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Abstract

This study aimed to enhance the understanding of hazardous substances in urban
environments and identify their sources, focusing on the potential contribution of building
materials to both outdoor and indoor contamination. We conducted targeted pollutant
screening across five matrices—construction materials, stormwater, indoor dust and air, and
residential wastewater—in five cities in the Baltic Sea Region: Tallinn, Helsinki, Turku,
Vasteras, and Stockholm. Although not all matrices were screened in every location, key
findings emerged:

e Indoor dust samples contained significant amounts of organic pollutants, such as
plasticizers, PFAS, and chlorinated paraffins, with some pollutants comprising up to
0.1% by weight.

e Stormwater acts as a conduit for pollutants between the built and natural
environments, with samples containing a range of contaminants, including biocides,
organophosphate esters, metals, and PFAS. Variations in contamination levels were
observed across different cities and building types.

e The study also confirmed the occurrence of biocides, such as diuron, propiconazole,
and mecoprop, in stormwater from areas with new wooden claddings, underscoring
the environmental impact of building materials.

e PFAS were detected across various matrices, showing significant concentration
variations among cities.

e Widespread contamination by TCPP in stormwater runoff, wastewater, and indoor
dust was also found.

e Additionally, the study noted the replacement of older contaminants with emerging
substances of concern in building materials, stressing the importance of continued
research to understand their impacts.

The sampling and analysis results of this project are indicative in nature due to the
limited number of samples analysed in each category. These results reveal areas and
matrices where more data is needed. They should not be used for risk assessment but
can serve as a basis and contribute to future investigations. Rather, they should be seen
as indications for where more data is needed to understand the long-term effects and to
be able to develop strategies to reduce pollutant levels and health risks from exposure
to these contaminants.
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Popular Summary

The present report summarises the results obtained from the substance screening
conducted in the NonHazCity 3 project. The aim of these screening activities was to
document the presence of hazardous substances and their sources within the NonHazCity 3
partner municipalities. This study aimed to identify where hazardous substances are found
in urban areas, and their origins. We explored whether building materials contribute to
contamination in outdoor and indoor urban environments. Pollutant screening was
conducted in construction materials, stormwater, indoor dust and air, and residential
wastewater. The screening took place in five cities/regions in the Baltic Sea Region: Tallinn
(EE), Helsinki and Turku region (Fl), Vasteras, and Stockholm (SE).

The investigation focused on the following substance groups commonly present in building
materials:

Phthalates: Used to make plastics more flexible, found in products like PVC flooring, cables,
roofing membranes and plastic films on metal roofs. These chemicals can be released into
the environment and disrupt hormones of living organisms.

Per- and Polyfluoroalkyl Substances (PFAS): Used in a multitude of applications for their
resistance to heat, water, and oil. Extremely persistent in the environment and pose
significant long-term health risks.

Bisphenols: Used in making plastics and other products. Bisphenol A (BPA) and its
substitutes (like BPF and BPS) are endocrine disruptors affecting hormone functions.
Organophosphate Esters (OPEs): Used as flame retardants and plasticizers. Linked to
adverse health effects, leach from products and by that significantly impact indoor air
quality.

Brominated Flame Retardants (BFRs): Used to reduce flammability in materials like
electronics and textiles. Many persist in the environment and can cause neurological and
hormonal issues.

Biocides: Used as an in-can preservative, to prevent mold and fungal growth on wood and
facade coatings. Pose environment and health risks and contribute to biocide resistance.
Chlorinated Paraffins (CPs): Used as flame retardants and plasticizers. Persist in the
environment, bioaccumulate, and may be carcinogenic.

Volatile Organic Compounds (VOCs): Found in paints, solvents, and adhesives, they can
cause health issues ranging from irritation to liver and kidney damage.

Metals: Lead, cadmium, mercury, zinc, and copper can cause toxic effects on human health
and/or the environment even in trace amounts. These metals are commonly found in
construction materials.

Key findings from this study are following

Indoor dust: Dust is a carrier of many chemicals present in the indoor environment and thus
reflects what is mobilized from materials. Despite reductions of some pollutants over time,
because they have been regulated (restricted and/or subjected to authorization), dust still
contains significant pollutants, including plasticizers, PFAS, bisphenols, chlorinated paraffins,



Occurrence of Substances of Concern in

the Baltic Sea Region June 2024

and organophosphate esters. Higher concentrations of hazardous substances were found in
houses with PVC flooring and treated surfaces.

Stormwater: Contains various pollutants, including biocides, flame retardants, and metals.
Areas with new wooden buildings exhibited higher levels of biocides, that may adversely
impact the aquatic environment.

PFAS: Detected across various matrices, including stormwater, wastewater, indoor dust, and
construction materials. There are many uses that can release PFAS, but finding the exact
sources in the built environment is difficult.

Plasticizers: Found at higher levels in rooms with PVC flooring, indicating that the type of
flooring significantly affects chemical levels in dust.

Construction materials are clearly a source of harmful chemicals indoors and in the
environment.

Achieving a non-toxic environment within the EU requires stricter regulations, better
material choices, improved monitoring systems, and the promotion of safer alternatives.

This investigation has led to a few recommendations for legislators, public authorities and
constructors presented below:

Recommendations for regulators
e Implement stricter regulations for hazardous substances in construction material
e Encourage and promote the development and use of safer alternatives

Recommendations for public authorities

e Focus on compliance for regulation in place

e Improve monitoring systems to detect new harmful substances in materials

e Raise awareness about the risks of hazardous substances in construction materials
among actors in the construction industry and the public

e Encourage and promote the development and use of safer alternatives

e Improve waste management to ensure recycled construction materials are free from
hazardous substances

e Hazardous substance prevention in municipalities: cooperate with city/ district
development departments to prevent HS use in construction through procurement

Recommendations for constructors

e Avoid materials treated with harmful chemicals

e Require suppliers to declare all content of substance of concern

e Require suppliers to evaluate possible alternatives and substitute the most harmful
chemicals whenever possible

e Improve monitoring programmes and systems to detect new substances in materials

e Encourage and promote the development and use of safer alternatives

e Improve waste management to ensure recycled construction materials are free from
hazardous substances
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Collaboration between cities and countries is essential to share information and best
practices. Joint initiatives should be supported to tackle pollution from construction
materials and improve environmental and public health. By following these
recommendations, the Baltic Sea Region’s environment can be protected, and cities can
become safer.
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Abbreviations

Definitions of all abbreviations that are used or mentioned in the report, for example different
chemical substances.

BBzP: Butyl benzyl phthalate
BFR:  Brominated flame retardants
BIT: 1,2-benzisothiazol-3(2H)-one

BPA Bisphenol A
BPF Bisphenol F
BPS Bisphenol S

BPR: Biocidal product regulation

CP: Chlorinated paraffins

CSO: Combined sewer overflows

DCOIT: 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one

DEHA: Di(2-ethylhexyl) adipate

DEHP: diethylhexyl phthalate

DEHT: Di(2-ethylhexyl) terephthalate

DiBP: diisobutyl phthalate

DIDP: Diisodecyl phthalate

DINCH: 1,2-Cyclohexane dicarboxylic acid diisononyl ester
DINP: Diisononyl phthalate

DMP: dimethyl phthalate

DnBP: Di-n-butyl phthalate

ED: Endocrine disruptor

EHDPP: 2-Ethylhexyl diphenyl phosphate

F-gases: Fluorinated gases

FTS:  Fluorotelomer sulfonate
HBCDD: Hexabromocyclododecane
IPBC: lodopropynyl butylcarbamate
LOD:  Limit of detection

LOQ: Limit of quantification



MCCP:

MIT:
MW:
ND:
OIT:
OPE:
PBT:
PFAS:
PFBS:
PFBA:
PFCA:
PFHpA:
PFHxS:
PFHXA:
PFNA:
PFOS:
PFOA:
PFPeA:
PFSA:
PMT:
PNEC:
POPs:
PUR:

PVC:

SCCP:

TBBPA:

TBEP:
TBP:
TCEP:

TCIP:

Medium Chain Chlorinated Paraffin

2-methyl-4-isothiazolin-3-one
Molecular weight

Not detected

Octhilinone

Organophosphate ester
Persistent, bioaccumulative, and toxic
per- and polyfluoroalkyl substances
perfluorobutanesulfonic acid
perfluorobutanoic acid
perfluorocarboxylic acid
perfluoroheptanoic acid
perfluorohexanesulfonic acid
perfluorohexanoic acid
perfluorononanoic acid
perfluorooctanesulfonic acid
perfluorooctanoic acid
perfluoropentanoic acid
perfluorosulfonic acid

Persistent, mobile and toxic
Predicted no effect concentration
Persistent Organic Pollutants
Polyurethane

Polyvinyl chloride

Short Chain Chlorinated Paraffin

Tetrabromobisphenol-A

Tris (2-butoxyethyl) phosphate
Tri-n-butyl phosphate
Tris(2-chloroethyl) phosphate

Tris(2-chlorisopropyl)phosphate
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TCPP: tris(2-chloro-1-methylethyl) phosphate
TDCPP: Tris(1,3-dichloro- 2-propyl) phosphate
TEP:  Triethylphosphate

TEHP: Tris (2-ethylhexyl)-phosphate

TMCP: Tris-m-kresylphosphate

TMPP Trimethylolpropane phosphate

TNBP: Tri-n-butyl phosphate

TP: Transformation product

VOC: Volatile Organic Compounds

VPvB: Very persistent and very bioaccumulative

WWTP: Wastewater treatment plant

Occurrence of Substances of Concern in

the Baltic Sea Region June 2024

10



Occurrence of Substances of Concern in

the Baltic Sea Region June 2024

Introduction

The NonHazCity 3 Building Material Catalogue for tox free construction (NHC3, 2023), as well as the
scientifically based consumer web application CheckED (www.nhc.check-ed.eu ) already show that
construction materials are significant sources of indoor and environmental exposure to hazardous
chemicals. While a non-toxic environment is a prominent objective within the EU, the necessary
data and tools to achieve this goal are not yet fully established. Given the ecological sensitivity of
the Baltic Sea Region, however, understanding the presence and sources of hazardous substances is
crucial. This requires both a thorough literature review and empirical data collection.

Therefore, in this NonHazCity 3 project, 6 of the project partners and one AO have gotten together
to screen certain substances in construction materials and contact media (water, dust, air).
Municipalities, universities and NGOs from 5 cities formed a screening group, cooperating on
substance screening and compiling results.

The analytical screening investigations are summarised in this report and aim to enhance our
understanding of the relationship between construction material composition and the occurrence of
hazardous substances in indoor dust, urban stormwater, and urban wastewater in the Baltic Sea
Region. The investigation focused on a selection of relevant substance groups present in
construction materials, chosen for their specific functions. All substance groups are further
described in chapter “Source mapping”, where the literature is systematically reviewed. The basic
information about the different chemical groups below, uses and effects, are found on ECHA
website. Further references are found at the end of the report.

Phthalates and alternatives (plasticizers) are a group of chemicals used to increase the flexibility of
plastics in a variety of consumer products, including flooring, cables, and wall coverings. Their ability
to leach into the environment and affect human health makes them a substance of concern.
Phthalates are documented to be widespread in indoor environments. Several substances within the
group are toxic for reproduction and have endocrine-disrupting effects.

Per- and Polyfluoroalkyl Substances (PFAS) are used in a multitude of applications for their
resistance to heat, water, and oil. The persistency and ubiquity of PFAS in the environment, as well
as their ability to remain in water and soil for extended periods unaltered, raises significant concerns
about their long-term environmental impact.

Bisphenols is a group of chemicals used mainly during synthesis and as functional additives in the
compositions of various plastics and chemical products. Bisphenol A (BPA) is the most well-known
bisphenol mainly used for polycarbonate plastic and epoxy resin production. Other notable
compounds are bisphenol F, S, AF, which are frequently used to replace BPA. BPA is a proven
endocrine disruptor (ED). BPAF, BPB, BPF, and BPS have been shown to exhibit estrogenic and/or
anti-androgenic activities similar to or even greater than that of BPA.

Organophosphate esters (OPEs) are primarily used as flame retardants and plasticizers in various
consumer products, including construction materials. These substances are linked to adverse health
effects, especially in enclosed environments. The OPE TCEP is on the candidate list due to its SVHC
properties and is replaced by other OPEs, for example TCPP and TDCP.

Brominated Flame Retardants (BFRs) are a group of chemicals commonly used to reduce the
flammability of materials such as electronics, textiles, construction materials and furniture. Their
environmental concern stems from their persistence and bioaccumulation, potentially leading to
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neurological and endocrine disruption. In the environment higher brominated compounds can
degrade due to sunlight producing lower brominated compounds explaining the prevalence of lower
brominated congeners in the environment.

Diuron, triazines, and isothiazolinones (biocides infon wood and facade coatings). Biocides are
substances used in chemical products / construction materials to prevent biological growth such as
moulds and fungi. While effective, they can pose risks to the environment and to human health by
causing allergies and contribute to biocide resistance in microbial populations.

Chlorinated Paraffins (CPs) are complex mixtures used as flame retardants and plasticizers in a wide
range of industrial applications, including the construction sector. They are categorized by their
carbon chain length and degree of chlorination. Concerns include their persistence,
bioaccumulation, and potential carcinogenic effects. These substances can leach out during the
lifecycle of the construction materials, contributing to environmental contamination.

Volatile Organic Compounds (VOCs) are a large group of chemicals that easily evaporate at room
temperature. Common sources in construction include paints, solvents, and adhesives. Health
effects can range from eye, nose, and throat irritation to more serious effects like liver and kidney
damage.

Metals, such as lead, cadmium, and mercury, may cause toxic effects, even when present in trace
amounts. Also, essential metals such as zinc or copper are toxic in high concentrations. Common
health effects of metals are for example damage to lungs, liver, kidneys and other internal organs,
carcinogenicity, reproductive problems, damage to fish gills and acute toxicity. Main concerns
related to heavy metals in construction and building materials are related to leaching to the
environment and toxicity to especially aquatic biota. Cadmium is restricted, but there are risks for a
scattered distribution and leakage since the compounds can occur in existing buildings. In addition,
cadmium is always present in varying concentrations in zinc, which means that wherever zinc is
emitted, cadmium is emitted with it. The metals copper and zinc are common in construction
material, functioning as cover sheets for roof and facades, but are also added for biocidal reasons, as
their respective cations have such properties.

In the following sections, we present:

i) An overview of the sources, pathways, and potential effects of the substance groups listed above
(source mapping).

ii) A summary of methods and matrices analysed by the 6 project partners.

iii) The most significant findings from the analytical screening investigations conducted in five
cities/regions around the Baltic Sea.

The five underlying screening reports from our project partners, containing more detailed and
localised data, are included in the Annex to this report.

Turku: Stormwater (Appendix 1)
Helsinki: Stormwater and construction material (from a construction site) (Appendix 2)
Tallinn: Construction material (from a hardware store) (Appendix 3)

Vasteras: Stormwater, preschool air and dust, construction material (floor material from preschools)
(Appendix 4)

12
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Stockholm: Preschool dust (Appendix 5A), stormwater (Appendix 5B), wastewater (Appendix 5C),
construction material (paint for outdoor use and roof material from a hardware store (Appendix 5D),
sheet material from a construction site (Appendix 5E), and floor material from schools and
preschools (Appendix 5F)

13
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Source mapping

Substance Flow Analysis (SFA) quantifies the stocks and flows of chemicals within a defined system,
such as a geographic region or technical system, over a specified period, usually a year. SFA includes
inflows (e.g., imports and production), flows within the system (processing and end-use), emissions
to the environment, and outflows to external recipients (e.g., exports or landfills). Sometimes, SFA
also considers the environmental distribution of substances.

In this project, the SFA was limited to mapping products and materials from which hazardous
substances (HS) are released and identifying their primary distribution pathways into targeted
matrices during the screening exercise. A literature search for each substance group helped
determine the relevant matrices for analysis, with key sources listed in the tables below. For a
proper SFA these findings would be followed by a quantification of stocks and emissions from each
material or product type.

Substances can emit to both indoor and outdoor environments through various pathways. This
project selected several substances from different groups to be analysed in multiple matrices, aiming
to illustrate the primary distribution pathways within the indoor and outdoor environment targeted
in the NonHazCity 3 project. For VOCs, the problems related to emissions from construction
products are mainly seen in the indoor environment. Figure 1 depicts these pathways, including
exposure routes for humans.

Figure 1. An illustration showing the pathways and fate of pollutants, both in the environment and regarding human
exposure.

This chapter provides information about selected sampled substance groups, identifies construction
products that may contain these substances, and outlines their pathways to indoor and outdoor
environments.

14
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General pathways from construction products in indoor environments include emissions to indoor
air and dust, with dust potentially incinerated with waste or emitted into wastewater. From
wastewater, substances can reach surface water and sludge; if sludge is used on farmland, it can
contaminate groundwater. Storm water and outdoor air contamination can lead to surface water
and sediment pollution. Human exposure can occur via indoor and outdoor air, dust, and, in some
cases, drinking water. Substances primarily reach the environment through stormwater and
wastewater. See Figure 2 below.

Source map of general pathways

Figure 2. The general pathways for substances to emit to the indoor and outdoor environment.

The chapters below describe the substance groups in terms of use, effects, exposure, and legislation.
Each chapter includes a literature study showing where substances can be found in different
matrices, with relevant studies or reports listed in a table. Source maps were created based on this
information and previous research and findings in the NonHazCity 3 Catalogue report. After the
source map with pathways in each chapter there is a short summary of the results from this
investigation. To read more about the results, see the result chapter.

Recycling materials poses challenges; it is difficult to reuse or recycle products containing hazardous
substances, and the content of old products can be hard to determine.

Phthalates

Use

Phthalates are a group of chemicals based on the same chemical structure and properties, produced
in large volumes. Most phthalates are added to plastic to improve its softness, flexibility, and
resilience. Phthalates are primarily used to plasticize PVC, with the phthalate content reaching up to
50%. PVC is considered a low-maintenance material with good characteristics, but it often contains
hazardous additives such as phthalates. Since phthalates do not bond to the materials they are
added to, they migrate from the material to water and dust, causing adverse health effects to both
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humans and the environment. Even though there are phthalate-free plasticizers available today,
phthalates are still used in many products. Phthalates are found in cosmetics, personal care and
household products, food packaging, toys, electronics, construction materials, and medical devices.

Within this NonHazCity 3 project, the focus is on building and construction materials. Products that
may contain phthalates include flooring materials, roofing materials, water pipes, facade panels,
cables, carpets, window frames, gutters, coatings, sealants, and many others.

Adverse effects

Phthalates can cause adverse health effects upon exposure; several substances within the group are
toxic for reproduction and endocrine-disrupting according to chemical legislation (CLP, 2024). The
chemical structure of the group is similar to the female sex hormone oestrogen, which can, among
other things, affect male reproductive development and decrease sperm count and quality (Swedish
Chemicals Agency, 2015).

Legislation

Many phthalates have harmonised classifications in the EU legislation CLP, and about 20 substances
are on the candidate list, meaning they are Substances of Very High Concern according to the EU
chemical legislation REACH. Several phthalates are also included in REACH Annex XVII as substances
with restricted use in toys and childcare articles.

For a long time, diethylhexyl phthalate (DEHP) was the most produced phthalate, but it is now
restricted. It has been partly replaced by diisononyl phthalate (DINP) and diisodecyl phthalate
(DIDP), which are commonly used today.

Exposure

As stated in the Catalogue, humans are exposed to phthalates through the skin when they touch
products containing phthalates. Another pathway is through dust when phthalates adsorb to dust
particles, which can be inhaled. Phthalates can also leach into stormwater in the outdoor
environment from surface layers on buildings. They can also emit into the air and then be deposited
into stormwater.

Phthalates have also been detected in wastewater. Table X shows examples of studies where
phthalates have been detected in different matrices. According to the monitoring of DEHP in
wastewater sludge in Stockholm, the occurrence of DEHP in wastewater sludge has greatly
decreased from 2002 to 2022 (Stockholm city, 2024).

Source mapping and measured occurrence

In scientific papers, phthalates have been found mainly in the indoor environment, in dust and air.
However, they have also been found in stormwater and wastewater sludge. Several examples of
papers showing these findings are listed in Table 1.

