
processes. Furthermore, laboratory testing under controlled conditions may not fully
reproduce the variability of real indoor environments, including fluctuating ventilation
rates and environmental conditions. For recycled materials, variations in feedstock com-
position, contamination history, and manufacturing processes may additionally result in
differences in emission profiles between production batches. Consequently, standardised
emission testing should be complemented, where justified by material-specific risks, by ap-
propriate quality assurance, representative batch sampling, and consideration of long-term
emission behaviour.

Unlike regulations governing VOC content in certain products, such as paints and
coatings, emission assessment focuses on the quantity of chemical substances released into
indoor air under standardised environmental conditions. This distinction is particularly
important because indoor environmental quality depends primarily on emissions occurring
during the service life of construction products rather than on the total amount of VOCs
contained within the product itself.

In addition, VOC emission behaviour may be non-linear over time. Changes in temper-
ature and relative humidity can alter the diffusion and release of retained compounds. Such
processes are not necessarily captured by a single 28-day chamber test. For heterogeneous
recycled materials, differences in composition, ageing, contamination history, and pro-
cessing conditions may further complicate the extrapolation of short-term measurements
to multi-year service life. Therefore, standardised chamber results should be interpreted
as measurements under defined test conditions rather than as a complete prediction of
long-term emissions.

To facilitate consistent health-based evaluation of measured emissions, the European
Commission has supported the development of European Lowest Concentration of Interest
(EU-LCI) values. These health-based reference values provide a common scientific basis for
interpreting laboratory emission measurements and are intended to improve consistency
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among European emission evaluation systems [33,35,36]. However, EU-LCI values are not
legally binding exposure limits. Instead, they serve as technical reference criteria used within
emission assessment methodologies and by several national certification schemes [36].

Chemical substances used in construction products are additionally regulated un-
der the REACH Regulation (EC) No 1907/2006 [37] and the CLP Regulation (EC) No
1272/2008 [38]. REACH governs the registration, evaluation, authorisation, and restriction
of chemical substances placed on the European market, while CLP establishes harmonised
rules for classification, labelling, and packaging of hazardous chemicals. Although these
regulations contribute significantly to chemical safety through substance hazard classifica-
tion and risk management, they do not constitute a harmonised product-level methodology
for measuring VOC emissions from finished construction products into indoor air.

Consequently, the European regulatory framework relies on several complementary in-
struments operating simultaneously. Construction product legislation establishes common
rules for product assessment and CE marking; harmonised standards provide labora-
tory testing methodologies; REACH and CLP regulate hazardous chemical substances;
and EU-LCI values support health-based interpretation of emission data. Nevertheless,
implementation of VOC emission requirements remains largely dependent on national
regulatory approaches and voluntary certification systems, resulting in considerable differ-
ences between European countries regarding emission classification, product acceptance,
and market surveillance [35].

This regulatory structure provides a harmonised technical basis for VOC assessment
while allowing flexibility in national implementation. However, it also creates challenges for
ensuring consistent protection of indoor environmental quality across the European Union,
particularly for innovative construction products incorporating recycled or secondary raw
materials, where chemical composition and emission behaviour may be more variable
than in conventionally manufactured products. The relationship between the European
regulatory framework, harmonised technical assessment, national implementation, and
market surveillance is summarised in Figure 2.

Figure 2. European regulatory and testing framework for VOC emissions from construction products
and its national implementation. The arrows indicate the relationship between the European regulatory
framework, harmonised technical assessment, national implementation, and market surveillance.
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8. National Approaches in Selected European Countries
Although the European Union has established harmonised procedures for measuring

VOC emissions from construction products, the implementation of emission requirements
remains largely the responsibility of individual Member States. As a result, Europe currently
applies a combination of mandatory regulations, voluntary certification schemes, and
national emission classification systems that differ considerably in scope, legal status, and
enforcement mechanisms.

Germany applies the AgBB (Committee for Health-related Evaluation of Building
Products) evaluation scheme for the health-related assessment of VOC emissions from
construction products intended for indoor use. The AgBB scheme establishes uniform
health-based testing and assessment criteria and evaluates both total VOC emissions and
individual emitted substances according to their toxicological relevance. The assessment in-
cludes criteria such as LCI values, the R-value, TVOC, TSVOC, and the sum of unidentified
or unevaluated VOCs [39].

France has implemented a mandatory VOC emission labelling system for construction
and decoration products intended for indoor use. The labelling requirement has been
mandatory since 2012 and classifies products according to their emissions of volatile
pollutants into indoor air using four emission classes ranging from A+ (very low emissions)
to C (high emissions). The label is intended to provide objective information to designers
and users and to support product selection according to potential impacts on indoor air
quality [40].

Belgium has established mandatory VOC emission requirements for specific categories
of construction products intended for indoor use through the Royal Decree of 8 May 2014,
which entered into force on 1 January 2015. The regulation establishes emission threshold
levels for covered construction products and requires manufacturers to demonstrate compli-
ance before products are placed on the Belgian market. The assessment addresses a broad
range of volatile organic compounds and uses health-based criteria linked to European
emission assessment methodologies and EU-LCI values [41].

Finland applies the M1 Emission Classification of Building Materials, a voluntary
system designed to promote the development and use of low-emitting building materials
and improve indoor air quality. M1 classification evaluates emissions from building
materials into indoor air and establishes criteria for VOCs, formaldehyde, ammonia, and
odour acceptability. Products meeting the M1 criteria are recognised as low-emitting
materials, and the classification is widely used as a tool for selecting materials intended for
healthy indoor environments [42]. The main characteristics of the selected national VOC
emission control approaches are summarised in Table 2.

Romania provides an additional example of a national approach focused on VOC
source control and product composition. Government Decisions No. 699/2003 and
No. 735/2006 addressed solvent-related VOC emissions from specified activities and
VOC content limits for certain paints and coatings, respectively. These measures dif-
fer from product emission classification systems based on standardised chamber test-
ing and should not be interpreted as equivalent assessments of long-term indoor VOC
emissions [43,44].
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Table 2. Comparison of national approaches to VOC emission control for construction products in
selected European countries.

Country Regulatory Approach Legal Status Main Assess-
ment/Classification Technical Basis

Germany AgBB evaluation
scheme

Health-based national
assessment framework

LCI values, R-value,
TVOC, TSVOC

EN 16516/related
European methods

France VOC emission labelling Mandatory labelling A+ to C emission
classes

Standardised emission
testing

Belgium National VOC emission
requirements

Mandatory for specified
product categories

Emission threshold
values

European emission
assessment
methods/EU-LCI

Finland M1 Emission
Classification Voluntary M1 low-emission

classification
Standardised chamber
emission testing

Latvia No dedicated national
VOC classification

No dedicated national
classification

Project/procurement-
specific requirements

EN 16516/ISO 16000
where specified

Romania VOC source control and
product content limits

Historical national
regulatory measures
(Decision No. 699/2003
repealed) [11]

VOC content limits;
no equivalent indoor
emission
classification

Government Decisions
No. 699/2003 and No.
735/2006

Other European countries have adopted similar national approaches, often combining
harmonised European testing standards with country-specific health-based acceptance
criteria or voluntary environmental certification systems. Consequently, while laboratory
testing methodologies remain largely harmonised across Europe, the regulatory conse-
quences of emission test results differ significantly between Member States.

This diversity reflects the flexibility intentionally provided within the European regula-
tory framework. However, it also creates inconsistencies in the level of chemical protection
afforded to building occupants across the European Union. A construction product demon-
strating acceptable performance in one Member State may be subject to different regulatory
requirements or market expectations in another despite having been tested according to
the same harmonised European standard.

The situation becomes even more complex for recycled interior finishing materials.
Existing national emission classification systems generally evaluate finished products
without explicitly distinguishing between products manufactured from virgin raw materials
and those containing recycled constituents. Consequently, although recycled products are
subject to the same emission testing methodologies, current national regulatory approaches
rarely address the additional uncertainties associated with heterogeneous secondary raw
materials, contamination history, or batch-to-batch variability. The available scientific
literature specifically addressing the application of harmonised VOC emission assessment
approaches to recycled construction products remains limited and fragmented.

Overall, the comparison of selected European countries demonstrates that significant
progress has been achieved in the assessment of VOC emissions from construction products.
Nevertheless, differences in national implementation continue to result in unequal levels
of regulatory oversight and varying approaches to indoor chemical safety across Europe.
These differences become particularly relevant when considering the rapidly increasing
use of recycled construction materials promoted under circular economy policies.