Correlations have been found between the amount of phthalates in materials and the
concentrations found in dust and indoor air, according to a Swedish report measuring the substances
in materials and in dust/air in three preschools in Sweden (Langer et al. 2020). A clear correlation
was found when comparing phthalate concentrations in materials and dust in preschools before and
after renovating the surface layers. The same correlation was found regarding phthalates in
materials and indoor air in these preschools. The results show that when the concentrations of
phthalates heavily decrease in materials (flooring, etc.), they also decrease in dust and air.
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Table 1. Examples of studies that have detected phthalates in storm water, indoor air, dust, wastewater and wastewater

sludge.

Matrix

Dust in
preschools

Dust in
preschools
Dust in
preschools

Dust in
preschools

Dust in offices

Dust in homes

Indoor air in
preschools
Indoor air in
preschools

Indoor air in
homes

Storm water
Storm water
Storm water

Wastewater
sludge

Substances
analysed

DEHP, BBzP, DnBP,
DiBP, DEP, DMP,
DiNP, DPHP and
DiDP

DEHP, DiBP, DnBP,
DiNP, DiDP

DMP, DEP, DNBP,
DIBP, BBzP, DEHP,
DPP, DiNP, DiDP
DiBP, DnBP, BBzP,
DEHP, DMP, DEP,
DiNP, DiDP, DPHP
DMP, DEP, DNBP,
DIBP, BBzP, DEHP,
DPP, DiNP, DiDP
DMP, DEP, DNBP,
DIBP, BBzP, DEHP,
DPP, DiNP, DiDP
DEHP, DiBP, DnBP,
DiNP, DiDP

DiBP, DnBP, BBzP,
DEHP, DMP, DEP,
DiNP, DiDP, DPHP
DMP, DEP, DiBP,
DnBP

DEHP, DiNP, DiDP
DEHP, DiNP, DiDP

DEHP
DEHP

Reference
Larsson et al. 2017

Langer et al. 2021

Christia et al. 2019

Langer et al. 2020

Christia et al. 2019

Christia et al. 2019

Langer et al. 2021

Langer et al. 2020

Sakhi et al. 2019

Miller et al. 2019
Miller et al. 2022

Nickel et al. 2021
Stockholm City
Environmental
barometer
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Comment

Highest levels:
DEHP and DiNP

Highest levels:
DiNP

Highest levels:
DiNP, DHPP

Highest levels:
DiNP, DEHP and
DiDP

Highest levels:
DiNP, DEHP

Highest levels:
DiNP, DEHP

Highest levels: DiBP
and DnBP

Highest levels:
DiBP, DnBP, DEHP

Highest levels: DEP
and DiBP

Highest levels:
DINP
Highest levels:
DINP

DEHP levels have
decreased from
~90 to

~ 15 ug/g from
2005 to 2022.

Country
Sweden

Sweden

Sweden
Sweden
Sweden,
Netherlands
Netherlands,
Ireland,
Belgian

Sweden

Sweden

Norway

Sweden
Sweden

Germany
Sweden
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Source map of phthalates

Figure 3. A Source map showing the sources of phthalates in construction products and the pathways into different
reservoirs in the indoor and outdoor environment.

Figure 3 illustrates how a source map can illustrate the spread of phthalates from construction
products to the environment. The grey boxes show common sources of phthalates in construction
products in Europe. The substances are found mainly in dust and air in the indoor environment and
in stormwater in the outdoor environment. Typically, dust is vacuumed or cleaned and ends up in
wastewater or is incinerated. From the wastewater, phthalates can end up in surface water or
sludge, and in some countries, the sludge is spread on farmland. Phthalates in groundwater can end
up in surface water and from surface water phthalates can end up in e.g. the sediment.

Results from the sampling
In short, phthalates have been sound in the sampling in this investigation both in dust, stormwater
and in material samples.

Phthalate (and alternative plasticizer) analysis was conducted on preschool dust samples collected in
Stockholm and Vasteras, with a total of 26 samples. A broad range and distribution of plasticizers
were observed. Typically, Stockholm recorded the highest concentrations of DINP (1035 pg/g) and
DINCH (1034 ug/g), whereas Vasteras had the highest concentrations of DEHT (1015 pg/g). A few
preschools exhibited high levels of DEHP, in Stockholm 282 ug/g and in Vasteras 784 ug/g.

Phthalate analysis was conducted on stormwater samples collected from Stockholm, Vasteras,
Turku, and Helsinki. The highest concentration was observed in Helsinki (DINP 1.7 pg/L), while the
lowest concentration was noted in Stockholm, where no phthalates were quantified.

Construction materials were collected in four cities: Stockholm, Vasteras, Tallinn, and Helsinki. PVC
contained various plasticizers (13-20% DINP, DINCH, DEHT, DIDP).
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PFAS
Use
Per- and polyfluoroalkyl substances (PFAS) are polymeric and non-polymeric chemicals comprising
more than 10,000 individual compounds. The group can be categorised into the following sub-
groups:

e “Classic” PFAS and their precursors (like PFOA and PFOS)

e Fluoropolymers: polymers made of fluorinated monomers (plastics)

e F-gases: fluorinated gases that have a high global warming potential
PFAS have several useful properties, making them widely used for various industrial and engineering
applications or the manufacture of consumer goods. PFAS are resistant to heat, radiation, and
weathering; they are chemically inert and repel stains. Due to these properties, they are commonly
used for surface treatments, industrial processes, and numerous other applications.
In construction materials, PFAS are used in textiles including carpets and upholstery, wood boards,
OSB and chipboards, insulation materials, electronic equipment, floorings such as resilient linoleum
and laminated plastic floor coverings, plastic piping, mounting foams, indoor and outdoor paints,
plaster, coatings, sealants, and architectural foils.

Adverse effects

Due to the very strong carbon-fluorine bond, PFAS are extremely resistant to degradation, earning
them the moniker “forever chemicals”. Many PFAS are also mobile in the environment and can be
found in surface and groundwater, soil, sediment, and biota. Some PFAS are bioaccumulative,
meaning that the concentration of PFAS increases in organisms over time, contaminating food
chains. Known adverse effects of PFAS include endocrine disruption, reproductive toxicity,
carcinogenicity, liver toxicity, and immunosuppression. The toxicological profiles of many PFAS have
not been studied, but many are suspected to have similar adverse effects to those that have been
studied.

Legislation

Currently, PFOS, PFOA, PFHxS, and their salts and related compounds are globally regulated under
the Stockholm Convention on Persistent Organic Pollutants. Long-chain PFCAs (carbon chain length 9
to 21) have been proposed for addition to the Convention for global elimination. In the EU, PFCAs
(C9-14), their salts, and precursors are restricted. Additionally, several PFAS, such as PFBS, PFHXxS,
and PFHpA, are on the REACH Candidate List of Substances of Very High Concern. A proposal for a
group-based ban on PFAS, including fluoropolymers, is currently being processed in the EU.

Exposure

The main exposure route of PFAS for humans is through food and drinking water, where PFAS end up
via industrial and domestic wastewater, stormwater run-off, atmospheric deposition, and direct
emissions (e.g., from aqueous film-forming foams (AFFFs) used in firefighting). Exposure can also
occur through inhalation of dust or volatile PFAS in the air or absorption through the skin.

Source mapping and measured occurrence

PFAS are used in a variety of outdoor and indoor building materials. From indoor materials, PFAS
can be released into dust or indoor air (volatile compounds). Outdoors, PFAS can enter soils or
surface and groundwater through runoff or be released directly into the air. In addition to
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construction materials, PFAS are used in a variety of other consumer products and industrial
processes, where they can be released into the environment.

Table 2. A selection of studies that have detected PFAS in indoor air, dust, storm water, wastewater and biota.

Matrix
Dust in homes

Indoor air in homes

Dust in preschools

Stormwater

Wastewater sludge

Wastewater effluent

Surface water

Soil

Bird eggs

Marine mammals

Terrestrial mammals

Fish

Substances analysed

PFSAs, PFCAs, PFPAs,
PAPs, FOSAs, FOSEs,
FTOHs, PFOSAs

Precursors of PFAAs

PFSAs, PFCAS, PAPs,
FOSAs

PFSAs, PFCAs

Ultrashort PFAS, PFCAs,
FTSAs, FTCAs, PAPs,
PFSAs, FOSAs, PFPAs,
PFPiAs, EOF

Ultrashort PFAS,
PFPiAs, PFPAs, PFSA
and PFCA precursors,
PFCAs, PFSAs, EOF

Ultrashort PFAS,
PFPiAs, PFPAs, PFSA
and PFCA precursors,
PFCAs, PFSAs, EOF
PFCAs, PFSAs, FTSA,
FOSA, FOSAA, diPAPs,
doSAmPAP, FOSEs, TOP
assay

Ultrashort PFAS,
PFPiAs, PFPAs, PFSA
and PFCA precursors,
PFCAs, PFSAs, EOF
Ultrashort PFAS,
PFPiAs, PFPAs, PFSA
and PFCA precursors,
PFCAs, PFSAs, EOF
Ultrashort PFAS,
PFPiAs, PFPAs, PFSA
and PFCA precursors,
PFCAs, PFSAs, EOF
Ultrashort PFAS,
PFPiAs, PFPAs, PFSA
and PFCA precursors,
PFCAs, PFSAs, EOF

Reference

Poothong et al, 2020. de
la Torre et al. 2019

Poothong et al, 2020

Giovanoulis et al. 2019

Vahtera et al. 2022.
Nickel et al. 2021

Fredriksson et al. 2022,
Karrman et al. 2019

Karrman et al. 2019,
Nickel et al. 2021

Karrman et al. 2019

Reinikainen et al. 2024,
Wellmitz et al. 2023,
Sorengard et al. 2022

Karrman et al. 2019

Karrman et al. 2019

Karrman et al. 2019

Karrman et al. 2019

Comment

Highest exposure to
and prevalence of
perfluoro carboxylic
acids

Highest exposure to
precursors of PFOA and
PFOS through air
Highest concentrations
of diPAPs

Predomination of
precursor and
intermediate PFAS,
temporal decline in C8
PFAS

PFCAs, PFSAs and
ultrashort PFAS
dominating

Highest concentrations
for PFCAs and PFSAs
over other groups of
PFAS

Highest concentrations
for PFCAs and PFSAs
over other groups of
PFAS

Highest concentrations
for PFCAs and PFSAs
over other groups of
PFAS

Highest concentrations
for PFCAs and PFSAs
over other groups of
PFAS

Highest concentrations
for PFCAs and PFSAs
over other groups of
PFAS

Country

Norway, Belgium,
Italy, Spain

Norway

Sweden

Finland, Germany

Sweden, Faroe
islands, Norway,
Denmark, Finland

Greenland, Iceland,
Faroe islands,
Norway, Denmark,
Sweden, Finland,
Germany
Greenland, Island,
Faroe islands,
Norway, Denmark,
Sweden, Finland
Sweden, Germany,
Finland

Greenland, Iceland,
Faroe Islands,
Sweden

Greenland, Faroe
islands, Denmark

Greenland, Iceland,
Sweden, Finland

Greenland,
Denmark, Norway,
Sweden, Iceland,
Faroe islands,
Norway, Denmark,
Sweden, Finland
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Source map of PFAS

Figure 4. A Source map showing the sources of PFAS in construction products and the pathways into different reservoirs in
the indoor and outdoor environment.

Figure 4 illustrates how a source map can depict the spread of PFAS from construction products. The
grey boxes show some common sources of these substances in construction products in Europe.
PFAS are found in various matrices such as indoor dust, indoor air, surface water, wastewater,
sediment, and biota.

Results from the sampling

In short, PFAS were analysed and found in several matrices in this investigation. In stormwater, PFAS
samples were taken in Stockholm, Vasteras, Helsinki, and Turku. The highest concentrations were
found in Stockholm, except for one spot in Helsinki. In Vasteras, the concentrations were low.

Only Stockholm took samples in wastewater, and 11 PFAS substances were analysed. They were
found to be prevalent within a concentration range from LOQ to 30 ng/L.

PFAS in dust was analysed in preschools in Stockholm and Vasteras, with 26 samples taken. A broad
range and distribution of PFAS substances were observed.

Bisphenols

Use

Bisphenols are a group of high-production volume chemicals used for a wide range of applications,
mainly during synthesis and as functional additives in various plastics and chemical products.
Bisphenol A is the most well-known chemical from this class. Its major uses are the production of
polycarbonate plastic and epoxy resins (more than 95% of all Bisphenol A). Other notable
compounds include Bisphenol F, S, AF, and TBBPA.
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Recently, BPA has been regulated, leading to alternatives such as BPS, BPF, BPAF, and TBBPA being
among the main substitutes, although their endocrine-disruptive potential is suspected to be of
comparable magnitude.

In the construction sector, sources of bisphenols include polycarbonate plastic materials such as
polycarbonate roofing sheets (porch/veranda, conservatory, greenhouse glazing), epoxy resins
(composite floor coatings, fluid-applied flooring, metal coatings, other composites, reinforced
concrete, high-performance coatings), PVC plastic (and its products, such as PVC floorings, roofing
membranes, wall cladding, piping, etc., (Lamprea et al., 2018), layers in plastic products, sealing
membranes, electric and electronic equipment, recycled plastic, and other plastic products.

Adverse effects

As described in the Catalogue (NHC3, 2023), BPA is a proven endocrine disruptor (ED). It is toxic to
reproduction and causes negative developmental and neurological effects in humans. BPA is also
toxic to aquatic life. BPA readily degrades in the environment but, since it is used and emitted in
such high amounts, it occurs in many environmental matrices. Health concerns for many bisphenols
are similar. Many BPA analogues exhibit endocrine-disrupting effects, cytotoxicity, genotoxicity,
reproductive toxicity, dioxin-like effects, and neurotoxicity in laboratory studies. In the environment,
bisphenols have adverse ED and PBT/vPvB properties. BPAF, BPB, BPF, and BPS have been shown to
exhibit estrogenic and/or anti-androgenic activities similar to or even greater than that of BPA (Chen
et al., 2016).

Legislation

In 2021, ECHA assessed 148 bisphenols and bisphenol derivatives as a group of chemical
compounds. It was found that 34 bisphenols may need to be restricted under the EU’s chemicals
legislation, REACH, as they may interfere with hormonal systems and affect reproduction. Presently,
BPA use restrictions are limited to thermal paper, drinking bottles for children, and food contact
materials.

As of 2024, several bisphenols are included in the list of Substances of Very High Concern, including:
BPA (CAS no.: 80-05-7); BPS (CAS no.: 80-09-1); BFB (CAS no.: 77-40-7); TBBPA (CAS no.: 79-94-7).

Exposure

Although dietary intake is considered the main exposure route for BPA, it can also be absorbed
through the skin due to contact with polycarbonate products or via inhalation of BPA with air and
dust in the indoor environment. BPA has a tendency to bind to dust/particulate matter and has
been detected in the indoor environment (Hahladakis et al., 2022). The quality of indoor air is a
concern due to BPA's association with dust particles. Ingestion and inhalation of dust are important
exposure routes, especially for young children and toddlers. Occupational exposures to BPA via
inhalation pose a great risk. Workers in BPA handling factories can be considered the highest risk
group compared to the general population (Vasiljevic et al., 2021).

Other bisphenols such as TBBPA, BPF, and BPS occur widely in household dust at notable
concentrations, suggesting significant exposure to these chemicals. BPAF, BPAP, BPP, and other
bisphenols are also detected but at much lower concentrations (Wang et al., 2015).

BPF and BPS have a potency similar to BPA for estrogenic, anti-estrogenic, androgenic, and anti-
androgenic activities (Rochester et al., 2015).
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Source mapping and measured occurrence
BPA is the most investigated bisphenol as it is the most widely used and widespread. Thus, regarding
the fluxes and reservoirs of bisphenols, scientific literature mostly reports on BPA.

Scientific studies report that bisphenols (BPA, BPF, BPAF, BPS, TBBPA, and others) are present in
household dust due to emissions from various plastic household items, electric and electronic
equipment, and construction materials. Regarding building exteriors, BPA has been reported to leach
from construction materials by rain, contributing to environmental contamination. It is found in
influent wastewater and also in treated wastewater. It is also detected in sewage sludge, to which it
has an affinity. Household waste is a potential source of bisphenols. They may be released from
waste sorting/treatment operations, as well as through weathering and the breakdown of waste and
litter. In fact, plastic littering is a significant source of bisphenol occurrence in the marine
environment.

Studies report that BPA can be released into the atmosphere via fugitive environmental emissions
into air and water from landfills and waste treatment plants, as well as uncontrolled burning of
household waste (including building waste). Landfilling is the greatest source of BPA into
groundwater through landfill leachates. Although BPA has a short half-life in air, it has an affinity for
particulate matter/dust. Thus, atmospheric transport of dust is a viable mechanism for the long-
range transport of BPA, as it is detected in remote locations.

Table 3. Examples of studies that have detected bisphenols in construction materials, indoor air, dust, surface water,
sediment, sewage sludge, and other matrices.

Substances
Matrix analysed
Reference Comment Country
Construction BPA Lamprea, K., et al., Found in PVC materials, elastomeric France
materials, 2018. membranes, high performance coatings,
stormwater. polycarbonate materials. Leaching tests
with water.
Plastic waste BPA Hahladakis et al. 2022. Review study. Plastic waste management Quatar
emissions into air, — an important pathway of BPA into air
dust, groundwater, and groundwater (from waste
marine, surface management sites, landfills).

water.

Indoor air and BPA, BPS, BPZ, Vasiljevic et al. 2021. Review study on bisphenol properties  |Canada

dust, outdoor air  BPAF, BPAP, sources and levels in indoor and outdoor

and dust BPP, TBBPA air.

Household dust BPF, BPA, BPB, Wang et al. 2015. Measure of different bisphenols in us
BPS, BPZ, BPAP, household dust in 12 countries.
BPAF, BPP,
TBBPA.

Landfill leachates BPA Urase et al. 2003 BPA detected in landfill leachates. Japan
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Air (aerosols) Fu et al. 2010. Bisphenol A in the atmosphere Japan

Indoor dust, BPA, BPS Qiu et al. 2019 Review study on BPA and BPS occurrence China

surface water, in various matrices, including

sediment environmental matrices.

Wastewater, BPA Mohapatra et al. 2011. |Investigation of occurrence of BPA in Canada

sewage sludge influent, effluent wastewater and sludge.

Surface water, BPA Staples et al. 2018 Long term BPA analysis in surface water Europe, North
and sediment. America.

Sediment

Source map of bisphenols

Figure 5. A Source map showing the sources of bisphenols in construction products and the pathways into different
reservoirs in the indoor and outdoor environment.

Figure 5 shows how a source map can illustrate the spread of bisphenols from construction
products. The grey boxes show common sources of these substances in construction products in
Europe. Bisphenols are found in various matrices such as indoor dust, indoor air, surface water, and
sediment.

Results from the sampling

In short, bisphenol analysis was mainly conducted in dust in this investigation. A total of 26 samples
were taken from preschool dust in Stockholm and Vasteras. All samples showed the prevalence of
bisphenols, with the highest concentrations of BPA in Stockholm and TBBPA in Vasteras.
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Organophosphate esters (OPEs)

Use

Organophosphate esters (OPEs) possess flame retardant properties and are used as substitutes for
restricted brominated flame retardants. They are added to various materials, including construction
materials, to reduce flammability. These substances can also be used as plasticizers. They do not
form a chemical bond with the products they are added to, which means they can spread into the
environment. As written in the Catalogue (NHC3, 2023), OPEs are used in construction products,
e.g., as flame retardants in PVC plastics, polyurethane (PUR) materials, foams and sprays, furniture,
textiles, and electronic equipment. OPEs can also be used as plasticizers in floor polishes, coatings,
thermoplastics, and epoxy resins.

Adverse effects

The most discussed OPEs are the chlorinated ones. They have been associated with adverse effects
such as neurotoxicity, developmental toxicity, damage to reproductive function, endocrine
disruption, carcinogenicity, as well as bioaccumulation and persistence in the environment.

Presence and exposure

These compounds are pollutants commonly detected in a variety of environmental matrices,
including the atmosphere, surface water, indoor air, dust, sediments, and soil. Humans are exposed
to OPEs through routes such as skin contact, ingestion, and inhalation. Three chlorinated OPEs -
TCEP, TCIPP, and TDCIPP - are restricted for use in children's toys in the European Union.

Source mapping and measured occurrence

In scientific papers, OPEs are mainly found in dust and indoor air. Several examples of papers
showing these findings are listed in Table 4. Correlations were found between the amount of OPEs
in materials and the concentrations found in dust and air, according to a Swedish report measuring
the substances in materials and dust in three preschools in Sweden (Langer et al., 2020). This was
particularly evident when analysing OPEs in materials and dust/indoor air in a preschool before and
after renovating the surface layers. The results show that the concentration of OPEs drastically
decreased both in materials (flooring, etc.) and in dust/air.