9. VOC Control in Latvia
Latvia applies the general European Union regulatory framework governing con-

struction products, including the Construction Products Regulation (CPR), CE marking
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requirements, and harmonised technical specifications. Construction products placed on
the Latvian market must comply with the applicable European legislation, while market
surveillance is carried out in accordance with national regulations implementing the CPR.
However, unlike several other European countries, Latvia has not established a dedicated
national VOC emission classification or labelling system for interior finishing materials
comparable to the German AgBB scheme, the French A+ labelling system, or the Finnish
M1 emission classification.

VOC emission performance of construction products may be assessed using estab-
lished European and international testing methodologies, including EN 16516 and the ISO
16000 series. In Latvia, however, there is no dedicated national VOC emission classification
system comparable to the French emission labelling scheme or the Finnish M1 classification.
Consequently, the use of VOC emission testing for interior finishing materials depends
largely on the applicable product requirements, project specifications, procurement criteria,
or voluntary environmental certification rather than on a universal national VOC emission
classification requirement.

Green Public Procurement (GPP) has also provided an important policy mechanism
for addressing indoor environmental quality in Latvia. Under the former Latvian GPP
regulatory framework, specific criteria for construction works included emission lim-
its for selected interior finishing materials, including total volatile organic compounds
(TVOC < 300 µg/m3 after 28 days) and formaldehyde (<30 µg/m3). These requirements
applied to specified product groups such as ceiling tiles, paints and varnishes, textile
floor and wall coverings, laminate and resilient floor coverings, and wood and composite
flooring. However, Cabinet Regulation No. 353, which established these GPP requirements,
ceased to be in force on 9 June 2026. Consequently, these criteria should be regarded as
evidence of previous Latvian policy practice rather than as a currently applicable universal
national VOC emission classification system [45,46].

Market surveillance of construction products in Latvia is carried out within the na-
tional framework implementing European construction product requirements. The Con-
sumer Rights Protection Centre (PTAC) is the competent market surveillance authority for
construction products and verifies compliance with applicable requirements, including
product identification, CE marking where required, declared performance, and accompany-
ing documentation. Latvian legislation also provides mechanisms for requesting product
samples and conducting laboratory or other examinations when necessary. However, these
general market surveillance provisions do not establish a dedicated national programme
specifically requiring systematic VOC emission testing of interior finishing materials placed
on the Latvian market [47,48].

From the perspective of indoor environmental quality, the Latvian framework therefore
relies primarily on applicable European product requirements supplemented by project-
specific specifications, procurement criteria, and voluntary environmental certification
schemes. In the absence of a dedicated national VOC emission classification system,
requirements for low-emitting interior materials may consequently vary between individual
projects and procurement contexts.

The increasing use of recycled construction materials introduces additional consid-
erations for indoor environmental quality. Latvian waste legislation promotes the prepa-
ration of construction and demolition waste for reuse, recycling, and material recovery
and requires recovered materials to comply with applicable technical and environmen-
tal requirements. However, no separate VOC emission assessment framework has been
identified for interior finishing products specifically on the basis of their recycled material
content. Consequently, recycled and conventionally manufactured products are generally
subject to the same applicable product and emission assessment requirements, despite
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potential differences in raw material origin, contamination history, chemical composition,
and emission variability [49,50].

Overall, Latvia has established mechanisms for implementing European construction
product requirements and for market surveillance of construction products. However, the
regulatory review indicates that Latvia does not currently operate a dedicated national
VOC emission classification or mandatory emission-labelling system for interior finishing
materials comparable to those applied in several other European countries. VOC-related
requirements may instead arise from applicable European product requirements, project
specifications, procurement criteria, or voluntary certification schemes. Consequently, the
practical level of VOC emission assessment may vary between product categories and
individual construction or procurement contexts.

10. Identified Regulatory and Control Gaps
The comparative analysis of European legislation, testing methodologies, national

regulatory approaches, and the Latvian regulatory framework indicates that signif-
icant progress has been achieved in establishing harmonised procedures for assess-
ing VOC emissions from construction products. Standardised laboratory testing, har-
monised analytical methods, and health-based evaluation criteria provide a robust tech-
nical foundation for evaluating indoor emissions. Nevertheless, several important
regulatory and practical gaps remain, particularly in the context of recycled interior
finishing materials.

Although previous studies have addressed VOC emissions from construction prod-
ucts, health-based emission assessment, and the harmonisation of European evaluation
approaches, the available evidence addressing recycled feedstock traceability, contam-
ination history, batch-to-batch variability, and regulatory control remains limited and
fragmented [51,52]. The present study therefore integrates these dimensions within
a unified VOC risk-management framework specifically focused on recycled interior
finishing materials.

The first identified gap concerns the relationship between initial product emission
assessment and subsequent verification of emission performance. Existing VOC assessment
systems are primarily based on testing finished products under standardised conditions,
while the extent and frequency of subsequent market surveillance and independent verifi-
cation vary between national regulatory systems. This may create uncertainty regarding
whether declared VOC emission performance remains consistent across production batches
and throughout continued market availability, particularly for products incorporating
heterogeneous recycled feedstocks.

A second limitation relates to the increasing use of recycled and secondary raw ma-
terials. Existing emission testing methodologies evaluate finished construction products
without explicitly considering the origin, variability, or previous service history of recycled
constituents. While this approach ensures equal treatment of conventional and recycled
products during laboratory testing, it does not specifically address the additional uncer-
tainties associated with heterogeneous recycled feedstocks, historical contamination, or
variations in recycling technologies.

Another important issue concerns traceability of recycled constituents. Informa-
tion on the origin, previous use, contamination history, and chemical composition of
secondary raw materials may be relevant when evaluating potential VOC emission risks.
However, conventional product-level emission assessment does not necessarily provide
detailed information on the history and variability of individual recycled feedstocks. Im-
proved traceability of recycled constituents could therefore complement standardised
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emission testing and support more comprehensive assessment of potential chemical and
VOC-related risks.

Differences between national implementation approaches represent an additional
regulatory challenge. While several European countries have introduced mandatory VOC
emission labelling systems, national acceptance criteria, or established voluntary classi-
fication schemes, others rely primarily on harmonised European standards and project-
specific requirements. Consequently, construction products with comparable laboratory
emission performance may be subject to different classification, documentation, or ac-
ceptance requirements depending on the Member State in which they are placed on the
market. This regulatory heterogeneity may complicate consistent interpretation of VOC
emission performance and the selection of low-emitting materials across the European
construction market.

An additional issue concerns the distinction between VOC content and VOC emis-
sions. VOC content describes the amount of volatile organic compounds present in a
product or formulation, whereas emission assessment addresses the release of these com-
pounds from a finished product into indoor air under defined conditions. These param-
eters are therefore not interchangeable when evaluating potential impacts on indoor air
quality. For interior construction materials, emission-based assessment provides infor-
mation that is more directly relevant to potential indoor exposure than product VOC
content alone.

Within Latvia, the absence of a dedicated national VOC emission classification or
labelling system means that practical emission control depends primarily on applicable
European product requirements, project-specific specifications, procurement criteria, and
voluntary certification schemes. Although previous Green Public Procurement regulations
included specific VOC emission criteria for selected interior finishing materials, these
mandatory requirements ceased to apply to newly initiated procurements after 9 June 2026.
This further emphasises the importance of project-level specifications and voluntary use of
emission-based criteria when selecting low-emitting interior materials.

Overall, the findings suggest that the current European regulatory framework pro-
vides an effective basis for VOC emission assessment but has evolved primarily around
conventionally manufactured construction products. As recycled materials become increas-
ingly important within circular economy strategies, future regulatory development may
need to place greater emphasis on material traceability, consistency of recycled feedstocks,
long-term emission performance, and harmonised approaches to market surveillance.
Strengthening these aspects could improve confidence in recycled construction materials
while simultaneously supporting both circular economy objectives and the protection of
indoor environmental quality. The principal regulatory and control gaps identified through
the comparative analysis are summarised in Figure 3.

Taken together, the identified gaps indicate that the principal challenge is not the
absence of established VOC emission testing methodologies, but the need to integrate
these methodologies more effectively with the specific uncertainties introduced by recycled
materials. Circularity alone cannot be regarded as sufficient evidence of environmental
or health performance. The increased use of secondary raw materials should therefore be
accompanied by appropriate traceability, quality assurance, emission-based assessment,
health-based evaluation, and proportionate regulatory verification. In this context, circular
economy objectives and the protection of indoor environmental quality should be treated
as complementary requirements: material recovery should not be achieved at the expense
of chemical safety or human health.
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Figure 3. Identified regulatory and control gaps affecting VOC risk management in recycled interior
finishing materials.