Correlations were also found between OPEs in other types of materials and indoor air. Levels of
some emerging BFRs and OPEs decreased significantly in indoor air and dust in childcare centres
when flame-retarded nap mats were replaced with FR-free alternatives (Stubbings et al., 2018). In
another study, Liang et al. (2017) investigated detailed migration pathways of OPEs from insulation
materials into indoor environments.
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Table 4. Examples of studies that have detected OPE in mainly indoor air and dust.

Matrix

Dust in preschools

Dust in preschools

Dust in homes
and preschools

Dust in preschools

Dust

Indoor air

Indoor air in
preschools

Indoor air

Indoor air in
homes and
preschools

Substances analysed

TCEP, TCPP, TDCPP,
TBOEP, TPhP

TCEP, TCPP, TDCPP,
TBOEP, TPhP

TIBP, TNBP, TCEP, TCIPP,
TDCIPP, TBOEP, TPHP,
EHDPP, TEHP, TMPP

TBEP, TCPP, TPhP

TBOEP, TCIPP TiBP,
TnBP, TEP, TCEP, TDCPP,
TCPP and more

TBEP, TCPP, TPhP

TiBP, TnBP, TEP, TCEP,
TDCPP, TCPP and more

TEP, TIBP, TBP, TCEP,
TCPP, TBOEP, TPhP,
EHDPP

Reference

Langer et al. 2020

Langer et al. 2021

Langer et al. 2016

Fromme et al.
2014

Zhou et al. 2017a

Langer et al. 2021

Fromme et al.
2014

Zhou et al. 2017a

Langer et al. 2020

Comment

Highest levels found of
TBOEP, TCEP and TDCPP

Highest levels found:
TCEP, TDCPP, TBOEP

Highest levels found:
TBOEP and TCEP

Highest levels found:
TBEP.

Highest levels found:
TBOEP and TCIPP

Highest levels found:
TBEP.

Highest levels found:
TCPP, TiBP, TnBP.

Highest levels found of
TIBP, TCEP and TCPP

Country

Sweden

Sweden

Denmark

Germany

Germany

Germany

Germany

Sweden
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Source map of organophosphate esters

Figure 6. A Source map showing the sources of OPEs (organophosphates) in construction products and the pathways into
different reservoirs in the indoor and outdoor environment.

Figure 6 shows how a source map can illustrate the spread of OPEs from construction products. The
grey boxes show some common sources of phthalates in construction products in Europe. OPEs are

found in dust and indoor air within indoor environments. Typically, dust is vacuumed or cleaned and
ends up in wastewater or is incinerated. Liang et al. (2017), in their study published in the Journal of
Hazardous Materials, detailed the migration pathways of OPEs from insulation materials into indoor
environments such as indoor air.

Results from the sampling

In short, OPE analysis was conducted on stormwater, wastewater and materials in this investigation.
Stormwater samples were collected from Stockholm, Vasteras, Turku, and Helsinki. TCPP was
detected at low concentrations in Stockholm (four locations), Turku (all locations), and Helsinki (one
location), but it was not found in Vasteras. TCPP is known for its use as a flame retardant in
construction products such as foam materials. In BVB, TCPP is found in about 50 products at
concentrations of 3-20%, mostly in foam/polyurethane products such as foam plastic insulation,
joint foam, and intumescent sealant.

Wastewater sampling was conducted in Stockholm. Among the OPEs detected, TCPP was identified
as the most abundant.

Among the construction materials collected in four cities—Stockholm, Vasteras, Tallinn, and
Helsinki—TCPP was only found in an insulation material collected in Tallinn (3.7% TCPP).

Brominated flame retardants

Use
Brominated flame retardants (BFRs) are a group of halogenated organic chemical compounds used
as additives in various consumer and industrial products, including construction materials, to reduce
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flammability and retard the spread of fire. This is sometimes necessary to meet national or
international fire safety requirements.

Historically, major chemicals in this group have included polybrominated diphenyl ethers (PBDEs),
hexabromocyclododecane (HBCDD), and tetrabromobisphenol-A (TBBPA). Currently, the most
hazardous BFRs have largely been replaced by organophosphate flame retardants (OPFRs), but other
non-restricted BFRs remain on the market. BFRs still in use include tetrabromobisphenol-A (TBBPA)
and some other novel brominated compounds. Legacy flame retardants are still found in plastic
products as they enter the market through the recycling of old plastic products.

BFRs are found in polystyrene (EPS and XPS) insulation (particularly HBCDDs), other insulation
materials, mounting and sealing foams, elastomeric foams, polyurethane foams, floor coverings,
various plastic products, electronic equipment, furniture, household textiles and upholstery, and
materials made from recycled plastic, polycarbonate, and epoxy resins.

Adverse effects

As detailed in the Catalogue (NHC3, 2023), many PBDEs and HBCDDs are persistent, mobile, and
toxic chemicals with bioaccumulative properties. Many BFRs currently available on the market are
suspected to have carcinogenic, mutagenic, and/or endocrine-disruptive properties.

Legislation

e The use of pentaBDE (EC 251-084-2) and octaBDE (EC 251-087-9) was banned in the EU in
2003, followed by decaBDE (EC 214-604-9).

e In 2010, tetra-, penta-, hexa-, and heptaBDE were banned under the POPs Regulation, with
decaBDE added later.

e HBCDD and its major diastereoisomers were included in the REACH Authorisation list in
2011 and also banned under the POPs Regulation.

e Recently, TBBPA (EC 201-236-9) and BTBPE (EC 253-692-3) have been identified as SVHCs
due to their carcinogenicity and potential vPvB properties, respectively.

e In 2011, the RoHS Directive introduced restrictions on polybrominated biphenyls (PBB) and
polybrominated diphenyl ethers (PBDE) in electrical and electronic equipment (ECHA, 2023).

However, some novel BFRs are in use today and can be found in indoor environments (Fromme et
al., 2014), as well as old BFRs, since they enter the raw material cycle through the recycling of plastic
products.

Exposure

Main human exposure routes to BFRs are through dietary intake, while indoor sources of BFRs also
contribute to daily exposure through ingestion of dust and inhalation of dust and air (Fromme et al.,
2016). BFRs can be released from construction materials through abrasion or volatilisation. Due to
their persistence and high volumes used, elevated concentrations are found globally in the
environment, despite restrictions on their production and use. PBDEs have the potential for long-
range atmospheric transport and have been detected in the Arctic and other remote areas (Moller
etal., 2011).

Source mapping and measured occurrence
Scientific studies report that BFRs are present in the indoor environment, found in household dust
and air, with construction materials being one of their sources. Main routes of exposure to BFRs
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from construction materials are through inhalation and ingestion of dust and indoor air. BFRs are
also ubiquitous in the environment and found even in remote areas (e.g., Arctic). Studies reveal that
certain measures, such as cleaning patterns and the removal of household items, can significantly
affect indoor dust concentrations (Sugeng et al., 2018).

Table 5. Examples of studies that have detected BFRs in construction materials, indoor air, dust, surface water, sediment,

and sewage sludge.

Matrix

Substances analysed

Reference

Comment

Country

Household equipment, PBDEs, HBCDDs, novel  |Vojta et al. 2017
construction materials. BFRs (NFRs), such as

TBBPA

Significant concentration |Czech Republic
of BFRs found in almost all

matrixes analysed. Waste

sorting and waste disposal

Freshwater samples,
freshwater sediment
and freshwater biota.

Atmosphere (air
samples), sewage
sludge, aquatic and
surface sediments,
terrestrial and aquatic
biota

PBDEs, HBCDDs, novel
brominated FRs (NBFRs)

PBDEs, HBCDDs, novel
brominated FRs (NBFRs)

Indoor dust and indoor PBDEs, bromobenzenes,

air.

novel BFRs

Indoor dust and indoor PBDEs, HBCDDs,

air.

decabromodiphenyl
ethane (DBDPE)

Indoor dust and indoor PBDEs, HBCDDs, novel

ailr.

Air and seawater in the PBDEs, NFRs (HBB, DPTE,

Arctic

Sewage sludge

brominated FRs (NBFRs)

PBT).

PBDEs, TBBPA

Igbal et al. 2017

Law et al. 2006

Venier et al. 2016

Wembken etal. 2019

Malliari et al. 2017

Moller et al. 2011

Oberg et al. 2002

sites are a significant
pathway for BFR
contamination.

A review study that
reviews many previous
investigations.

A review study that
reviews many previous
investigations.

Measurable and even

significant concentrations

of BFRs are found.

Measurable and even

significant concentrations

of BFRs are found.

A review study that
reviews many previous
investigations.

BFRs detected in air and
seawater samples

Main sources of BFRs in

sewage sludge are certain

industries.

Various (but
including Europe)

Europe

Czech Republic, US,
Canada.

Ireland, UK.

Worldwide

European Arctic
(East Greenland
sea)

Sweden
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Source map of brominated flame retardants

Figure 7. A Source map showing the sources of brominated flame retardants in construction products and the pathways into
different reservoirs in the indoor and outdoor environment.

Figure 7 shows how a source map can illustrate the spread of brominated flame retardants from
construction products. The grey boxes show common sources of these substances in construction
products in Europe. Brominated flame retardants are found in various matrices such as indoor dust,
indoor air, and freshwater.

Results from the sampling

In short, brominated flame retardants were found in dust in preschools in Stockholm and Vasteras.
In Vasteras, eight samples were taken and two substances were found in low concentrations. In
Stockholm, TBBPA was found in 15 of 19 dust samples, with a mean concentration of 0.19 pg/g.

Biocides
Use

Biocides are widely utilized in the construction industry to enhance the durability and functionality
of construction materials. Incorporated into paints, adhesives, wood products, and various coatings,
these chemical substances are engineered to prevent the deterioration caused by microorganisms
such as fungi, bacteria, and algae. While biocides are essential for preserving material longevity and
ensuring structural integrity, their application is not without significant environmental and health
considerations.

Biocides used in construction materials are designed to protect these materials from microbial
damage, yet their presence in the environment post-application raises significant concerns. This
section delves into how these substances enter and impact environmental systems, focusing on the
mechanisms of release, types of ecosystems affected, and the broader ecological consequences.
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Exposure
In construction, biocides serve multiple critical functions:

e Paints and Coatings: Biocides prevent the growth of mold and mildew on both interior and
exterior painted surfaces, maintaining aesthetic qualities and preventing material decay.

e Wood Preservatives: Wood treatments with biocides protect against rot and insect damage,
essential for structural components exposed to moisture and susceptible to biological attack.

e Adhesives and Sealants: The inclusion of biocides in these products prevents microbial
degradation, which can compromise the binding integrity and effectiveness of these materials
over time.

Biocides such as zinc pyrithione, copper-based compounds, and isothiazolinones are among the

common types used in these applications due to their broad-spectrum efficacy against a range of

microbial threats.

Adverse effects

e The ecological and health impacts of biocides from construction materials can be considerable,
affecting various aspects of the environment:

e Aquatic Toxicity: Many biocides are highly toxic to aquatic organisms. Studies have shown that
runoff containing biocides like triclosan and copper-based compounds can be particularly
harmful to fish, amphibians, and invertebrates, disrupting reproductive systems and affecting
biodiversity. For instance, research by Andrews et al. (2022) demonstrated that biocides in
runoff could cause sub-lethal effects in fish, such as changes in hormone levels and reproductive
behaviours.

e Soil Contamination: Biocides that leach into the soil can alter its chemical composition and
microbiota. This can affect soil fertility and the health of plants and animals that depend on soil
ecosystems. The accumulation of biocides in soil can also pose risks to human health through
direct contact or consumption of contaminated groundwater and crops.

e Air Quality and Human Health: The volatilization of biocides impacts indoor and outdoor air
quality, with potential health effects including respiratory problems, skin irritation, and other
allergic reactions. Continuous exposure to biocide-contaminated air in enclosed spaces has been
linked to increased risks of asthma and other respiratory conditions.

Legislation

The regulation of biocides in the European Union is primarily governed by the Biocidal Products
Regulation (BPR), which ensures that biocides are safe for use and do not pose unacceptable risks to
the environment. Despite stringent regulations, the persistence of biocides in the environment
indicates a need for enhanced enforcement and possibly stricter guidelines on the use and disposal
of biocide-containing materials.

The use of biocides in construction materials is subject to rigorous regulation, especially within the
European Union, where the Biocidal Products Regulation (BPR, Regulation (EU) No 528/2012) plays a
critical role in ensuring their safety and environmental compatibility. However, the ongoing
detection of biocides in environmental samples points to areas where regulatory frameworks may
need strengthening and where additional mitigation measures could be implemented.

Source mapping and measured occurrence
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Despite their benefits, the use of biocides in construction materials raises several environmental and
health concerns. Biocides can enter the environment through several primary pathways, each linked
to their use in construction:

e Leaching and Runoff: During rain events, biocides can leach from exterior construction materials
into the surrounding soil and waterways. This runoff can carry significant concentrations of
biocides, contributing to non-point source pollution that can disrupt aquatic ecosystems.
<>Biocides are often not permanently bound to the materials in which they are used, such as
paints and wood treatments. Over time, these substances can leach out due to weathering, rain,
or even routine cleaning processes. For example, biocides in exterior paints can wash off
building surfaces during rainstorms, entering stormwater systems and eventually aquatic
habitats.

e Volatilization: Volatile organic compounds (VOCs) in biocides can off-gas into indoor
environments, degrading air quality and posing health risks to building occupants. Prolonged
exposure to these compounds has been linked to respiratory issues, allergic reactions, and
other health problems. <> Some biocides, especially those used in indoor applications like paints
and sealants, can volatilize into the air during and after application. This contributes to indoor
air pollution and, when ventilated to the outdoors, can become part of the atmospheric
contaminant load affecting urban and rural air quality.

e Disposal and Degradation: Post-consumer disposal of construction materials treated with
biocides can lead to further environmental contamination. As these materials degrade in
landfills, biocides can leach into groundwater, posing long-term ecological and human health
risks. The end-of-life disposal of construction materials treated with biocides can also be a
significant source of environmental contamination. Materials discarded in landfills can degrade,
releasing biocides into landfill leachate, which may eventually contaminate groundwater or
surface waters.

Some examples of publications showing these findings are shown in Table 6.

Table 6. A selection of studies that have detected Biocides in indoor air, dust, storm water, groundwater etc.

Matrix Substances analysed Reference Country and comment

Surface biocides Andersson et al. 2019 = Chronic effects of biocides on Europe
water aquatic species and ecosystem

function
Surface biocides Andrews et al. 2022 Impact of biocides from Europe
water construction runoff on aquatic

ecosystems
Groundwat @ biocides Fisher, & Werschkun Leaching of biocides from Europe
er and soil 2020 construction materials: Risk to soil

and groundwater.

Surface biocides Harclerode et al. 2021 | Impact of biocidal wash-off from Europe
water buildings on urban water quality.
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Surface biocides Johnson et al. 2021 Acute and chronic toxicity of Europe
water construction material biocides in
aquatic environments.

Soil biocides Lee et al. 2020 Impact of biocides on microbial Europe
communities in soil.

Surface biocides Miller et al. 2021 Environmental impacts of biocide Europe
water leaching from construction
materials.
Indoor air biocides Zhang & Choi 2019 Indoor air quality issues related to China
the use of biocides in construction
materials.
Indoor air biocides Zhang, & Li 2019 Indoor air quality effects from the China

volatilization of biocide-containing
building materials.

surface diuron, isoproturon, Durak, et.al. 2021 The current biocide concentration Poland
water cybutryne, terbutryn standards in waters were exceeded

only in the case of cybutryne

samples from the Wista River, and

in the case of the Wistoka River,

they almost exceed the permissible

threshold.
soil, Methylisothiazolinone Novak et al. 2020 Methylisothiazolinone (MIT) occurs | Poland
wastewater = (MIT) in soil and sewage samples in

Poland.
soil, Methylisothiazolinone Bollmann et al. 2017 Biocides leach from the facade Denmark
stormwater | (MIT) material leading to highly polluted

runoff water (up to several mg L-1
biocides) being infiltrated into the
soil surrounding houses.

surface Biocides Paijens et al. 2021 Annual mass loads discharged in France
water the Seine River were higher for

WWTPs than CSOs.
surface Biocides Paijens et al. 2020 e|dentification of the most used France
water biocides in constructoin materials

eLeaching of biocides from
construction materials.

eTransport of the biocides and
occurence in the aquatic
environment.
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facade diuron and carbendazim @ Burkhardt etal. 2011 = Concentrations of diuron and Switzerland

runoff carbendazim in runoff were 7 and
0.7 mg/L respectively at the
beginning of the experiment, under
laboratory conditions. After the
equivalent of 6 years of rainfall in
the Swiss Plateau, concentrations
were up to two orders of
magnitude lower with 70 ug/L for
diuron and 40 pg/L for
carbendazim.

facade diuron Burkhardt et al. 2012 Under natural weather conditions, Switzerland
runoff concentrations of diuron in fagade

runoff were reported between 10

and 25 mg/L in the first months

and close to 2 mg/L after 1 year of

exposure.
facade Terbutryn Bollmann et al. 2016, Terbutryn was detected in a similar | Denmark,
runoff M1 TP of terbutryn and Burkhardt et al. 2012 = amount in and studies, from 1to 5

cybutryn. The four main mg/L in the first months to less Switzerland

TPs of terbutryn (i.e., than 1 mg/L after 1-year-exposure.

terbutryn sulfoxide, 2- The M1 TP of terbutryn and

hydroxy-terbutryn, cybutryn was also detected at up to

desethyl-terbutryn and 12 mg/L.

desethyl-2-hydroxy- The four main TPs of terbutryn

terbutryn). (i.e., terbutryn sulfoxide, 2-

hydroxy-terbutryn, desethyl-
terbutryn and desethyl-2-hydroxy-
terbutryn) in fagade runoff at
concentrations ranging from 0.05

to 1.5 mg/L.
facade oIT Bollmann et al. 2017 Concentrations of OIT ranged from | Denmark
runoff less than 20 pg/L to 14 mg/L and

six out the seven studied TPs were
detected in most of the samples, at
up to 8.8 mg/L for N-octyl oxamic
acid.

Roof runoff = Mecoprop Burkhardt et al. 2011 In roof runoff, concentrations of Switzerland
mecoprop varied fromfrom 1-10
ug/L and very high concentrations
(400 pg/L) were measured after a
long dry period in summer.

Roof runoff | Benzalkoniums Van de Voorde et al. For benzalkoniums, concentrations | Netherland
2012 in roof runoff (sum of C12 and C14 s
benzalkoniums) ranged from 5 to
30 mg/L immediately after
treatment.
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Source map of biocides

Figure 8. A Source map showing the sources of biocides in construction products and the pathways into different reservoirs
in the indoor and outdoor environment.

Figure 8 shows how a source map can illustrate the spread of biocides from construction products.
The grey boxes show common sources of these substances in construction products in Europe.
Biocides are found in various matrices such as indoor dust, indoor air, and freshwater.

Results from the sampling

In short, biocides like Diuron, Propiconazole, and Mecoprop were found in stormwater samples in
this investigation across different cities, including Turku, Helsinki, and Vasteras, in varying quantities
and distributions across the cities. For more details see the section Results and relevant appendices.

Chlorinated paraffins

Use

As described in the Catalogue (NHC3, 2023), chlorinated paraffins are typically used as plasticizers
and flame retardants, as well as additives to various chemical products such as paints, sealants,
adhesives, and many other items. There are many different substances within this group, with
varying toxic properties. Overall, they are of high concern due to their toxic properties and
persistence in the environment. Mixtures of different chlorinated paraffin compounds are produced,
making it difficult to analyse these substances and determine their hazardous properties more
precisely.

Chlorinated paraffins are divided into three groups according to their chain lengths:

e SCCPs —short chain chlorinated paraffins
e MCCPs — medium chain chlorinated paraffins
e LCCPs —long chain chlorinated paraffins
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In the construction sector, chlorinated paraffins are found especially in plastics, rubber, and chemical
products. They are common in PVC plastics such as flooring or wood panels, in the rubber of tracks
and playgrounds, and in chloroprene rubber products such as joint insulations and membranes used
for roof waterproofing. In chemical products, they can be found in adhesives, sealants, paints, spray
polyurethane foams, and more.

Adverse effects

SCCPs are carcinogenic as well as persistent, bioaccumulative, and toxic to aquatic life, and have
been banned under the Stockholm Convention and the EU POPs regulation since 2013. These
substances should therefore not be found in construction materials produced today. MCCPs have
been included in ECHA’s candidate list for authorisation since 2021 due to their persistent,
bioaccumulating, and toxic properties. However, it is worth noting that SCCP occur and are
permitted under EU regulation in low concentrations in MCCP and LCCP mixtures.

MCCPs are used as alternatives to SCCPs and are much more common in the environment due to
high production volumes.

Exposure

As mentioned in the Catalogue (NHC3, 2023), chlorinated paraffins are commonly found in indoor
dust and air as they are released from various articles and construction materials. Inhaling dust is
one of the main pathways of human exposure.

Source mapping and measured occurrence

Scientific papers have found chlorinated paraffins mainly in the indoor environment, in dust and air.
However, they have also been found when sampling snow or sediment. Several examples of papers
showing these findings are listed in Table 7. Studies measuring the substances in stormwater have
been hard to find.

Table 7. Examples of studies that have detected chlorinated paraffins in indoor air, dust, snow, sediment and wastewater

sludge.
Matrix Substances analysed Reference Comment Country
Dust in preschools SCCP, MCCP Langer et al. 2020 Much higher Sweden
concentrations of MCCP
than SCCP.
Dust SCCPs, MCCPs, Yuan et al. 2021 All three found. Highest Norway
LCCPs levels detected was
from MCCPs
Dust SCCPs, MCCPs Hilger et al. 2013 Both found. Highest Germany
levels detected was
from MCCPs
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Indoor air in SCCP, MCCP Langer et al. 2020 Higher concentrations Sweden
preschools of SCCP than MCCP.
Indoor air SCCPs, MCCPs, Yuan et al. 2021 All three found. Highest ~ Norway
LCCPs levels detected was
from SCCPs
Urban snow No information in Bjorklund et al. 2011  Chlorinated paraffins Sweden
the abstract were detected in some
snow samples.
Sediment SCCPs, MCCPs The Swedish Low concentrations Sweden
Environmental found in sediment
Protection Agency,
2005.
Wastewater sludge SCCPs, MCCPs The Swedish Low concentrations Sweden

Figure 9. A Source map showing the sources of chlorinated paraffins in construction products and the pathways into

Environmental
Protection Agency,
2005.

found in wastewater
sludge

Source map of chlorinated paraffins

different reservoirs in the indoor and outdoor environment.

Figure 9 shows how a source map can illustrate the spread of chlorinated paraffins from

construction products. The grey boxes show some common sources of chlorinated paraffins in
construction products in Europe. Chlorinated paraffins are found in dust and indoor air but might
also spread to stormwater from roof products and rubber in the outdoor environment. Typically,
dust is vacuumed or cleaned and ends up in wastewater or is incinerated.
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Results from the sampling

In short, sampling of chlorinated paraffins was conducted in this investigation in wastewater and
dust in Stockholm. In wastewater, sampling of SCCP and MCCP was conducted in three wastewater
treatment plants, and both SCCP and MCCP were present in all three. The concentration of MCCP
was the highest, with a concentration of 0.4-0.7 pg/L. In dust, SCCP, MCCP, and LCCP were quantified
in all eight samples, with a range from 1.86-108 ug/g.

VOC

Use

Volatile Organic Compounds (VOCs) is an umbrella term for chemicals that are volatile at room
temperature, but the chemicals within this group are not closely related. Indoors, sources of VOCs
may include solvent residues that emit from chemical products such as paints, coatings, adhesives,
sealants, finishing plaster, stone and masonry treatments, and finished products containing such
chemical products.

VOCs are naturally occurring in wood materials and may emit from engineered wood products such
as panels, chipboards, fibreboards, plywood, Oriented Strand Board (OSB), Medium Density
Fibreboards (MDF), gypsum boards, ceiling and flooring materials. Polymer materials, insulation
materials, electronic equipment, and textiles are other product groups that may emit VOCs.

The focus in this NonHazCity 3 project is on buildings and construction materials, so VOCs from
industries and road traffic will not be discussed further in this report. However, VOCs from traffic
and industries are significant sources of VOCs in the environment.

Adverse effects

Among the 13 most common VOCs in residential indoor air, almost all adversely affect the
respiratory system. VOCs can also be carcinogenic, cause headaches, dizziness, sensitisation, and
affect the cardiovascular and nervous systems (WHO 2021).

Legislation
The VOC Directive 2004/42/EG regulates the content of VOCs in paints and varnishes.

The EU List of “Lowest Concentration of Interest” (LCI) values (2023) publishes health-based
guidance values for emissions of hazardous chemicals from building materials intended for indoor
use.

A voluntary limit value for total VOC concentration (TVOC) in indoor air is recommended as
300 pg/m3 by the German authority UBA (Umweltbundesamt), which is lower than the LCl values.

Exposure

VOCs are gradually released from indoor materials, continuously contaminating indoor air. Over
time, from months to years, the “source materials” become exhausted of VOCs, and the VOC
concentration in indoor air decreases. Newly built or newly renovated buildings usually have higher
concentrations of VOCs than older buildings, though efficient ventilation can reduce the VOC
concentrations. For example, a Swedish study by Langer et al. (2020) shows that TVOC levels in a
preschool increased fivefold after renovation. After one year, the VOC concentration had decreased
by almost 50%.
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Folkhdlsomyndigheten (2018) refers to several studies showing the correlation between allergic
symptoms and home renovations. VOCs and nitrogen oxides can form ground-level ozone, which is
also harmful to the environment and health.

VOCs and nitrogen oxides can form ground-level ozone, which is also harmful to the environment
and health.

Source mapping and measured occurrence

VOCs can be solvent residues that emit from chemical products such as paints, coatings, adhesives,
sealants, finishing plaster, and stone and masonry treatments. Engineered wood products, such as
chipboards, fibreboards, plywood, ceiling and flooring products, are some examples. Gypsum
boards, polymer materials, insulation materials, electronic equipment, and textiles are other
product groups that may emit VOCs.

VOC concentrations are usually higher indoors than outdoors. VOCs from traffic and industrial
pollution can contaminate groundwater but are not discussed in this report. In scientific papers,
VOCs are mainly studied in indoor environments, including homes, schools, preschools, and offices.

There are few studies describing the distribution of VOCs from indoor air to outdoor environments.
Correlations are found between new products and renovations and higher levels of VOCs in indoor
air. Langer et al. (2020) describe how the VOC levels increased in a preschool after renovation and
decreased one year after the renovation. Some examples of papers showing these findings are listed
in Table 8. Studies measuring VOCs in stormwater have been hard to find.

Table 8. A selection of studies that have detected VOCs in indoor air.

Matrix Substances analysed Reference Comment Country
Indoor air in Alcohols, aldehydes, WHO 2021 Aldehydes,alkanes, Europe
preschools alkanes, Aromatic aromatic hydrocarbons
and schools hydrocarbons, ester most frequent

alcohols, esters, glycol
ether, halogenated
hydrocarbons, ketones,
siloxanes terpenes.

Indoor airin  Aldehydes, aromatic Folkhdlsomyndigheten Aldehydes, terpenes, Sweden
schools and hydrocarbons (BTEX), 2018 BTEX, 2E1H, TXIB most
homes terpenes, chlorinated frequent

VOCs,

2E1H, Texanol, TXIB,
glycol ethers

Indoor air in Langer et al. 2020 Terpenes and glycol Sweden

preschools ethers highest

Indoor airin  aromatic hydrocarbons, Halios et al. 2022 aromatic hydrocarbons, Europe

homes alkane hydrocarbons, alkane hydrocarbons, and UK
aldehydes, aliphatic aldehydes most frequent
hydrocarbons,

terpenes, chlorinated
hydrocarbons, glycol and
glycol ethers and esters
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Source map of VOC

Figure 10. A Source map showing the sources of VOCs in construction products and the pathways into different reservoirs
in the indoor and outdoor environment.

Figure 10 illustrates how a source map can depict the spread of VOCs from construction products.
The grey boxes show some common sources of the substances in construction products in Europe.
VOCs are mainly found in indoor air.

Results from the sampling
In short, in this investigation VOCs were sampled only in Vasteras in indoor air in four preschools.
Several substances were detected, and the concentrations were about 20-60 pg/m?3.

Zinc and copper
Metals are naturally occurring elements widely used in different construction materials, including
exterior and indoor finishings and supportive structures.

Some are essential trace elements which are important for the well-being of organisms when
present in the proper amount. However, in larger amounts metals can cause acute and chronic
toxicity.

As said in the Catalogue (NHC3, 2023), metals are durable, malleable, and recyclable. Some metal
salts or other metal compounds are used as additives in chemical products, such as coatings. Metals
in construction materials often occur as alloys, such as steel and brass. These alloys can contain
metals such as lead (Pb) and cadmium (Cd) as additives or impurities.

Metals can be found in many types of construction products such as metal roofing, gutters and rain
pipes, window frames, construction beams, piping foils, sheets and finishings, faucets, concrete and
cement, and coatings.

Non-essential metals, such as lead, cadmium and mercury, may cause toxic effects even when
present in trace amounts. Also, essential metals such as zinc or copper are toxic in high
concentrations. Common health effects of metals are for example damage to lungs, liver, kidneys
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and other internal organs, carcinogenicity, reproductive problems, damage to fish gills and acute
toxicity. Main concerns related to heavy metals in construction and building materials are related to
leaching to the environment and toxicity to especially aquatic biota.

Humans can be exposed to metals in construction materials mainly through dust and fumes.

Workers are especially at risk of harmful exposure to metals through dust inhalation and

contaminated air. Also, metals like zinc and copper can leach into the environment, for example from
metal roofs during heavy rain and can end up in soil and aquatic environments such as rivers, lakes

and stormwater.

The following metals were analysed in the NonHazCity 3 project: chromium (Cr), copper (Cu), zinc
(zn), nickel (Ni), cadmium (Cd) and lead (Pb). Cadmium and lead compounds are included in the
REACH candidate list because of their particular toxic properties. Since 2015, chromium compounds
have been included in the REACH restriction list (Annex XVII) with a requirement that it shall not
occur in leather articles other than in very low concentrations. In this chapter the focus is on zinc

and copper.

Source mapping of zinc and copper

Zinc and copper are mainly found in metal sheets used as tood and facade coatings. Zinc is also
found in corrosion protection paints and copper is also found in water pipes. In the literature zinc
and copper have been mainly measured in runoff from metal sheets, mainly spreading to the
stormwater and outdoor environment. Some examples of papers showing these findings are shown

in Table 9.

A study made by Luled technical University in Sweden have found correlation between zinc sheets
and zinc leaching to stormwater and between copper sheets and copper leaching to stormwater.
Both metal content in the material and in the storm water runoff was measured. The results of the

study is shown in table X.

Table 9. A selection of studies that have detected copper and zinc in storm water and dust.

Substances

Matrix analysed

Stormwater Copper from

copper sheet

Zinc from
galvanised steel
sheet

Zinc from
titanium zinc
sheet

Cr, Ni, Mn, Zn, Ba,
Cu, Co, Rb

Stormwater

Stormwater

Dust

Reference

Midller et al.
2022

Miller et al.
2022

Miller et al.
2022

Barrio-Parra et
al. 2018

Country and comment

In runoff from copper sheets the
concentration of copper was much
higher than all other metals masured.
In runoff from galvanised steel sheets the
concentration of zinc was much higher
than all other metals masured.

In runoff from titanium zinc sheets the
concentration of zinc was much higher
than all other metals masured.
Household floor dust, the metals found
in highest concentrations were zinc,
manganese, barium and copper.

Sweden

Sweden

Sweden

South Arabia
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Source map of zinc and copper

Figure 11. A Source map showing the sources of zinc and copper in construction products and the pathways into different
reservoirs in the indoor and outdoor environment.

Figure 11 shows how a source map can illustrate the spread of zinc and copper from construction
products. The grey boxes show some common sources of zinc and copper in construction products
in Europe. Zinc and copper are found mainly in stormwater and wastewater.

Results from the sampling

In short, in this investigation metals analyses were conducted on storm water samples collected
from Stockholm, Vasteras, Turku, and Helsinki. Metals were detected in all samples.
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Methodology — sampling

Our methods included targeted screening of pollutants in five different matrices: construction
materials, stormwater, indoor dust and air from preschools, and wastewater from residential areas.
Screening took place in five cities by six project partners in the Baltic Sea Region: Turku, Helsinki,
Tallinn, Vasteras, and Stockholm. In total, approximately 140 samples were taken. The distribution of
the type of samples was as follows:

Turku: Stormwater (Appendix 1).
Helsinki: Stormwater and construction material (from a construction site) (Appendix 2).
Tallinn: Construction material (from a hardware store) (Appendix 3).

Visteras: Stormwater, preschool air and dust, construction material (floor material from preschools)
(Appendix 4).

Stockholm: Preschool dust (Appendix 5A), stormwater (Appendix 5B), wastewater (Appendix 5C),
construction material (paint for outdoor use and roof material from a hardware store (Appendix 5D),
sheet material from a construction site (Appendix 5E), and floor material from schools and
preschools (Appendix 5F).

Sampling methods generally followed established routines. For example, the procedure for sampling
dust is described in Giovanoulis et al. (2019) and Langer et al. (2021). Stormwater was sampled using
a manual sampling approach, which provides a snapshot of the stormwater quality at that specific
moment. This is a practical and cost-effective method for assessing stormwater quality by collecting
water samples directly from discharge points. By analysing these samples, we get a better
understanding of the substances present in stormwater.

Sampling and chemical analyses of construction material included over 50 items used in
construction. The following table provides an overview of the types and quantities of construction
materials analysed. For details on the substances screened, see the screening reports in Appendices
2,3,4,and5.

Table 10. Construction materials, number of samples and substances analysed.

Construction material group Total no of samples Substance (samples) analysed

Paints 12 Biocides (12)

Metals (12)

Phthalates and alternatives (4)
PFAS (4)

OPEs (3)

SCCP (2)

MCCP (2)

Roofing materials 5 Phthalates and alternatives (1)
Ex: roofing felt, shingel Biocides (2)

PFAS (1)

Metals (5)

OPEs (1)

Flooring materials 9 Phthalates and alternatives (9)
Ex: PVC PFAS (4)

Metals (2)

OPEs (2)
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SCCP (2)
MCCP (2)

PVC tunnel sheet

Phthalates and alternatives (1)
PFAS (1)
OPEs (1)

Mansonry material
Ex: mortar and bricks

PFAS (3)
Metals (4)

Wood for terraces or fagades

Biocides (3)
PFAS (3)
Metals (3)
OPE (3)
SCCP (2)
MCCP (2)

Boards
Ex. Gypsum, plywood, MDF board

Isothiaszolinones (1)
PFAS (4)

Metals (3)

OPEs (5)

Coatings/surface treatments

Phthalates and alternatives (2)
PFAS (3)

Metals (3)

Biocides (3)

OPEs (2)

SCCP (2)

MCCP (2)

Flame retardant coating for wood

Phthalates and alternatives (2)
PFAS (2)

Metals (2)

Biocides (2)

OPEs (2)

SCCP (2)

MCCP (2)

Synthetic insulation material

OPEs (2)
Styrene (1)
Acrylonitrile (1)

HBCD (1)
Tile grout Metals (1)
Plaster Biocides (1)
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Samples were sent to commercial laboratories for chemical analysis according to standardised
methods. The selection of pollutants for analysis (by target analytical methods) was decided
collectively by the working group. Each screening project partner also had specific priorities based
on political/local chemical management plans and financial limitations. A brief summary of the
distribution of pollutant groups, matrices, and screening cities is presented in Table 11.

Table 11. Overview summary of targeted screening performed by project partners. Water refers to stormwater except for
Stockholm where both stormwater and wastewater were included in the investigation.

PE! PFAS? BP? OPEs* BFR® Biocides® CP’? voc? Elements®
Stockholm Dust, Dust, Dust, Water Dust Material, Dust, Dust,
material, material, material, water water material
water water water
Visteras Dust, Dust, Dust Dust, Dust, Dust, Dust Air Water
material, material, material, material, Water
water water water water
Helsinki Water, Water, Water, Water, Water, Water,
material material material material material material
Turku Water Water Water Water Water Water
Tallinn Material Material Material Material Material Material Material
1. Phthalates and alternatives
2. Per-and Polyfluoroalkyl Substances (PFAS)
3. Bisphenols
4. Organophosphate esters (OPEs)
5. Brominated organic substances
6. Diuron, triazines, and isothiazolinones (biocides in/on wood and fagade coatings)
7. Chlorinated paraffins
8. Volatile Organic Compounds (VOCs)
9. Metals and elements, focus copper and zinc

The analytical results received from the laboratories were organised and sorted into a master Excel
file and subsequently processed as required. Data processing was then performed to visualise the
guantities, frequency of quantification, differences, and similarities within the large dataset. The
results are presented in tables and diagrams in the results section. Diagrams were created in Excel
and/or using R software.

All materials and methods are further described in each partner's report, see Appendices 1-5.
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Results and discussion

In this project, a number of interesting observations were made. Due to the differing goals and
objectives of the five participating cities, a broad spectrum of hazardous substances was investigated
upon, and found. In the appendices, all results are described per partner (i.e. city that performed
screening activities), along with individual hypotheses, instrumental and methodological setups, lists
of findings, and interpretations.

Given the abundance of results, most relevant findings were highlighted and selected for
interpretation. As the presented results are from chemical analyses of construction materials,
stormwater, wastewater, and preschool air and dust, the concentrations are presented in different
units, depending on the hazardous substance and sample type.

The results will be presented in following order (explanation within brackets):

-Hazardous substances found in construction material (construction materials are the focus of this
project, which is why these have been screened for respective substances. In addition to construction
material, other media (water dust etc) have been screened in order to get an idea about how
substances spread from these materials. This data was complemented by data from previous
projects)

-The bigger picture (combining the results from different cities and different matrices, a bigger
picture emerges)

e The cocktail of pollutants in dust

e Biocides in wood treatment and leakage to the environment
e PFAS forever, wherever

e TCPP —a potential PMT

e Metals

-Additional results (/In addition to the points mentioned above, some results could not be compared
across cities or different matrices. However, following topics and observations are still important
findings resulting from our investigations)

e Chlorinated paraffins

e Direct leakage of phthalates to drain water

e Effects on hazardous substances after renovating floors
e Trends of DEHP in wastewater
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Hazardous substances found in construction materials

In total, 51 samples of construction material were sampled and chemical analyses of a range of hazardous
substances was conducted (Table 12 and Appendices 2-5). The main results are presented in table 12.

Table 12. Findings on the occurrence of hazardous substances are presented. Numbers in bold indicate relevant findings.
Compounds are found under the respective substance groups. In case of further grouping (e.g. Isothiazolinones under
biocides) the compounds as well as their respective values are separated by / . Values below LoQs are indicated by *.
Compounds not analysed for the respective construction material group are indicated by -. All values represent maximum
values found for this group of construction material.

Relevant findings highlighted in table 12

Paints for exterior use contained biocides such as IBPC, diuron, and isothiazolinones, as well as
metals. Most of the substances found in screening activities were also reported on in respective
safety data sheets (SDS) of the respective product, were also quantified in the analyses. Some
analyses were performed on the dry (cured) paint, allowing for comparison between the
concentrations in the cured paint and those reported in the SDS. Due to evaporation, the biocide
concentration in the cured paint was higher than that reported in the SDS for the wet paint. When
quantifying leakage of biocides from a painted area, this factor needs to be considered to avoid
miscalculations. The results from the chemical analyses of paints are an important part of
understanding the bigger picture; e.g. when comparing stormwater results from diverse catchment
areas, some using the paints analysed. Additionally, these results are useful for providing advice on
tox-free construction.

Roof felt contained biocides, for example, IBPC, diuron, isothiazolinones as well as metals (copper)
The results from chemical analyses of roof felts are valuable when comparing storm water results
from catchment areas having different kinds of roof materials. In addition, the results are valuable
for back-tracking pollutants found in the environment (source tracking), but also in the sense of
giving advises for tox — free construction.