Conceptual Framework for VOC Risk Management in Recycled Interior Finishing Materials

While the reviewed literature and current European regulatory framework provide
established methodologies for assessing VOC emissions from construction products, the
present review did not identify an integrated framework that specifically combines VOC
emission assessment with the additional traceability, material variability, and chemi-
cal safety considerations associated with recycled interior finishing materials. Based
on the identified regulatory gaps, the authors propose a conceptual framework for im-
proving VOC risk management while supporting the objectives of the circular economy
(Figure 4).

The proposed framework is based on the principle that the chemical safety of re-
cycled construction products should be evaluated through an integrated process ex-
tending from secondary raw material origin and manufacturing quality control to
finished-product emission testing, health-based assessment, and regulatory verifica-
tion. It therefore combines material traceability, quality assurance, emission assess-
ment, health-based evaluation, and regulatory oversight within a unified decision-
making approach.

Stage 1. Material Origin and Traceability
The first stage focuses on documenting the origin of recycled raw materials, previous

applications, recycled content, and available information regarding potential contamination.
Improved traceability can reduce uncertainty associated with heterogeneous secondary
feedstocks and support more informed assessment and selection of recycled materials.
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Figure 4. Proposed conceptual framework for VOC risk management in recycled interior finishing
materials. The arrows indicate the progression between the framework stages and the continuous
feedback process supporting improvements in VOC risk management.

The Digital Product Passport (DPP) framework introduced under Regulation (EU)
2024/3110 could provide a practical mechanism for improving material traceability, subject
to the applicable implementation requirements. Where relevant information is available
and incorporated into the passport, it could facilitate access to product identification,
material composition, recycled content, and supporting technical documentation. However,
the DPP should not be regarded as a substitute for chemical characterisation or VOC
emission testing, particularly where the contamination history of secondary raw materials
remains uncertain.

Stage 2. Manufacturing Quality Assurance
The second stage evaluates manufacturing processes, including sorting efficiency,

contaminant removal, quality control procedures, and production consistency. Particular at-
tention should be given to monitoring and controlling batch-to-batch variability in recycled
feedstocks, particularly where changes in chemical composition or residual contamination
may influence the emission performance of the finished product.

Stage 3. VOC Emission Testing
Finished construction products should be evaluated using harmonised European

methodologies, including EN 16516 and the ISO 16000 series, to determine VOC emissions
under standardised environmental chamber conditions. Testing should focus on measured
emissions rather than solely on VOC content.

The practical implementation of VOC emission testing requires consideration of the
financial and organisational capacities of manufacturers. While larger manufacturers
may be able to integrate emission testing into established quality assurance procedures,
small and medium-sized enterprises (SMEs) may face proportionally higher costs asso-
ciated with laboratory testing, sampling, and technical documentation. A risk-based
approach could help address these challenges by prioritising additional testing for ma-
terials with uncertain feedstock origins, variable chemical compositions, or potentially
hazardous constituents. Shared testing facilities, cooperation with accredited laboratories,
and sector-specific technical guidance could further improve accessibility for SMEs. Never-
theless, responsibility for demonstrating compliance with applicable product requirements
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should remain with the relevant economic operators, in accordance with the applicable
regulatory framework.

Stage 4. Health-Based Assessment
Measured emission results should be interpreted using health-based reference values,

such as EU-LCI values, together with relevant toxicological classifications of emitted
substances. This stage provides a health-based interpretation of product emission data and
supports the identification of emissions that may require further evaluation or control.

Stage 5. Regulatory Compliance and Market Surveillance
Products demonstrating acceptable emission performance should comply with ap-

plicable European and national requirements and remain subject to appropriate market
surveillance. Where justified by product characteristics, recycled feedstock variability, or
other identified risk factors, targeted independent verification of emission performance
could complement initial product assessment and provide additional confidence in contin-
ued compliance.

Stage 6. Safe Indoor Application
The final stage supports the specification and use of recycled interior finishing

materials only where applicable emission, indoor environmental quality, and chem-
ical safety requirements are satisfied. Within this framework, circular economy ob-
jectives are pursued within defined health and indoor environmental quality bound-
aries, ensuring that increased material circularity does not compromise the safety of
indoor environments.