Construction materials made from PVC contained various plasticisers to a large extent, up to 44%
(sum of 35% DINP and 9% DIDP). The analysed PVC materials included PVC floors sampled in existing
buildings, PVC flooring purchased directly from the construction hardware store, and a PVC sheet
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used for water protection in a tunnel construction. The newly purchased floor-coverings contained
alternative plasticizers that commonly replace phthalates, while, in the old flooring materials, one
phthalate was predominant in mixture of plasticisers, with several of the others appearing at lower
concentrations. The new PVC tunnel sheet contained mainly two phthalates, and only traces of
others. These results provide insights into the extent of which plasticizes are distributed to, both,
indoor environments (by comparing levels with those measured in dust) and outdoor environments
(by comparing levels in runoff water).

The Polyurethane insulation for exterior use contained OPEs, specifically TCPP and TEP, in quantities
suggesting diffusing into surrounding media. These findings are significant since TCPP was detected
in stormwater, dust, and wastewater. To get a better understanding of why this substance appears in
products and different environments, we need more facts on its use, regulations, risk assessments,
etc. These are presented and discussed in the "Bigger Picture" section about TCPP, along with this
project’s observations. It is important for construction management to note that current EU
regulations (REACH) do not require the content of TCPP to be declared in construction materials, as
TCPP is not on the candidate list. This means it can be added to products without informing
downstream users, potentially leading to widespread use of this hazardous substance.

Other insulation materials analysed in this project did not contain these substances. Therefore, the
presence of TCPP in polyurethane insulation may only be interpreted as a snapshot, and further
investigations are needed to establish the relevant sources of TCPP.

Wooden panels for terraces and facades contained biocides, which are added to extend the wood's
lifespan. However, their toxicity necessitates careful evaluation of wood construction for trade-off
decisions. Biocides were also found in stormwater samples. The chemical analysis results of wooden
panels are valuable for comparing stormwater data from areas with different construction materials
and for providing guidance on tox-free construction.

Coatings and surface treatments were found to contain PFAS. This project aimed to track
widespread pollutants, particularly PFAS, in various construction materials, whether intentionally or
unintentionally added. Only one product from this group of construction materials, a surface
treatment for stone and concrete, was found to contain PFAS. Additionally, an old PVC flooring was
also found to contain PFAS. Identifying and tracing the sources of PFAS in construction material
remains an ongoing challenge.

Results on substance groups below LOQ

A number of construction materials did not contain substances which were expected to be found
such as heavy metals, phthalates, PFAS, and chlorinated paraffins. Substances and chemicals are
often added to construction materials to obtain certain properties; thus the producer has a specific
intention behind their use. Some hazardous chemicals were expected due to historical usage
patterns and the need to meet certain functional criteria. However, their absence can be attributed
to several factors including substitution, legislation, and increased awareness. The substitution of
hazardous substances with safer alternatives has become a common practice, driven by stricter
legislation and a growing emphasis on circularity. The REACH regulation, in particular, has played a
significant role in phasing out harmful chemicals. REACH requires the registration, evaluation,
authorisation, and restriction of chemicals, compelling manufacturers to seek safer alternatives.
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Furthermore, the push for circularity in the construction sector necessitates the use of materials
that can be safely reused or recycled. This has led to a reduction in the use of toxic substances, as
they pose significant challenges to recycling processes. Increased awareness among consumers and
industry stakeholders about the health and environmental impacts of hazardous chemicals has also
driven demand for safer products. Chemical demand in procurement processes has become more
stringent, with many organisations specifying the exclusion of certain hazardous substances in their
procurement criteria. This proactive approach ensures that materials used in construction projects
meet high safety standards from the start.

In conclusion, the absence of expected hazardous substances in certain construction materials can
be attributed to a combination of legislative pressure, the drive for circularity, heightened
awareness, and stringent chemical demands in procurement processes. These factors collectively
contribute to a safer and more sustainable built environment.

The bigger picture

A broad spectrum of hazardous substances was investigated and found in the different matrices
investigated. Combining the results from different cities and different matrices, a bigger picture can
be seen. In this section, we will describe five such bigger pictures in-depth namely:

e The cocktail of pollutants in dust

e Biocides in wood treatment and leakage to the environment
e PFAS forever, wherever

e TCPP —a potential PMT

e Metals

These in-depth examples are followed by several important but briefly described examples. For
more detailed information from each partner (city), substance, or matrix, please refer to the
appendices.

The cocktail of pollutants in dust

As many scientists have proven previously, dust serves as a carrier for an uncountable number of
hazardous substances. Dust matrices are hence known for reflecting the specific chemical cocktail of
the respective indoor environment.
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Phthalates and alternative plasticizers in dust in relation to plasticizer in PVC-flooring
We hypothesised that there is a relationship between plasticizers in PVC materials and dust. The
following connections were investigated:

- In construction, PVC is often used as flooring material. Presence of plasticizer in flooring
material can also affect dust levels. This is due to the fact that many plasticisers migrate into
neighbouring materials, especially when they come into contact with lipids and are exposed
to higher temperatures than 21°C.

The results from this study contributed to the large number of PVC-samples and dust samples taken
in previous investigations performed in Stockholm (Larsson and Berglund, 2016). The number of
samples helped us to prove our hypothesis that plasticizers added to PVC migrate into the indoor
environment and adhere to dust particles (Table 13&14 and Appendix 4 and 5A). By comparing
median content of plasticizer in dust sampled from rooms with confirmed plasticizer-containing
floors (DINP (row i), DEHP (row j) and DINCH (row k)), with median content of plasticizer in dust from
rooms with non-PVC floors (row ), the content of plasticizer was found to be 5 times larger or more.

Table 13. Plasticizer in dust in comparison to other studies.

Year Country N Plasticizer, median ug/g
DEHP BBzP DnBP DINP DIDP DEHT DEHA ATBC DINCH

a | 2006-07 Sweden? 10 1600 | 31 150
b | 2008-09 Denmark 2 151 | 500 17 38
¢ | 2011-12 Germany ® 63 888 6 21 302 34 40 49 24 302
d | 2013 Sweden * 3 560 26 660 260
e | 2015 Sweden® 100 | 290 9 21 380 50 86 9,7 6,2 49
f 2018 Stockholm © 20 117 6 13 390 57 100 9 5 57
g | 2023 Stockholm * 19 35 2 4 90 21 99 4 3 109
h | 2023 Vasteras ® 8 53 2 3 31 22 538 4 6 17

Table 14. Plasticizer in dust in relation to floor plasticizer content.

Year Country N Plasticizer, median ug/g
DEHP BBzP DnBP DINP DIDP DEHT DEHA ATBC DINCH
i DINP - flooring (average content 12 66 3 3 975 53 126 11 7 32
22%) 5,6,7,9, 10
j DEHP-flooring (average content 8 703 14 20 165 43 69 6 10 31
27%) 5,6,7,9,10
k | DINCH-flooring (average content 9%) | 14 61 5 9 135 26 88 6 6 476
5,6,7,9,10
| non PVC %67 6 125 7 20 125 50 108 |3 6 86

References: 1. Bergh et al. 2011, 2. Langer et al. 2010, 3. Fromme et al. 2013 and 2016, 4. KEMI 2013, 5. Larsson and Berglund 2016, 6.
Giovanoulis, 2018, 7. Ohman, 2023 (Appendix 5A), 8. Larsson 2024 (Appendix 4), 9. Ekberg-Osterdahl, WSP 2015, 10. Langer et al. 2020

In a previous study conducted in the City of Stockholm, air samples were taken in rooms with PVC
flooring, and plasticizers (often phthalates) were also detected in the air (Langer et al., 2021).

Phthalates and alternative plasticizers in dust —a comparison between Stockholm and Visterds

In figure 12, all the dust samples (from individual preschools) are visualised by having different
colours on the bars that correspond to an individual phthalate or alternative plasticizer. Apparently,
the pattern among the plasticizer content in dust differ, not only between the cities but also within
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the city. Due to the knowledge found and proved in tables 13 and 14 (above), the pattern is strongly
influenced by the type of plasticizer in the floor material. For Vasteras, it is known that the PVC floor
has DEHT (light green) as plasticizer as it is registered and assessed in BVB (full content declaration)
and documented in the construction management’s logbook (sample id Vasteras 3-6). The same
applies for Stockholm except here DINCH (dark green) has been used (sample id Stockholm 8-9, 13-

15, 17, 19).
Sum of phthalates Sum of DEHT . DINCH Sum of
subjected to authorisation other phthalates other alternatives
1600+ I
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5 i
= | | i ]
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Figure 12. Group of Plasticizer in dust from 19 preschools in Stockholm and 4 preschools in Vésteras, two samples from
each preschool. Phthalates subjected to authorisation (DiBP, DnBP, BBzP,DEHP), Other phthalates (DMP, DEP, DiNP,
DiDP, DPHP), other alternatives other alternatives, (ATBC, DEHA, TOTM).

Phthalates and alternative plasticizers in dust - trends

The content of pollutants in dust can also serve as a history book of old mistakes as well as maps of
regrettable substitutions. The figure 13 shows an example of old mistakes (and happy news) where
we can see the trend for DEHP (which was restricted 2008') as well as DINP (added to SIN-list> 2014)
decreasing drastically from 2015 to 2018 and continuing the trend from 2018 to 2023. In addition,
new emerging plasticizers are increasing (DEHT and DINCH). The results indicates that legislation is
efficient in reducing DEHP.

600
500
400 DEHP
_ --@ -- DINCH
% 300 DEHT
o DiNP
—&— DiDP
100 0 @ oIS o |
0

2015 2018 2023
Figure 13. Trends of plasticizer in preschool dust in Stockholm.

1 DEHP was added to the REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals) Candidate List of Substances of Very High Concern
(SVHC) for authorisation on October 28, 2008. It was later included in Annex XIV of the REACH Regulation, which lists substances subject to authorisation. The
sunset date for DEHP, after which its use is generally prohibited without authorisation, was February 21, 2015.

2 SIN-list, Substitute It Now List by ChemSec uses the criteria in REACH to identify Substances of Very High Concern (SVHC).
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PFAS in dust

PFAS analysis was conducted on preschool dust samples collected in Stockholm and Vasteras, with a
total of 26 samples taken. The distribution of PFAS compounds is depicted in Figure 14. A broad
range and distribution of PFAS substances were observed. Generally, Stockholm exhibited the
highest concentrations of PFAS in the category of "sulfonates and carboxylic acids" (PFHxA 766
ng/g), while Visteras recorded the highest concentrations in the category of "telomers" (8:2 PAP 682
ng/g). Among the preschools included in this study, there appeared to be a few samples or
preschools that had levels of certain substances that were three times as high as others. In this
study, we observed an indication about relationship between PFAS in dust and the PVC flooring
material used in a preschool in Vasteras (Appendix 4). As a result, by supplier's dialogue in Vasteras,
we retrieved information on the use of floor polish. In general, floor/ furniture polish products may
contain PFAS. Therefore, further investigation is needed to back track from where the PFAS comes
from and therefore take measures on how to avoid PFAS in preschools.

PFCAs and PFSAs
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Figure 14. PFAS in preschool dust in Stockholm and Vésteras. PFAS in preschool dust in Stockholm and Vasteras. The
upper diagram shows perfluorinated carboxylic PFCA) and sulphonic acids PFSA), and the lower diagram shows other
investigated PFAS, many of which so called precursors, meaning they can degrade into persistent PFCAs or PFSAs.
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Bisphenols in dust

Bisphenol analysis was conducted on preschool dust samples collected in Stockholm and Vasteras,
with a total of 26 samples being taken. The distribution of bisphenols is depicted in Figure 15.
Generally, Stockholm exhibited the highest concentrations of BPA (2600 ng/g) and BPS (792 ng/g),
while Vasteras recorded the highest concentrations of TBBPA (1015 ng/g).

Figure 15. Bisphenols in preschool dust in Stockholm and Vésteras.

Sample Vasteras 2 reflects dust samples of one room in a preschool. Exceptionally high values were found for
TBBPA, a brominated bisphenol used as a flame retardant in electronic devices. The room was observed to
have a high number of tables that include integrated lights, one potential source. Typically, TBBPA is bound to
the polymer material and is not genuinely released to neighbouring areas. A possible explanation could be the
over-use of TBBPA in the material: excess amounts of TBBPA molecules cannot react with the polymer and in
turn migrates out of the material.

Conclusions on pollutants in indoor dust

Our study confirmed that indoor dust serves as a significant carrier for various pollutants, including
plasticizers from PVC materials, PFAS, brominated compounds (TBBPA) and bisphenols, some of
them often used in construction materials. The presence of these hazardous substances in dust was
strongly linked to the type of materials used in the indoor environment, with higher concentrations
found in areas with PVC flooring and treated surfaces, indicating that the studies substances are
mobile and emitted from materials in these environments. These results highlight the importance of
safer material choices and stricter regulations to reduce health risks from exposure to these
contaminants in indoor environments. Further research is essential to understand the long-term
effects and develop strategies to reduce pollutant levels in indoor dust.

Biocides in wood treatment and leakage to the environment

Another group of substances which we investigated was biocides. With the trend towards
construction with wood, which is considered eco-friendly and fashionable, comes a downside:
because wooden construction materials need protection against weathering and decay, they are
often treated with biocide containing wood-treatment products. The biocides may be lurking in the
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wooden construction material itself, such as the wooden cladding, but also paints and varnishes,
used for extending the lifespan.

The biocides used can be emitted into the environment, especially when they get into contact with
water. With a functional purpose, biocides are intended to have a negative effect on their target
organisms. However, most often biocides are not species-specific and are often toxic to aquatic
organisms. In the frame of our screening activities, it was discovered that stormwater from areas
with predominantly new wooden claddings on buildings contains higher levels of biocides compared
to stormwater from other areas (Appendix 1 Turku UAS). All found biocides and their concentrations
are given in Appendix 1-2, 4-5.

Biocides in stormwater

The results of the biocides in analysed stormwater samples are presented in the Table 15, showing
max and min values of measured concentrations and detection frequencies. Two of the eleven
samples collected in Turku were in non-urban areas, where biocides were not found, which means
that the detection frequency for urban areas in Turku was in fact higher. The different ranges of
detection frequencies are indicated as follows to visualise the abundancy:

25-49%

Table 15. Frequency and range of biocide concentration, analyzed in stormwater samples in four cities.

Detected/analysed 4/11 0/5 0/3 1/12
% of detection 36%
Min - Max [pug/L] <0.01-1.9 <0.05 <0.01 <0.01-0.01
Propiconazole ‘
Detected/analysed 5/11 3/5 1/3 0/12
% of detection 45% 33%
Min - Max [pg/L] <0.01-0.17 <0.05-0.88 <0.01-0.011 <0.01
Mecoprop ‘
Detected/analysed 2/11 2/5 0/3 1/12
Min - Max [pug/L] <0.01-0.18 <0.05-0.38 <0.01 <0.01-0.06
BAM (2,6-dichlorobenzamide) ‘
Detected/analysed 2/11 - 0/3 4/12
% of detection _ - _I 33%
Min - Max [pg/L] <0,002-0.017 - <0.01 <0.01-0.02
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2-hydroxyterbutylazine

Detected/analysed 2/11 - 1/3 3/12
% of detection 18% - 33% 25%
Min - Max [ug/L] <0.005-0.026 - <0.01-0.011 <0.01-0.02

Across different cities, including Turku, Helsinki, and Vasteras, biocides like diuron, propiconazole,
and mecoprop were found in stormwater samples in varying quantities and distributions across the
cities. Propiconazole was the most prevalent, with detection rates of 45%, 60%, and 33% in Turku,
Helsinki, and Vasteras, respectively, with concentrations ranging from 0.011 to 0.88 pg/L, whereas
BAM was the most frequently detected in Stockholm (up to 0.02 pg/l).

Mecoprop was detected in 18%, 40%, and 8% of samples from Turku, Helsinki and Stockholm,
respectively, with concentrations ranging from 0.06 to 0.38 ug/L. Diuron was found in stormwater
from Turku (36% of samples) and Stockholm (8% of samples), with concentrations ranging from 0.01
to 1.9 pg/L, falling within previously reported ranges in stormwater of up to 12 ug/L (<0.005 - 12
ug/L) (Paijens et al., 2020).

These biocides are recognised as additives in construction materials, see the results in the section
concerning construction materials, further linking their presence in stormwater to urban
infrastructure. Notably, concentrations of diuron and mecoprop were higher in combined sewer
overflows (CSOs) compared to wastewater, suggesting a significant contribution from stormwater
runoff, with buildings identified as potential primary source (Paijens et al., 2020).

Degradation products of pesticides that are not commonly used for construction material, were also
observed: BAM (dichlorobenzoamide), a derivative from the plant treatment of the PFAS fungicide
fluopikolide (identified in Stockholm and Turku), and 2-hydroxyterbutylazine, derived from
terbutylazine (noted in Turku, Stockholm, Vasteras).
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Biocides in stormwater from areas with predominantly wooden buildings

In Turku, storm water samples from a residential area (labelled "IL"), having mostly wooden
detached houses, contained higher concentrations of biocides typically utilised for wood
preservation or paints compared to locations with predominantly non-wooden materials (“KA” and
“PV”).

Figure 16. Selected biocides in storm water sampled in Turku area (zg/L). Symbols on the x-axis signify (from left to right)
area with wooden buildings, are with non-wooden buildings and area without any buildings.

Biocides were found in all sampling sites except for a control area without any buildings (“LK”),
showing a clear contrast between sites with and without buildings. The total concentrations of
construction-related biocides were highest in IL (figure 16).

The highest individual biocide concentration was 1.9 pg/| for diuron in IL, being more than 10 times
higher than the concentrations of other analysed biocides. In other sites, diuron was either found
only in low concentrations or not found at all. The highest concentration of diuron also exceeded
the Maximum Allowed Concentration Environmental Quality standard (MAC-EQS) for inland waters
of 1.8 ug/l, given in the Water Framework Directive (Directive 2000/60/EC and 2013/39/EU).
Currently, update of WFD is under preparation, and for diuron, a new, lower MAC- EQSs of 0.27 ug/I
has been proposed. Two samples from IL exceeded the new proposed MAC-EQS. The results indicate
that biocides from construction materials can leach and end up in stormwater, even concentrations
at these levels are environmentally relevant. Note, that measured concentrations in stormwater and
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EQS for surface water cannot be directly compared, as they are different types of waters. However, a
comparison with EQS values can be used for benchmarking.

In addition to the concentrations being higher in the wooden vs. non-wooden building areas, the
profiles of different biocides differed between sites, probably due to differences in the used
materials. While in both IL and PV propiconazole and tebuconazole were commonly found, in
neither substance was found in the samples from KA. Instead, terbutryn was found in every sample
from KA, while in IL it was found only in one sample, and not found in other sites. Mecoprop, used
commonly as herbicide but also reported in literature in construction materials, was found only in
one site (PV). Out of the biocide transformation products, 2-hydroxyterbuthylazine, metabolite of
terbuthylazine, was found in one sample from IL and from KA in low concentrations.

Biocides in paints for outdoor use

In the partner report by Stockholm (Appendix 5D), biocides in cured paint were analysed to verify
their content. The findings confirmed the information listed in the supplier's safety data sheet (SDS),
but also revealed that the actual concentration after curing was significantly higher than reported in
the SDS, which was expected. However, the findings in cured/dried paint is not common sense and
should be taking into account when calculating on risk and in making choices among different paints.
Among the paints analysed, IPBC was the most prevalent biocide (maximum of 7589 mg/kg),
followed by diuron (maximum 780 mg/kg).

Biocides in other construction material (excl paints)

Roof felt material purchased in Stockholm contained the biocide IPBC at a concentration of 1384
mg/kg. Additionally, two samples (out of four) from construction sites in Helsinki contained biocides.
Wooden panels for terraces and facades were found to contain propiconazole (8.3 mg/kg and 0.07
mg/kg) and tebuconazole (8.7 mg/kg and 0.05 mg/kg).

Biocides leakage to water in a laboratory set-up

In parallel with the findings of this investigation, the Lulead University of Technology conducted a
laboratory set-up to measure the direct leakage of biocides in construction material into water.
Preliminary findings support the hypothesis that biocides leak to a certain extent.

Conclusions regarding biocides and wooden construction

Stormwater samples from areas with predominantly new wooden claddings showed higher levels of
biocides, with substances like diuron, propiconazole, and mecoprop detected across various cities.
Notably, concentrations of these biocides were significantly higher in stormwater runoff, particularly
in areas with wooden buildings, highlighting a substantial environmental impact. Further, biocides in
cured paint were found at higher concentrations than reported in the SDS, emphasizing the need for
better management and monitoring of these substances in construction materials.
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PFAS — forever, wherever

PFAS (Per- and polyfluorinated alkyl substances) have been called “forever chemicals” because of
their extreme persistence. As in many other investigations we found these substances almost
“everywhere”, that is in stormwater, wastewater, indoor dust and in construction material. However,
we could also see a distribution and range of concentrations among all the sampling matrices that
gave us some hints of the environmental fate and possible sources. PFAS substances have valuable
properties of being water repellent as well as having special surfactant properties but they are also
undegradable in addition to having hazardous properties. To make use of their performance
characteristics in industry only a very low amount of chemicals is needed. Therefore, it is seldom
declared neither in consumer products nor in construction material.

PFAS in stormwater
The concentrations of PFAS in stormwater in the four cities is depicted in Figure 17 and Table 16.

Vasteras samples were taken from storm water ponds/ditches receiving water from residential areas
with mainly private houses. The EL catchment area is the largest with some traffic included. GO, KA
and ST represent smaller catchment areas in residential areas with less traffic. GO and KA areas were
under development and construction was still going on during the time for sampling. Turku samples
were taken from a residential area (labelled "IL"), having mostly wooden detached houses, whereas
“KA” and “PV” are locations with predominantly non-wooden materials. Stockholm and Helsinki
samples are taken from areas with a mix of traffic and residential areas catchments.

The main message is that the pollution pattern differs among the cities, but also between sample
sites and sampling occasions. The high PFAS concentration in site KT1 in Helsinki does not have an
obvious explanation, but the city will continue to search for potential sources. In Turku area, there
are also indications on a certain pattern depending on which type of buildings appearing in the area,
as there was an effect on the PFAS pattern for the district IL (predominately wooden buildings). The
wooden building areas tend to have lower PFAS concentrations in stormwater compared to areas
with less wooden buildings (Figure 17: TURKU, PV1 and Appendix 1).
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Figure 17. PFAS concentration in stormwater. Figure includes only those substance, which were analysed from all
locations and found in at least one sample above LOQ. For information about the sampling locations see the text.

The results of the PFAS in analysed stormwater samples is presented in the following tables, showing
max and min values of measured concentrations and detection frequencies. The different ranges of
detection frequencies are indicated as follows:
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Table 16. Summary of results of the screening PFAS in stormwater samples from four cities. The table includes a
description of the frequency with which each substance was detected and the range of concentrations. LOQ for the
individual PFAS substances ranged fro m <0.3 to <1 ng/L in Helsinki and Véasteras samples, in Stockholm samples the
range was <1 to <20 ng/L. PFOS in stormwater was above EQS avg. limit for inland waters of 0.65 ng/L in all samples
where it was detected, Maximum Allowed Concentration, MAC-EQS of 36 000ng/I was not exceeded. Note, that measured
concentrations in stormwater and EQS for surface water cannot be directly compared, as they are different types of waters.
However, a comparison with EQS values can be used for benchmarking. Se appendices 1, 2, 4-5A for further details.
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PFAS in wastewater

There was no apparent trend in the result from the investigation on domestic wastewater in
Stockholm (Figure 18 and Appendix 5C). Previous survey from 2014-2016 (internal report by SVOA)
shows similar results. Even though PFOS and PFOA are regulated by the POPs regulation since 2009
and 2019 respectively, there is no reduction in levels in either domestic wastewater or incoming
wastewater.

Figure 18. The concentration of PFAS in domestic wastewater from Skarpnéck, NDS and influent wastewater to Henriksdal
WWTP 2020-2023. The striped bars show the limit of quantification (LOQ). For PFBS in wastewater from NDS 4 out of 7
samples were <LOD.

PFAS in indoor dust
In this study, we observed an indication about a relationship between PFAS in dust and materials
used in a preschool in Vasteras. This is described in the section about dust.

PFAS in construction material

Previous reports have shown that construction materials can be a source of PFAS as this was
reported from Miljgstyrelsen (2024). In this study, only a few construction materials were found to
contain quantifiable amounts of PFAS (such as the PVC flooring in Vasteras discussed above (~3 u
g/g)and a surface treatment agent for stone and concrete (20 000 ug/g) sampled by Helsinki).
However, neither the outdoor paints (and roofing felts) analysed in Stockholm nor the materials
analysed in Tallinn, did contain PFAS and the PFAS in flooring material in Vasteras could be explained
by the flooring polish treatment, so the challenge remains to determine where these PFAS
substances are coming from and how we can stop their spread in our environment.

By extracting data from the assessment system “Byggvarubedémningen” (BVB) one can obtain
information about which types of construction materials contain specific hazardous substances. The
content list and assessments are based on the supplier's product declarations. Results from such an
investigation reveal that, according to the suppliers' knowledge, PFAS is rarely an additive in
construction materials at levels exceeding of 0.01% by weight, except in cases where polymer PFAS
are used.

Conclusions on PFAS in urban environment
PFAS, known for their water-repellent and surfactant properties, were detected across various
matrices including stormwater, wastewater, indoor dust, and construction materials. Our study
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found significant variations in PFAS concentrations among different cities, with notable occurrences
in certain areas with specific types of buildings. The presence (however scarce) of PFAS in
construction materials, such as PVC flooring and surface treatment agents, underscores the need for
further research to trace specific sources and pathways of PFAS contamination and develop effective
strategies to prevent their spread.
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TCPP —a potential PMT

The flame retardant TCPP is suspected to have hazardous properties. It is used with a purpose is to
make materials less flammable. Flame retardants like TCPP are added to materials such as insulation
boards, which are often made from oil-based products (synthetic insulation material) that would
otherwise burn quickly. These materials are commonly used in buildings because they are energy-
efficient, lightweight, cost-effective, and easy to work with.

Several studies have compiled results that suggest that TCPP could have adverse effects and pose a
potential risk for humans and other living organisms, especially aquatic organisms. This comes as a
result from the wide utilization of TCPP and the consequent release of the substance into the
environment. Since TCPP is considered ubiquitous in the environment, exposure can occur through
inhalation, skin contact and incidental ingestion. There is a range of undesired effects, from
toxicological alterations of micro-organisms to different genotoxicological damages in higher
organisms such as humans (Giannakopoulou et al., 2023). A generally shared understanding among
many researchers though is that further studies regarding TCPP are required to evaluate and
determine more specific risks. The results of these studies also highlight the need for measures to
control the introduction of TCPP into the environment (National Center for Biotechnology
Information, 2021). The Danish Environmental Protection Agency (2023) have already concluded
through substance evaluation the need for a harmonised classification for TCPP due to the
substance’s clear carcinogenic effects. Other regulatory action needed at EU level include
identification of TCPP as a substance of very high concern (SVHC) and restriction of the substance.

According to the Fact Sheet on Triphosphates by the Umweltbundesamt of Austria, TCEP has been
increasingly substituted by TCPP since the 1960s. We believe this substitution to be a regrettable
one, as TCPP is suspected to be carcinogenic, reprotoxic, teratogenic, and embryotoxic for humans.
TCPP is regulated via the Toys Directive (EC, 2014) and is also on the SIN-List due to its vPvM
properties. The SIN-list, Substitute It Now List by ChemSec, uses the criteria in REACH to identify
Substances of Very High Concern (SVHC).

Therefore, we expected to find this substance in newer construction materials that have been
fireproofed, such as synthetic insulation boards. Due to its migration potential (vapour pressure of
about 107-3 Pa and water solubility of about 1g/L) and mobility, we also expected it to be found in
stormwater, sewage waters, and indoor dust. Suspected to have PMT properties, we anticipated that
TCPP would be widespread. Hence, this investigation analysed samples from different sites and
different matrices. These hypotheses were confirmed, as TCPP was found in insulation material
(3.7%, material purchased in Tallinn), stormwater (Turku, Stockholm, Vasteras, Helsinki), wastewater
(Stockholm), and dust (Vasteras). For benchmarking, we also used information about the types of
construction materials containing TCPP, as data collected in BVB showed TCPP in about 50 products
at concentrations of 3-20%, mostly in foam/polyurethane products such as foam plastic insulation,
joint foam, and intumescent sealant.

TCPP in stormwater

To present the results of TCPP in analysed stormwater samples, the data is shown in tables
displaying the maximum and minimum values of measured concentrations and detection
frequencies. The different ranges of detection frequencies are indicated to visualise the abundance.

64



Occurrence of Substances of Concern in

the Baltic Sea Region June 2024

0-24% 25-49% 50-74%

Table 17. Frequency and range of TCPP concentration, analysed in stormwater samples in four cities. LOQ was 0.1 pg/L
for the stormwater samples except for samples taken in Vasteras with generally LOQ <0.02 pg/L, but one sample with LOQ

<0.028 ug/L.
(0]3 General Turku Helsinki Vasteras Stockholm
presence in
stormwater

TCPP

Detected/analysed 13/35 6/11 2/5 0/7 5/12
% of detection 37% 55% 40% 0% 42%
Min - Max [ug/L] <0.02-0.52 <0.1-0.52 <0.1-0.18 <0.02 <0.1-0.44

The analyses of OPE compounds in stormwater samples collected from Stockholm, Vasteras, Turku,
and Helsinki provide valuable insights into environmental contamination across different urban
areas. TCPP was detected in the samples, although at relatively low concentrations of 0.12-0.52
ug/L. Compared to the environmental levels found in the Baltic Sea (3-28 ng/L) by Bollmann et al.
(2019), these levels are significantly higher, which is expected. In comparison, PNEC values for TCPP
in freshwater is around 500 pg/L (REACH). Overall, TCPP was found in 37% of the analysed
stormwater samples, see Table 17. In the stormwater samples collected in Turku, TCPP was detected
in 55% of the analysed samples, in all of the investigated locations. In Helsinki and Stockholm, TCPP
was found at one and four different locations respectively, with a detection frequency of
approximately 40% in both cities.

TCPP in wastewater

Residential wastewaters contain 5.5 ug /L, compared to inlet to WWTP 3.6 ug/L and outlet 1.5 pg/L
(only one sample), indicating that residential areas are a major source for TCPP to wastewater
treatment plants. Among the OPEs monitored in wastewater, TCPP was the predominant substance.

TCPP in preschool dust

In this study OPEs were analysed in eight samples of preschool dust in Vasteras, and the median
value was 0.665 ug/g. It is worthwhile to make a comparison to previous investigations in
Stockholm, where TCPP was analysed but not detected in a study from 2015 (Larsson and Berglund,
2015), but in the study from 2020, where it ranges 0.9 — 5.4 pg/g in dust and <LOQ - 30 ng/m? in air
(Langer et al., 2020).

TCPP in different matrices (comparison to other and previous results)

The findings of TCPP in storm water, construction material and dust raised the question if there was
data from previous studies (NHC1, among others performed by the city of Stockholm) to compare
with. In table 18, results from this study (2023, all three) were compared to previous investigations
in Stockholm (2015 and 2020) and an external investigation from the Baltic Sea (Bollmann et al.,
2019).
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Table 18. TCPP in different matrices. “n”” designates the number of samples TCPP was quantified in. “t” designates the

number of samples TCPP was analyzed (total number of samples).

Median Air (n/t) Dust (n/t) WWRA WWTP IN WWTP EF Storm water Surface

(n/t) (n/t) (n/t) (n/t) water (n/t)
g/l g/l g/l g/l

Vg ref ng/m? i B B ug/l w B

20151 <LOQ (0/100)

20202 18.0 (15/18) 1.45 (20/20)

20233 0.665 (8/8)

2023 4 5.5(3/3) | 3.0 (4/4) 1.0 (2/2)

20235 0.05 (13/35)°

20197 0.028 (1/1)

References: 'Larsson and Berglund 2016. 2Langer et al. 2020. 3 Appendix 4 (Visteras). “Appendix 5C (Wastewater, SVOA Stockholm).
SCalculation of median value from all storm water samples taken in this study, Appendix 1,2,4,5B.°In 13 of the samples TCPP was
quantified (average/min/max 0,24/0,12/0,52 pg/l). In 22 of the samples TCCP was below LOQ .” Bollmann et al.,2019.

In addition to above results, there were also investigations on TCPP in material (toys, PVC-flooring
etc) which is presented in table 19. TCPP ranges from below limit of quantification to 160 ug/g.

Table 19. TCPP in material. The material samples were taken and analysed in a previous project performed by the City of
Stockholm and IVL (Langer et al., 2020), except for the PU insulation from Tallinn. Except for the PU insulation, all other
concentrations indicate that the TCCP was not used in these materials as a functional additive.

TCPP in material ug/g
Preschools in Stockholm?

Linoleum <L0Q
old plastic floor (kork-o-plast) <L0Q
PVC floor (old) <L0Q
carpet <LOQ
PVC cover (old) 160
Foam rubber (old) 53
PVC cover (old) 1.8
Foam rubber (old) 4.1
Flooring (new PVC) H2 14
Heavy duty tape 0.19
Insulation (Armaflex?) 1.7
Projector screen 0.86
Toy (soft dino) 0.068
Phthalate-free vinyl glove <L0Q
anti slip material 4.3
resting madress <L0Q
PVC flooring <L0Q
TCPP in construction material, purchased in Tallinn 2

Polyurethane Insulation for external use 37 000

References: ! Langer et al. 2020. 2 Appendix 3. Tallinn/BEF Estonia.
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TCPP — need for source tracking?

Previous mentioned studies have shown that TCPP was not commonly used in consumer goods /
materials from the last century. Comparing these previous results on TCPP to the values found in this
study (insulation board for external use, TCPP was quantified in 3.7% in this material) indicates a
change in chemical composition of materials. However, the diversity of construction materials we
were able to sample is not high. More sampling initiatives are needed to extend our knowledge on
where TCPP exposure originates. Bluntly put, we lack information on the diversity of the potential
sources.

TCPP is suspected to be persistent (Arp and Hale, 2019), as well as mobile, physiochemical
properties that enables migration through matrices into neighboring materials and spaces.
Nevertheless, further research on relevant sources of TCPP is needed. The data indicates that indoor
materials may not be the predominant source of TCPP, as the values found are low but widespread.
However, there appears to be a small but consistent emission into the indoor environment, as both
air and dust contain this substance. It is unlikely that indoor materials are contributing to outdoor
contamination. Specifically, insulation foams, which are used indoors, do not seem to be the main
source. However, there is a suspicion that outdoor sources, possibly involving water contact, are the
primary contributors. Further analysis is needed to confirm this hypothesis.

The use of BVB as information source is important for source tracking since we were able to collect
information in BVB about TCPP. It was found in about 50 products in a concentration of 3-20 %,
mostly in foam/polyurethane products such as foam plastic insulation, joint foam and intumescent
sealant.

Conclusions on findings regarding TCPP

Our study confirmed the presence of TCPP in various matrices, including stormwater, wastewater,
and indoor dust across multiple urban areas, indicating widespread contamination. TCPP, commonly
used as a flame retardant in construction materials, such as PU insulation foams, was detected in
stormwater samples, suggesting potential sources in urban areas. This widespread contamination is
typical for a high-tonnage functional additive with comparably high vapour pressure, water
solubility, and low biodegradability. The regulatory concern is heightened by its carcinogenic
properties. Monitoring and managing the use of flame retardants, particularly in construction
materials, is crucial to mitigate contamination and reduce OPEs release into urban environments and
water bodies. Identifying specific sources and pathways of TCPP release can aid in targeted
mitigation strategies. Further research is needed to comprehensively understand and address the
sources of TCPP contamination.

Metals

Metals in stormwater in four cities

In Turku, Helsinki, Stockholm and Véasteras, metals were analysed in stormwater. The concentration
of Ni, Cu, Zn, Pb are depicted in figure 19. A notable result is the slightly higher concentration of
metals in one site in Turku, compared to almost all other sample sites. For Stockholm sites there will
also be a comparison of stormwater, groundwater and wastewater samples.
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Figure 19. Metals in stormwater in Turku, Helsinki, Stockholm, Véasteras. The x-axis designates different sample sites
explained in Appendices 1,2,4,5A.

Metals in groundwater and wastewater

In the results from Stockholm, a comparison of groundwater and wastewater samples was possible
due to accessible data from the environmental monitoring program. Figure 20 clearly shows that
wastewater from residential areas is contaminated with metals, but also that these metals are
efficiently removed in the wastewater treatment plant (WWTP). Additionally, groundwater has a
very low concentration of metals.
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Figure 20. Metals in groundwater and wastewater in Stockholm. GW-groundwater, RA-wastewater from residential areas,
WW-wastewater (treatment plant), EF — effluent, IN-inlet.

Additional results
In this section we present several important but only briefly described results. For more detailed
information from each partner (city), substance, or matrix, please find the respective appendices.

Chlorinated paraffins

Chlorinated paraffins in dust and construction material

Chlorinated paraffins were measured in indoor dust from preschools in both Vasteras and Stockholm
(see Tables 20 and 21). This investigation analysed short-chain chlorinated paraffins (SCCP), medium-
chain chlorinated paraffins (MCCP), and long-chain chlorinated paraffins. Compared to other
pollutants in indoor dust (see dust section), the levels and distribution of these hazardous
substances suggest an indoor source of chlorinated paraffins. However, chlorinated paraffins were
not detected in any of the construction materials sampled and analysed.

In a previous investigation in Stockholm, chlorinated paraffins were analysed, and the results
indicated a 5-7 times higher concentration compared to those found in the NHC3 screening
activities. In another investigation, where the focus was on following-up on the city’s chemical
demands, a specific building material product (a black condensation insulation) was found to contain
9.1-12% by weight of MCCP and 0.011-0.021% by weight of SCCP (Bohman 2021). This material is
prevalent in buildings with strict energy standards due to its efficient insulation properties and its
ability to reduce condensation on cold surfaces. Additionally, a polyurethane foam was found to
contain 0,77 % by weight of MCCP (Bohman 2021). Dust from a small room, with observed and
numerous pipes covered by the insulation material, contained 30 times higher concentration of
MCCP in dust than the mean value in three adjacent rooms (table 22).
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Table 20. Chlorinated paraffins in indoor dust in preschools in Stockholm, this study (Appendix 5A).

Substance (ug/g) Mean Median Minimum Maximum
> SCCPs (C10-C13) 8.20 3.34 1.23 32.40
>MCCPs (C14-C17) 37.50 23.10 8.45 108.40
>LCCPs (C18-C21) 11.39 7.67 4.44 23.40

Table 21. Chlorinated paraffins in indoor dust in preschools in Vasteras, this study (Appendix 4).

Substance (ug/g) Mean Median Minimum Maximum
YSCCPs (C10-C13) 28,41 33,20 1,45 47,80
>MCCPs (C14-C17) 54,87 49,05 7,48 118,00
YLCCPs (C18-C21) 12,93 8,82 4,52 23,40

Table 22. Preschool dust. Previous results from Stockholm, Langer et al., 2020 (three playing room) and unpublished
results (small room).

Substance (ug/g) Mean value (3 playing room) Small room?
> SCCPs (C10-C13) 3,00 5,00
I_ZMCCPS (C14-C17) 5,00 150,00

Chlorinated paraffins in wastewater

Short-chained chlorinated paraffins (SCCP) and medium-chained chlorinated paraffins (MCCP) were
analysed in wastewater. The results show levels of similar SCCP concentrations in domestic
wastewater in both residential areas Skarpnack and NDS (Figure 21). Comparing the NHC3 screening
results to previous studies from 2018 and 2014 (not shown), the values are steadily decreasing. This
is likely to be due to, to the ban that was introduced through the POPs regulation in 2017.

3 A room with a number of pipes covered by a black condensation insulation
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Figure 21. Chlorinated paraffins in wastewater. Skarpnéck and NDS is domestic waste water from residential areas and
Henriksdal is inlet to the WWTP.

Direct leakage to the drain water run-off-Tunnel sheet investigation

In this investigation the safety of using PVC-sheet in tunnel construction, focusing on Protan 554
supplied by Protan AB, was examined. Results showed that, while phthalates like DiNP and DiDP
were present in the PVC-sheet, their leaching into water was quantifiable but trace amount,
especially at lower temperatures, and no PFAS were detected. Although some hazardous chemicals
were identified, their limited leaching suggests a low environmental and health impact, though
continued monitoring is recommended due to the extensive use of material across many kilometres
of tunnel. See Appendix 5E.

Renovating the floor lowers the content in dust

The study investigated potentially harmful substances in a school, focusing on dust and materials, to
evaluate the impact of floor treatments on the indoor environment. Measurements taken before
and after the floor treatments showed a decrease in the concentrations of most of the analysed
substances, suggesting that these treatments can support the City of Stockholm's efforts toward a
more tox-free school environment. However, long-term risks associated with floor treatments
remain uncertain, emphasizing the need for ongoing research and continuous environmental toxicity
monitoring to ensure chemical safety, especially for children. See Appendix 5F.