Building upon existing regulatory approaches that primarily assess the emission per-
formance of finished construction products, the proposed framework places additional
emphasis on material traceability and manufacturing consistency as complementary com-
ponents of VOC risk management for recycled materials. The framework does not replace
existing European legislation or harmonised testing standards; rather, it complements them
by addressing aspects that become increasingly relevant as recycled construction materials
are more widely introduced into indoor environments.

The proposed conceptual framework may also serve as a basis for future research
aimed at developing risk-based assessment methodologies for recycled construction ma-
terials and for supporting the evolution of European regulatory policies towards more
comprehensive chemical safety management within the circular economy.

Artificial intelligence (AI) and machine learning could provide additional opportu-
nities for the future development of the proposed VOC risk management framework.
Predictive models trained on validated emission measurements, recycled feedstock char-
acteristics, manufacturing parameters, and environmental conditions could support the
identification of emission patterns and potential risks associated with heterogeneous recy-
cled materials. Such approaches may also assist manufacturers in detecting batch-to-batch
variability, optimising quality assurance procedures, and developing more adaptive VOC
monitoring strategies. However, their practical application would require sufficiently
representative datasets, independent model validation, and transparent assessment of
prediction uncertainty. AI-based tools should therefore be regarded as complementary
decision-support instruments rather than substitutes for standardised emission testing and
health-based assessment.

11. Recommendations
Based on the findings of this study, several measures could strengthen the management

of VOC emissions from recycled interior finishing materials while supporting the continued
implementation of circular economy principles within the European construction sector.
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Firstly, greater emphasis should be placed on VOC emission performance rather
than solely on VOC content when evaluating interior finishing materials. Because VOC
content and VOC emissions represent different characteristics of a product, information
on composition alone does not provide a direct measure of the substances released into
indoor air under defined conditions. Wider use of emission-based assessment could
therefore provide more relevant information for evaluating potential impacts on indoor
environmental quality and for supporting material selection.

Secondly, greater attention should be given to the traceability of recycled raw materials
used in construction products. Product documentation could be expanded to include infor-
mation regarding the origin of recycled constituents, the proportion of recycled content,
and the quality assurance procedures applied during material recovery and manufacturing.
Improved traceability could reduce uncertainty regarding secondary raw material char-
acteristics and provide a stronger information basis for assessing the chemical safety and
emission performance of recycled construction products.

Thirdly, consideration should be given to strengthening quality assurance for con-
struction products containing recycled materials. While emission testing evaluates the
performance of finished products under defined conditions, additional quality manage-
ment procedures could support the monitoring and control of batch-to-batch variability in
recycled feedstocks and finished products. Such measures could help reduce uncertainty
associated with heterogeneous secondary raw materials and improve confidence in the
consistency of VOC emission performance over time.

Fourthly, greater harmonisation of low-emission product classification approaches
across European Member States should be considered. Although several countries have
established national VOC emission classification, labelling, or acceptance systems, sub-
stantial differences remain in how emission test results are classified, communicated, and
applied in product selection. Greater harmonisation could facilitate cross-border product
comparison, support more consistent specification of low-emitting materials, and improve
transparency within the European construction market.

Fifthly, national authorities may consider strengthening the role of market surveillance
and independent verification of VOC emission performance for construction products
intended for indoor use. Rather than applying routine periodic testing to all products,
targeted verification could be considered where product characteristics, recycled feedstock
variability, changes in manufacturing processes, or other identified risk factors indicate a
greater potential for variation in emission performance. Such a risk-based approach could
complement initial product assessment while focusing regulatory resources on products
for which additional verification may provide the greatest value.

For Latvia, the findings suggest that VOC emission management could be strength-
ened through clearer national guidance on low-emitting interior construction materi-
als and more systematic use of established European emission assessment methodolo-
gies. Consideration could also be given to incorporating appropriate emission-based
criteria into future public procurement specifications and sustainable building require-
ments where relevant. Such measures could support more consistent consideration of
indoor environmental quality while remaining compatible with the broader European
regulatory framework.