Trends of pollutants in WW (RA & inlet)

For some data there are possibilities to draw conclusion on trends and effects of regulation of
hazardous substances. One example is the concentration of DEHP in wastewater, which is steadily
decreasing from 2014 to 2023, Figure 22. The sunset date for DEHP, after which its use is generally
prohibited without authorisation, was February 21, 2015.
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Figure 22. The concentration of DEHP in residential area wastewater from a residential area in Stockholm, Skarpnéck
2014-2023.
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HS avoidance in construction and sites

This chapter partly refers to Chapter 9 in The NonHazCity 3 Building Material Catalogue for tox free
construction (NHC3, 2023). The content is a fusion of environmental routines and requirements in
construction process originating from administration and municipal companies / real estate owner /
developers in the City of Stockholm (SISAB, Familjebostader AB, Svenska Bostader AB,
Stockholmshem AB, City Development Department, and Real Estate Department).

Solutions for managing procedures for HS in construction materials and sites at
municipal entity

To control and limit hazardous chemical substances used in construction, the chemicals that are
allowed need to be determined already in the procurement stage. This is achieved by using
assessment tool (based on chemical criteria and a digital logbook) for example
Byggvarubeddmningen (BVB). In the procurement process, formulation of requirements for the
digital logbook, documenting the materials used as well as their chemical composition. A logbook
facilitates substitution of hazardous materials, products, and substances. It also provides valuable
information if the knowledge of what is considered non-hazardous today changes in the future.

To get a better understanding of the power to influence selection of non-hazardous construction-
and building materials, it is necessary to understand the construction process where materials are
selected and when procurement and purchase of materials take place. It is important with
knowledge and management through the construction process. A success factor is that the project is
staffed with committed people. Therefore, in a construction project, there are different crucial
responsibilities that need to be staffed:

Construction project manager: The construction project manager (CPM) is responsible for delivering
information to the BVB manager. In addition, a CPM must ensure that designers and contractors
fulfil their mission in BVB.

Designer: Responsible for ensuring that the chosen products and goods meet the requirements and
are recorded in the logbook in BVB during the detailed design.

Contractor: Responsible for ensuring that all goods and chemical products used in the building as
well as consumable products meet the requirements and are recorded in the logbook in BVB.

BVB manager: Administers the work in BVB and handles deviations. This includes creating logbooks,
inviting designers and contractors to logbooks as well as training and attending construction
meetings as needed.

Head of unit, environmental unit (client’s side): Approves or rejects deviations in planning and
production. Is the owner of all logbooks in BVB.

Planning and programming

The developer should at an early stage decide levels of ambitions and tools for verification, to
ensure the selection of materials without hazardous substances used in the construction process. At
this stage, decisions need to be taken about target levels and verification, tools for documentation
(logbook) and verification of chemical content, preferred product groups. These requirements shall
be incorporated in the specifications for the procurement of contractors and designers.
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Design (architectural and engineering design)

The contract between developer and consultant should indicate that the consultant undertakes to
comply with the requirements and objectives that the developer set, in relation to chemical
substances in construction materials. During the design phase, it is possible to choose design and
functions, but it is also important to control that chosen construction material fulfils requirements of
non-hazardous content.

In the design phase, the BVB manager creates a logbook in BVB and invites relevant actors, assists
with training, creates licenses, and distributes routines. The BVB manager is also available for
questions about material selection during the detailed design. The construction project manager
informs the BVB manager about quantities of goods for registration. The BVB manager reviews the
logbook in BVB prior to construction start.

Construction

During construction, the contractor’s purchasing organization has an important role to play in
relation to selection of non-hazardous construction material and compliance with requirements in
the agreement with the developer. At the end, the BVB manager reviews the logbook within the
framework of the final inspection and reports back to the responsible construction project manager.

Management

Management of buildings in relation to non-hazardous materials is not very common. Chemical
considerations in the management process may be important to consider because a large volume of
products could be used for maintenance during the user phase. Subcontractors in municipalities
often perform maintenance.

Table 23. Examples of aspects to consider.

Nr. Aspects to consider Yes/No

1. Are responsibilities defined at municipality on who will follow
implementation of toxfree, circular and climate neutral aspects during the
construction/refurbishment/extension project?

2. Is organisation of a market consultations with design/architectural
companies considered prior to elaboration of procurement documentation
and launching a procurement procedure?

3. Is application of innovation-friendly procurement procedure e.g. design
contest considered?

4. Is collaboration procedure between the architect/designer and municipality
specialists established to ensure elaboration of a building design meeting the
targets for tox free, circular, climate neutral construction?

5. Is an (electronic, online) logbook created to identify potential materials to be
used for construction/extension/refurbishment of a building?

6. Are options for application of materials containing reduced amount or no
hazardous substances considered at the design stage?

7. Are options for using locally produced (e.g., wood, clay) and/or eco certified
materials considered in the design of the building?
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8. Are options to use reusable, recyclable materials and easy to repair
solutions considered in the design?

9. Are options for application of materials having low embodied energy
considered?

10. Is the new design so flexible, that it can serve for other needs than the
original planned, to save reconstruction in case of the change of the need?

11. Are options for increasing energy performance of the building considered
avoiding “hot spots” e.g., thermal bridges at the design stage?

12. Are options for use of renewable energy sources considered at the design
stage?

Assessment of products and goods (BVB)

In the agreement with a contractor, it is necessary to use the chosen chemical products and
construction products that are registered in the project-specific logbook in the BVB-system.
Consultants and contractors must have the skills and routines necessary to ensure that products,
chemicals, and materials are assessed, and with an overall accepted level of assessment in BVB.
Chemical products and goods that do not meet the municipality’s requirements are handled as
deviations, as described below.

Material requirements
Assessment of construction products in BVB

The party that specifies or intends to use a product is responsible for ensuring that it is assessed in
accordance with BVB's criteria, and that the product meets the following assessment levels:

¢ Products that have gotten the overall assessment Recommended or Accepted are approved for
use. The higher level Recommended must be prioritized over the assessment Accepted.

¢ Products with the overall assessment To be Avoided may only be used after approval from the
customer before use. Products with this assessment must be handled as a deviation (see Deviation
management below).

To ensure that products and goods fulfil the requirements, they must be verified according to BVB's
criteria in the design phase and before purchase and use. The criteria of BVB are updated regularly.
This means that even if a product previously met the requirement for an assessment level, the
assessment could have changed. Therefore, the current assessment of a product must always be
confirmed prior to use.
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A hired consultant or contractor is responsible for documenting goods on BVB's web portal before
they are purchased and used. The customer reimburses the verified license cost for BVB for one user
per consulting company or contractor per project. Prior to final reporting, the consultant or
contractor must notify the customer when registration of all included goods is completed.

Handling of unassessed products and goods

The priority is to use products and goods that are assessed in BVB. If the desired product is not
assessed in BVB, the consultant or contractor must search for an alternative product. The product
should have the overall assessment Recommended or Accepted. If there is no satisfactory
alternative, the consultant or contractor must contact the supplier of the initial product to request
an assessment of the product. The supplier must bear the cost for the assessment.

The priority order for a situation where a product is not assessed in BVB is shown below.

1. The consultant or contractor contacts the supplier of the desired product and asks them to submit
the goods for assessment in BVB.

2. During the assessment period for the product, the consultant or contractor can enter the product
in BVB with a placeholder ("Own product").

3. The consultant or contractor asks the supplier to be notified of the BVB identification number
(BVB ID) when the product is assessed in BVB.

4. When the product is assessed, "Own product" must be replaced with the assessed product in the
logbook (BVB ID required).

The product may not be used until all steps above have been completed and the product has been
published with its assessment in the BVB system.

If the supplier cannot assess the product and there are no alternative products that meet the
specified requirements, the product must be registered in BVB as an "Own product"” and handled as
a deviation. The consultant or contractor must be able to confirm that the supplier has been
contacted before a deviation can be established.

Deviation management

All products, materials, and goods must be logged before they are used or installed. Designers and
contractors must document and justify deviations from material requirements in a deviation report
in BVB. The BVB manager from the contractor’s side is responsible for the deviation management.

Deviations must be reported to the customer. The decision whether a product with a deviation
should be used or not must be made by the person responsible for the project prior to use of the
product on the construction site. Quantity and location of products that have received the
assessment To be Avoided or products that are not assessed at all (“Own products”) must be
declared as deviations in BVB. If the deviation routine is not followed and thereby prevents the
correct actions, this may become an inspection remark.

When a deviation is registered in BVB, the attempts that have been made to find an alternative
product as well as a summary of the dialogue with the supplier must be submitted alongside the
deviation.
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If the product has the assessment To be Avoided due to a lack of documentation, the person who
proposed the product must contact the supplier and ask them to update the documentation for
reassessment of the product.

The following deviations cannot be approved:
Products that lack complete or correct assessment documentation.

Products that are logged in the logbook after they have been installed or used.

Follow-up processes
Depending on the requirements set in the procurement documents, different follow-up processes
can be used. Below are some examples:

Follow-up meetings with the contractor and/or material supplier.
Measurement of quality through indicators or key figures.
Randomized verification of invoices.

Survey submitted to suppliers, clients or third parties (e.g., residents).
Follow-up of self-reporting from suppliers.

Follow-up of management systems for environment and quality.
Notified or unannounced follow-up visits to the supplier.

Planned or randomized audits of a supplier.
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Summary and conclusions

The findings highlight both progress and challenges in the construction sector's approach to
chemical management and sustainability. The widespread use of various chemicals across different
material groups underscores the complex composition of construction materials and the potential
risks associated with their use.

The analysis of construction materials revealed significant insights into the presence of various
chemicals and substances, as well as the absence of certain hazardous compounds. Key findings
from the analysis include:

In exterior paints, high levels of biocides such as lodocarb and Diuron were detected, particularly in
samples collected from Stockholm. Additionally, significant concentrations of metals like titanium,
aluminium, and chromium pose potential environmental and health risks.

Flooring materials exhibited a diverse range of plasticizers, with varying concentrations across
different samples from Stockholm, Vasteras, and Tallinn. The presence of DEHP, DiNP, and other
plasticizers raises concerns about their impact on indoor air quality and human health. PFAS
compounds are a major issue because of their ubiquitous presence in the environment. They have
previously been shown to be widely used in construction materials. However, in this screening only a
few products were found to contain PFAS. Further work is needed to identify the sources of PFAS.

The absence of certain hazardous substances, such as HBCDD and organophosphate flame
retardants, is encouraging. However, concerns remain regarding the presence of biocides,
plasticizers, and PFAS compounds in construction materials,.

Dust reflects the chemical composition of the indoor environment. The samples analysed in this
study contained organic pollutants such as plasticizers, PFAS, and chlorinated paraffins, with some
samples having up to 0.1% by weight of these pollutants. Although levels of some hazardous
substances have decreased compared to earlier studies, dust still contains a significant number of
pollutants. The presence of these hazardous substances in dust was strongly linked to the type of
materials used in the indoor environment. These results highlight the importance of better material
choices and stricter regulations to reduce health risks from exposure to these contaminants in
indoor environments.

Stormwater acts as a conduit between the built environment and the natural environment,
transporting several pollutants, including biocides, organophosphate esters, metals, and PFAS. There
were notable differences in urban stormwater contamination between the cities included in the
study.

Contamination of stormwater by biocides used in construction materials was evident. Stormwater
samples from areas with predominantly new wooden claddings showed higher levels of biocides
such as Diuron, Propiconazole, and Mecoprop across various cities. These concentrations were
significantly higher in stormwater runoff, particularly in areas with wooden buildings.

PFAS were detected across various matrices, including stormwater, wastewater, indoor dust, and
construction materials. Significant variations in PFAS concentrations among different cities were
noted, with notable occurrences in certain areas with specific types of buildings. Further research is
essential to trace specific sources and pathways of PFAS contamination and develop effective
strategies to prevent their spread.
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Our investigation confirmed the presence of TCPP in various matrices, including stormwater,
wastewater, and indoor dust across multiple urban areas, indicating widespread contamination.
TCPP, commonly used as a flame retardant in construction materials, such as PU insulation foams,
was detected in stormwater samples, suggesting potential sources in urban areas. This widespread
contamination is typical for a high-tonnage functional additive with comparably high vapour
pressure, water solubility, and low biodegradability. The regulatory concern is heightened by its
carcinogenic properties. Monitoring and managing the use of flame retardants, particularly in
construction materials, is crucial to mitigate contamination and reduce OPEs release into urban
environments and water bodies. Identifying specific sources and pathways of TCPP release can aid in
targeted mitigation strategies. Further research is needed to comprehensively understand and
address the sources of TCPP contamination.

Final remarks

Both the objective of a non-toxic environment and the work for true circularity in the construction
sector require the elimination of hazardous chemicals from products. The presence of these
substances hinders efforts towards sustainable resource management and recycling practices.
Stakeholders must adopt a holistic approach prioritising the elimination of hazardous substances,
promoting the use of safer alternatives, and encouraging transparency and collaboration across the
supply chain. Regulatory frameworks play a crucial role in driving industry-wide change, ensuring
compliance with standards, and fostering innovation in chemical management.

While there is still much work to be done to achieve a truly sustainable and circular construction
sector, progress has been made in reducing the presence of certain hazardous substances in
construction materials. By prioritising chemical safety, promoting transparency, and fostering
collaboration, stakeholders have already started, and can continue to work towards a future where
construction materials are safe, environmentally friendly, and conducive to circularity.

These observations and recommendations underscore the need for continued vigilance, further

research, and regulatory oversight to ensure the safe and sustainable use of construction materials
in the built environment.
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Abbreviations

AA-EQS annual average environmental quality standard

Al aluminium

COD chemical oxygen demand
Cr chromium

Cu copper

DBP  dibutyl phthalate

DEHP diethylhexyl phthalate

DiBP  diisobutyl phthalate

DIDP  diisodecyl phthalate

DINCH 1,2-cyclohexane dicarboxylic acid diisononyl ester
DINP  diisononyl phthalate

DMP dimethyl phthalate

DNOP di-n-octyl phthalate

EQS  environmental quality standard

LCCP long-chain chlorinated paraffins

MAC-EQS maximum allowed concentration environmental quality standard
MCCP medium-chain chlorinated paraffins

Ni nickel
OPFR  organophosphate flame retardant
Pb lead

PBDE polybrominated diphenyl ether
PFAS  per- and polyfluoroalkyl substances
PFBA perfluorobutanoic acid

PFBS perfluorobutanesulfonic acid

PFCA perfluorocarboxylic acid

PFHpA perfluoroheptanoic acid

PFHxA perfluorohexanoic acid

PFHxS perfluorohexanesulfonic acid

PFNA  perfluorononanoic acid

PFOA perfluorooctanoic acid

PFOS perfluorooctanesulfonic acid
PFPeA perfluoropentanoic acid

PFSA  perfluorosulfonic acid

PP polypropylene

PVC polyvinyl chloride

SCCP  short-chain chlorinated paraffins
TCPP  tris(2-chloro-1-methylethyl) phosphate
WFD  Water Framework Directive

Zn zinc

6:2 FTS 6:2 fluorotelomer sulfonate
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Introduction

Building materials used both indoors and outdoors may contain chemical substances that pose harm
to the health of humans and the environment. Hazardous substances used in outdoor materials can
leach from the material into rainwater and end up in waterbodies or soil with run-off.

In Europe, some studies have investigated the occurrence of building material associated substances
in stormwaters. For example, several biocides (Paijens et al. 2020), chlorinated paraffins (Birch et al.
2011) and flame retardants (Mertens et al. 2018) have been found in European stormwaters. In
Finland however, the occurrence of hazardous substances from building materials in stormwater is
largely unknown.

We analysed different groups of chemicals associated with outdoor building materials from storm
water in the Turku region, southwest Finland. Our aim was to compare the screening results of
sampling areas with different main building materials, i.e., between wooden construction and other
materials (e.g. concrete, tile). We expected to find more biocides associated with wood (wood
preservatives, biocides used in paints) in the wooden building areas compared to other sampling
locations. We also included a sampling site to account for the possible impact of traffic and air
pollution on the results.

Substance screening

We investigated the leakage of harmful chemicals from building materials into stormwater. The
substances were chosen based on discussions with experts and information from studies on
chemical content of building materials and their occurrence in stormwater. The list of analysed
substances included wide variety of biocides, metals, phthalates, organophosphate flame
retardants, PFAS and chlorinated paraffins.

Biocides

Biocides are used especially on the exterior surfaces of buildings to prevent the growth of
microorganisms and damage to materials. Often wood used in exterior parts of building includes
wood preservative biocides. In addition, biocides, e.g. isothiazolinones, can be used as in-can
preservatives of chemical products, such as paints. Biocides can be mixed with the material or added
as a surface treatment (Paijens et al. 2020). Most products contain more than one biocide to
increase effectiveness. The biocides analysed by Turku UAS in NHC3 included variety of different
biocides approved for use as wood and in-can preservatives.

Many biocides do not have a specific target species, and thus also affect other species in the
environment. The effect depends on the specific compound. Several biocides used in construction
materials are toxic to aquatic organisms. Some are also carcinogenic, mutagenic and toxic to
reproduction (Building material catalogue for tox-free construction 2024).

Phthalates

Phthalates are used as plasticizers, and their source from building materials is especially various PVC
materials. In exterior building materials, PVC is found, for example, in PVC roofs, skylights on
terraces and in various pipes, such as sewer pipes and rainwater wells. For example, DNOP, DEHP,
DIDP and DINP have been observed to leach from PVC roof materials (Miiller et al. 2019).

While phthalates degrade easily in the environment, they are used in high quantities and often
found prevalently. Many phthalates have endocrine disrupting qualities and some a toxic to aquatic
organisms (Building material catalogue for tox-free construction 2024).
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Metals

Metals can leach into the environment from various metallic building materials. However, metals
also have many other environmental sources, such as e.g. traffic. Among building materials, sources
of metals are, for example, metal roofing materials (tin roofs) and rainwater eaves and downspouts
made of metal. Zinc, copper, nickel, aluminum, chromium and lead have been found to be leached
from metallic exterior building materials (Wicke et al. 2022, Miiller et al. 2020, 2019).

Per- and polyfluoroalkyl substances

PFAS are a large group of substances used in variety of products e.g. for their grease, water and dirt
repellent properties. In building materials, PFAS (including fluoropolymers) are used among other
uses are coatings in roofing materials, waterproof membranes, gutters, coatings of windows,
different wood-based products like plywood and fibre boards and in solar panels. In addition, PFAS
compounds are found in some paints, metal coatings, wood varnishes, plastic coatings, sealants,
crystals, adhesives, tapes and electrical wires and cables used in construction (The Green Science
Policy Institute 2021). In this screening, a broad target-analysis of PFAS was done for the storm water
samples.

PFAS are very persistent in the environment, and they either do not degrade, or they degrade into
persistent PFAS. Some PFAS are also bioaccumulative. The adverse effects of many PFAS are poorly
studied, but certain PFAS are known to e.g. be reprotoxic, carcinogenic and immunosuppressive
(Building material catalogue for tox-free construction 2024).

Chlorinated paraffins

Chlorinated paraffins are used as plastic softeners and flame retardants, e.g. in plastics (mostly
PVC), rubbers, paints, sealants and polyurethane foams (Danish Environmental Protection Agency
2014b, Brandsma et al. 2021). Short-chain chlorinated paraffins (SCCPs) belong to the Stockholm
Convention's list of substances to be phased out (UNEP/POPS/SC-8/11). The ban on SCCPs has led to
their replacement by medium chain chlorinated paraffins (MCCP) with a carbon chain length of C14-
17 or containing 45% chlorine by weight. MCCPs are on the candidate list of substances to be added
to the Stockholm Convention (UNEP/POPS/POPRC.17/6). In addition, long chain chlorinated
paraffins (LCCPs) with a carbon chain length of >C18 are in use on the market. The leaching of
chlorinated paraffins into storm water is largely unstudied. In this screening, SCCPs, MCCPs and
LCCPs were analysed from the storm water samples.

Chlorinated paraffins are persistent and toxic (Building material catalogue for tox-free construction
2024).

Organophosphate flame retardants

Organophosphate flame retardants (OPFRs) are added to products to decrease their flammability
and slow down spreading of fire. OPFRs have been used to replace harmful brominated flame
retardants. Some OPFRs are also used as plasticizers. In building materials, OPFR is used e.g. in
sealing and insulating foams, plastic and rubber products, sealants and adhesives. (Blum et al. 2019).