Future improvements in VOC risk management should combine advances in analytical
technologies with a phased regulatory implementation strategy. Continuous indoor air
monitoring, sensor networks, and automated data logging could complement standardised
laboratory chamber testing by providing information on temporal emission variability
under real operating conditions. However, sensor-based measurements would require
calibration, quality assurance, and validation against established analytical methods. A
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practical regulatory roadmap could begin with harmonised data collection and voluntary
pilot programmes for recycled interior finishing materials, followed by the development
of material-specific technical guidance and representative testing protocols. Subsequently,
validated assessment approaches could inform relevant harmonised technical specifications
under Regulation (EU) 2024/3110 and, where appropriate, national product requirements
and market surveillance procedures. Such implementation should be proportionate to
product risks and supported by clear responsibilities, transitional arrangements, and
accessible testing infrastructure.

Finally, future research should focus on the development of risk-based assessment
methodologies specifically addressing recycled construction materials. Particular attention
should be given to the influence of recycled feedstock variability, contaminant history,
long-term emission behaviour, and the relationship between laboratory emission testing
and actual indoor exposure conditions. Improved scientific understanding in these areas
would support both regulatory development and the safe expansion of circular construc-
tion practices.

Future research should also prioritise the assessment of long-term VOC exposure
among potentially vulnerable population groups, particularly children and students in
educational buildings. Longitudinal monitoring studies, advanced statistical analysis,
and computational exposure modelling could help identify relationships between material
emission profiles, indoor environmental conditions, exposure duration, and potential health
outcomes. Such investigations should account for ventilation, occupancy patterns, multiple
indoor pollution sources, and differences in individual susceptibility. The resulting evidence
could support the identification of population-specific exposure profiles and inform more
targeted preventive measures and material selection strategies.

Higher education institutions could play an important role in strengthening awareness
of VOC emissions and chemical safety in the transition towards circular construction. Uni-
versity curricula in civil engineering, architecture, construction management, and environ-
mental sciences should integrate fundamental principles of indoor air quality, health-based
material selection, VOC emission testing, and the specific uncertainties associated with
recycled construction products. Case studies, laboratory demonstrations, interdisciplinary
projects, and collaboration with construction product manufacturers could help students de-
velop practical competencies in evaluating material sustainability alongside chemical safety.
Such educational initiatives would support the preparation of future professionals capable
of applying circular economy principles without compromising indoor environmental
quality and occupant health.

Overall, the recommended measures are intended to build upon the existing European
regulatory framework, harmonised testing standards, and established quality assurance
principles rather than replace them. By addressing emerging challenges associated with
recycled construction materials, these measures could support more comprehensive VOC
risk management while contributing to circular economy objectives, indoor environmental
quality, and the long-term protection of public health.

This relationship is summarised in Figure 5, emphasising that circular economy ob-
jectives should be pursued within health- and indoor environmental quality-based safety
boundaries.
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Figure 5. Health-first approach to integrating circular economy objectives with VOC emission control
and indoor environmental quality.

12. Conclusions
The findings of this study support the following conclusions:

1. The increasing use of recycled interior finishing materials under circular economy
policies highlights the need to ensure that improvements in resource efficiency are
accompanied by an equivalent level of protection of indoor environmental quality
and human health.

2. The European framework provides established methodologies for VOC emission
assessment through standards such as EN 16516 and the ISO 16000 series, supported
by complementary regulatory instruments including the CPR, REACH, and CLP.

3. Current VOC assessment approaches primarily evaluate the emission performance
of finished construction products, while the specific uncertainties associated with
recycled raw materials—including feedstock variability, material traceability, contam-
ination history, and long-term emission consistency—are not explicitly addressed
within the reviewed emission assessment frameworks.

4. Considerable differences remain between European Member States regarding VOC
emission classification, product labelling, acceptance requirements, and market
surveillance, resulting in heterogeneous regulatory implementation across the Euro-
pean construction market.

5. Latvia currently relies primarily on applicable European product requirements,
project-specific specifications, procurement criteria, and voluntary certification
schemes, while a dedicated national VOC emission classification or mandatory
emission-labelling system comparable to those applied in several other European
countries has not been established.
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6. Future regulatory development should place greater emphasis on material traceability,
quality assurance of recycled feedstocks, greater harmonisation of emission classifi-
cation approaches, and risk-based market surveillance in order to support circular
economy objectives while maintaining appropriate protection of indoor environmen-
tal quality and human health.
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