OPFRs have been associated with e.g. neurotoxicity, developmental toxicity, damage to the
reproductive function, endocrine disruption and carcinogenicity. OPFRs are less persistent than the
brominated flame retardants they have been used to replace, but they are often found in the
environment in higher concentrations than the brominated compounds (Building material catalogue
for tox-free construction 2024).
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Methodology

Sampling sites

Illoinen (IL)

In the catchment area of the llloinen sampling site, there are detached houses, some of which were
under construction at the time of sampling, while others were already completed. All the houses in
the catchment area were built after 2019. The exterior cladding of the houses is wood, except for
two houses with a stone surface. Almost all houses have metal roofs. The roads in the area are
asphalted, but the yards of the houses are unpaved. The catchment area has moderately green
areas and permeable surfaces. The catchment area is approximately 5 hectares. Sampling is
conducted from a stormwater pipe that collects water from the yards of the buildings in the
catchment area. The material of the stormwater pipes is PVC.

Kaarina (KA)

The sampling site is in the city centre of Kaarina. The catchment area primarily consists of
apartment buildings and various commercial spaces. About half of the building stock in the area was
completed in the last 10 years, while the remaining buildings are much older and built in a
traditional style. In newer buildings, the roof structures are made of metal, while older buildings
have tiled roofs. Solar panels are installed on the roof of the city hall. Most surfaces in the
catchment area are asphalted, and there are only a few green areas. The catchment area is
approximately 23 hectares. Samples are taken from a stormwater pipe that collects runoff water
from the central area.

Pddskyvuori (PV)

The catchment area of the Paaskyvuori sampling site has plans for the construction of seven
apartment buildings, of which five were completed at the time of sampling. Construction of the
remaining buildings had not started at the time of sampling, except for some ground works. The
completed apartment buildings feature brick cladding, glass balconies, and metal roofs. Waste
sheds in the yards have wooden cladding and green roofs. Yard areas and roads are paved. The
catchment area is approximately 5.5 hectares. Sampling was carried out from a stormwater wetland
that collects runoff water from the catchment area. The material of the stormwater pipes is
unknown.

In the upper part of the catchment area, there was military activity from 1930 to 2012, suspected to
have caused soil contamination. In 2018, soil classified as contaminated with metals and PAH
compounds was removed from the area. Soil investigations were conducted at the site in 2020,
revealing elevated levels of zinc, individual PAH compounds, and arsenic. The detected
contaminants are not highly mobile and are poorly volatile. Additionally, some areas of the soil
contain construction waste. As a remediation measure for the contaminated soil, mass exchange
has been done.

Ldnsikeskus (LK)

The sampling site in Lansikeskus is entirely on asphalted roads. The drainage area is very small, only
about 560 square meters, and does not have any buildings. The sampling site has been selected as a
control point for atmospheric deposition and traffic. The material of the stormwater pipes is at least
partly polypropylene, but the material of all pipes is not known.

Sample collection

11 storm water samples and one blank sample were collected from September to November of
2023. In locations with stormwater pipes, one hour composite sample was collected during rain,
while in locations with stormwater ponds, samples were collected after rain.

Table 1. Sampling locations and information on the sampling
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Sampling location Number of samples Sample collected from
llloinen 3 stormwater pipe
Kaarina 3 stormwater pipe
Paaskyvuori 3 stormwater pond/pool
Lansikeskus 2 stormwater pond/pool

Each sampling location was assigned its own sampling gear, used to collect samples only that
location to avoid cross-contamination. Material of all sampling gear was food-grade polypropylene
(PP). Before sampling, all sampling equipment was washed first using tap water, and then rinsed
first with MilliQ water and finally ethanol. All sampling gear was transported lid closed or in closed
containers to the sampling location and was rinsed using the water from the sampling location
before starting to collect the sample. To avoid contamination from e.g. clothing fibres, protective
cotton coats, low-linting hair nets and nitrile gloves were worn when handing sampling gear or
samples.

For samples collected from storm water pipes (sites IL and KA), 2 | subsamples were collected during
a rain event using PP water scoops every 10 minutes for an hour, i.e., at 0-, 10-, 20-, 30-, 40-, 50-
and 60-minute marks, into a 30 | bucket. Between taking sub samples, the water scoop was stored
in another PP bucket with the lid closed to avoid contamination. For samples collected from storm
water ponds (sites PV and LK), water from the pond close to the stormwater pipe was collected
after a rain event into a 30 | bucket using 2 | water scoops without disturbing the bottom of the
pond. Total sample volume using both methods was 14 I.

After collecting the full volume, the sample was mixed thoroughly with the scoop for 30 seconds
without making a vortex. After mixing, the sample was transferred into the bottles provided by the
laboratory using a PP jug. Sample bottles were transported in polystyrene cooler boxes containing
freezer packs to keep the sample temperature low. The samples were sent to the analysis
laboratory via mail as soon as possible.

Possible contamination from the sampling gear and sampling method was tested by taking a blank
sample of MilliQ water. Blank sample was taken in similar way to the one-hour composite sampling,
i.e., 2 | of MilliQ water was taken into 30 | bucket every 10 minutes for an hour, mixed, and
transferred to the sample bottles. MilliQ water was transported to the field location in a Nalgene
PP-container.

In the blank sample, DEHP (0,4 ug/l), DiBP (0,1 ug/l), zinc (0,0065 mg/I) and nitrogen (180 mg/I)
were found. DEHP and DiBP were not found in most of the storm water samples, so contamination
from the sampling gear seems unlikely. Similarly, concentrations of Zn and N in the storm water
samples were notably higher than in the blank. Instead, contamination in the blank sample probably
originated from the MilliQ equipment, as it includes both plastic and metal parts.

Table 2. Analysed substance groups, sample volumes and material of bottle.

Substance analysis Analysed from Bottle Bottle material
package volume/ml

Biocides All samples, blank 500 glass

Phthalates All samples, blank 1000 glass with Telfon cap
Elements All samples, blank 100 plastic
Perfluorinated All samples, blank 500 plastic

compounds
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Medium chain chlorinated | All samples, blank 1000 plastic
paraffins (MCCPs)
Organophosphate flame All samples, blank 1000 plastic
retardants
Isothiazolinones First sample from each 100 plastic
location, blank
Biocidal transformation First sample from each 100 plastic
products location, blank
Quaternary ammonium First sample from each 500 plastic
compounds location, blank
Short chain chlorinated First sample from each 1000 plastic
paraffins (SCCPs) location, blank
Long chain chlorinated First sample from each 1000 plastic
paraffins (LCCPs) location, blank
Fluorotelomer alcohols First sample from each 100 plastic
location, blank
Solids, conductivity, total | All samples, blank 2 x 1000 plastic
phosphorus and nitrogen,
CoD
Table 3. Temperature and rain conditions during sampling
Sample | Method | Date Av. Max. Min. Temp. Rain Rain during Comment
temp. temp. o | temp. during previou | sampling (for
of f of sampling/°C | s 24 composite
previou [ previous | previou h/mm samples)/m
s24 24h/°C |[s24 m
h/°C h/°C
L1 1h 19.9.2023 | 12,70 16,4 9,1 16,2 2,25 4,16 Taken
composite during rain
IL2 1h 31.10.2023 | 2,20 7,4 0,1 6,2 9,44 0,96 Taken
composite during rain
I3 1h 22.11.2023 | -2,30 3,6 7,4 1,8 7,65 3,18 Taken
composite during rain
PV1 storm 20.9.2023 | 15,30 17,8 12,4 12,8 18,27 - Taken after
water rainin
pond following
morning
PV2 storm 11.10.2023 | 9,70 12,5 6 12,5 5,7 - Taken after
water rainin
pond following
morning
PV3 storm 23.11.2023 | 1,70 3,6 -6,2 3,2 19,86 - Taken after
water rainin
pond following
morning
KA1 1h 4.10.2023 | 10,90 14 8,2 9,4 20,9 0 Taken after
composite rain when
there was
still flow
KA1 1h 31.10.2023 | 1,80 7,3 0,1 6,7 9,44 0 Taken after
composite rain when
there was
still flow
KA3 1h 22.11.2023 | -1,70 3,6 7,4 2 14,05 2,79 Taken
composite during rain
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LK1 storm 20.9.2023 15,30 17,8 12,4 12,9 18,27 - Taken after
water rainin
pond following

morning

LK2 storm 1.11.2023 3,40 7,4 0,6 0,6 15,1 - Taken after
water rainin
pond following

morning
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Results
PFAS

PFAS were found in every sample from all locations. Most commonly found compound was PFOA,
which was found in all samples except one, followed by PFBA and PFOS.

Compared to the site with wooden house (IL) and control site (LK), the sum concentrations of PFAS
were clearly higher in locations with non-wooden construction (PV, KA), where the mean of total
sum of PFAS was more than double those in the other two sites. Although the means of total sum of
PFAS were similar between the PV and KA sites, the profiles of the PFAS compounds differed
between them. In PV site, PFCAs dominated over the PFSAs, while in KA, the mean sum of PFCAs
and PFSAs were on similar level. This was due to high concentrations of PFOS compared to other
PFAS found in KA site. In PV, the individual PFAS substances with the highest concentrations were
PFHxA, PFPeA and PFBA.

The mean sum concentrations of PFAS were lowest in the wooden housing area IL. While
concentrations in IL were on otherwise on similar level to the control site LK, in LK higher
concentrations of PFOS and PFBS were found compared to IL.

Table 4. TUAS results for PFAS in stormwater samples
ug/! i1 L2 I3 PV1 PV2 PV3 KA1 | KA2 KA3 LK1 Lk2

PFBA <0,0025| 0,002 | 0,0006 [ 0,005 | 0,004 | 0,003 | 0,004 | 0,004 | <0,0005| 0,0009 | 0,002
PFPeA | <0,0005| 0,001 | <0,0005| 0,009 | 0,008 | 0,004 | 0,008 | 0,003 | 0,003 | <0,0005| 0,0009
PFHXA | <0,0025| 0,002 | <0,0005| 0,018 | 0,011 | 0,004 | 0,006 | 0,003 | 0,002 | <0,0005| 0,001
PFHpA 0,001 | <0,0005| <0,0005| 0,003 | 0,002 | 0,001 | 0,003 | 0,001 | 0,0008 | <0,0005| 0,0007
PFOA 0,0006 | 0,0006 | <0,0005| 0,003 | 0,002 | 0,001 | 0,006 | 0,002 0,002 | 0,0006 | 0,0009

PENA <0,0005 | <0,0005| <0,0005| 0,001 | 0,001 | 0,0005 | 0,0007 | 0,0006| <0,0005 <0,0005| <0,0005
PFBS <0,0005 | <0,0005| <0,0005| 0,004 | 0,003 | 0,001 | 0,004 | 0,001 | <0,0005| <0,0005| 0,002
PFHXS | <0,0005 | <0,0005 | <0,0005| 0,0007 | 0,0006 | <0,0005| 0,002 | 0,0008| <0,0005| <0,0005( 0,001
PFOS <0,0005 | 0,0005 | <0,0001| 0,001 | 0,002 | 0,001 | 0,022 | 0,006 | 0,009 | 0,0008 | 0,006
6:2FTS | <0,0005 | <0,0005 | <0,0005 | <0,0005 | <0,0005 | <0,0005| 0,001 | 0,001 | <0,0005| <0,0005 | <0,0005

Sum 0,0016 | 0,0061 | 0,0006 | 0,0447 | 0,0336 | 0,0155 | 0,0567| 0,0224( 0,0168 | 0,0023 | 0,0145
total

Sum

PFCAs 0,0016 | 0,0056 | 0,0006 0,039 0,028 0,0135 | 0,0277( 0,0136( 0,0078 | 0,0015 | 0,0055
Sum

PFSAs 0 0,0005 0 0,0057 | 0,0056 | 0,002 | 0,029 | 0,0088( 0,009 [ 0,0008 | 0,009
Elements

Metals were found in all samples. Generally, both concentrations and profiles of investigated metals
were similar between all sites. Concentrations of Al were highest, followed by Zn and Cu. Ni, Pb and
Cr were also commonly found. There were no differences in the metal concentrations of the built
and unbuilt sites, as the concentrations of metals were similar between KA, PV and control site LK.
In IL, however, metal concentrations were about double those of the other sites.

In addition to metals, boron was also analysed, as boron based biocidal products are commonly
used in e.g. roofings. Boron was found from one sample per sampling location. Concentrations were
highest in LK (control), concentration being double those found in other sampling locations.
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Table 5. TUAS results for elements in stormwater samples

mg/I L1 L2 L3 PV1 PV2 PV3 KA1 KA2 KA3 LK1 LK2
Nickel 0,0042 | 0,0098 | <0,0030 | 0,0081 | 0,0056 | 0,0055 | 0,0037 | <0,0030 | <0,0030 | <0,0030 | 0,0036
Copper 0,016 | 0,032 | 0,01 0,012 | 0,0069 |0,0082 | 0,013 | 0,0096 | 0,006 | 0,0075 | 0,019
Zinc 0,036 | 0,12 | 0,014 | 0,048 | 0,031 | 0,024 | 0,02 | 0,048 | 0,028 | 0,024 | 0,044
Aluminium | 15 6,2 0,61 1,4 0,86 2,6 1,7 1,1 1,4 0,26 2,8
Lead 0,0016 | 0,0039 | <0,0010 | <0,0010 | <0,0010 | 0,0018 | 0,0015 | 0,001 | 0,0011 | <0,0010 | 0,0034
Chromium | 0,0055 | 0,013 | <0,0030 | <0,0030 | <0,0030 | 0,0044 | 0,0031 | 0,0033 | 0,0033 | <0,0030 | 0,0057
Boron <0,050 | 0,08 | <0,050 | 0,07 | <0,050 |<0,050 |<0,050| 0,071 | <0,050 | <0,03 | 0,16

Biocides and their transformation products

Biocides were found in all sampling sites except for the control site in LKs showing clear contrast
between the sites with and without buildings. Sum concentrations of biocides in focus (used in
construction materials) were highest in IL, where most buildings are made with wood-based
materials. Highest individual biocide concentration of 1.9 pg/l was found for diuron in IL, being
more than 1 pg/l higher than concentrations of other biocides. In other sites, diuron was either
found only in low concentrations or not found at all.

The biocides profile in focus differed between sites. While in both IL and PV propiconazole and
tebuconazole were commonly found, in neither substance was found in the samples from KA.
Instead, terbutryn was found in every sample from KA, while in IL it was found only in one sample,
and not found in PV. Mecoprop, used commonly as herbicide but also reported in literature in
construction materials, was found only in one site, PV. Out of the biocide transformation products,
2-hydroxyterbuthylazine, metabolite of terbuthylazine, was found in one sample from IL and from
KA in low concentrations.

In addition to the biocides in focus (used in construction materials), we also found biocides used in
other purposes, such as weed and pest control and repelling, including prosulfocarb, MCPA,
diethyltoluamide and imidacloprid. Isothiazolinones and quaternary ammonium compounds were
not found in any samples.

Table 6. TUAS results for biocides in stormwater samples

ug/! IL1 L2 IL3 PV1 PV2 PV3 KA1l KA2 KA3 LK1 LK2
Propiconazole 0,17 0,12 |<0,010 | 0,099 | 0,042 | 0,019 (<0,010 |<0,010 |<0,010 |<0,010 |<0,010
Tebuconazole 0,13 (0,078 | 0,11 | 0,072 | 0,023 (<0,010 |<0,010 |<0,010 |<0,010 [<0,010 |<0,010
Terbutryn <0,050 (<0,005 | 0,006 |<0,005 |<0,005 (<0,005 | 0,008 | 0,014 | 0,11 |<0,005 [<0,005
Diuron 0,035 | 0,55 1,9 |<0,010 |<0,010 |<0,010 |<0,010 (<0,010 | 0,011 (<0,010 (<0,010
Mecoprop <0,010 (<0,010 |<0,010 | 0,01 |<0,010 | 0,018 |<0,010 |<0,010 |<0,010 |<0,010 |<0,010
MCPA <0,010 |<0,010 |<0,010 | 0,081 | 0,015 | 0,049 [<0,010 [<0,010 (<0,010 |<0,010 [<0,010
Imidacloprid 0,034 (<0,010 |<0,010 |<0,010 |<0,010 (<0,010 |<0,010 |<0,010 |<0,010 (<0,010 |<0,010
BAM (2,6-

. . <0,010 [<0,010 |<0,010 |<0,010 |<0,010 |<0,010 | 0,017 | 0,013 (<0,010 (<0,010 |<0,010
dichlorobenzamide)

Prosulfocarb <0,010 (<0,010 |<0,010 |<0,010 | 0,048 (<0,010 {<0,010 |<0,010 |<0,010 (<0,010 {<0,010
2-hydroxy-terbuthylazine

(terbutylazine m.) 0,026 - - <0,005 - - 0,021 - - <0,005 -
N,N-dimethylsulfamide 0.052

(dichlofluanid m.) <0,02 - - <0,02 - - ’ - - <0,02 -
Anthraquinone <0,10 | 0,018 | 0,013 |<0,010 |<0,010 [<0,010 [<0,010 | 0,014 |<0,010 |<0,010 |<0,010
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Diethyltoluamide (DEET) |<0,050 | 0,008 | 0,007 |<0,005 |<0,005 |<0,005 |<0,005 | 0,008 |<0,005 |<0,005 |<0,005

Fluroxypyr <0,010 (<0,010 |<0,010 (<0,010 |<0,010 |<0,010 |<0,010 | 0,011 |<0,010 |<0,010 |<0,010

Phthalates

Against expectations, phthalates were found only in some samples. In total, only four individual
phthalates were found: DMP, DEHP, DiBP and DBP. The concentrations of all compounds were in
similar range and generally low. Highest phthalate concentration was found for DMP in Illoinen.
Phthalates were found also in LK (control), possibly originating in the plastic stormwater piping,
from which the water goes through before entering the pond. Similarly, in IL and KA plastic
stormwater pipes are used in the area. In PV, phthalates were not found.

Table 7. TUAS results of phthalates in stormwater samples

ug/! I | w2 | w3 | pvai | Pv2 | PV3 | KA1l | KA2 | KA3 | LK1 | Lk2
Dimethyl phthalate (DMP) 04 [ 02 |<01]| <01 | <02 | <0,1 |<0,1 | <0,1|<0,2 <01 | <0,1
Diethylhexyl phthalate (DEHP) <0,1 | 01 |[<01| <01 | <0,2 | <0,1 |<0,1|<0,1]| 0,2 | 0,1 | <01
Diisobutyl phthalate (DiBP) <0,1 | <0,1 | <0,2 | <0,1 | <0,2 | <0,2 | <0,1| 0,2 | 0,2 | <0,1 | 0,1
Dibutyl phthalate (DBP) <0,1 | <0,1 | <0,1 | <0,1 | <0,2 | <0,1 |<0,1| 0,1 | <0,2 | <0,1 | <0,1

Organophosphate flame retardants

Out of the analysed organophosphate flame retardants, only compound found was tris(2-chloro-1-
methylethyl) phosphate (TCPP). TCPP was found in at least one sample in each sampling site, also in
LV (control). Highest TCPP concentration was found in KA, where TCPP was found in one sample

with concentrations of 0.52 pg/I.

Table 8. TUAS results for organophosphate flame retardants in stormwater samples
ug/! i1 L2 I3 PV1 PV2 PV3 | KA1 | KA2 | KA3 LK1 LK2

TCPP

0,2 0,23 <0.1 0,13 <0.1 <0.1 <0.1 0,52 <0.1 0,12 0,12

Chlorinated paraffins
Concentrations of chlorinated paraffins were below the laboratory reporting limit in all samples.

Interpretation and discussion of results

Metals

Lack of differences in the metal concentration between sampling sites, including the control site,
indicates that the main sources of the studied metals is something other than building materials,
such as emissions from traffics. The result was unexpected, as the study site have mainly metal roofs
and rain gutters, which have been shown to leach metals into rainwater (Mdller et al. 2019).

Biocides

The area with mainly wooden building had higher concentrations of biocides compared to the areas
with tile and concrete buildings. No biocides were found in the LK control area, strongly indicating
that traffic and air deposition is not a source of the investigated biocides. The result supports the
hypothesis that wooden construction is a significant source of biocides.

12



Appendix 1.

Occurrence of Substances of Concern in

the Baltic Sea Region June 2024

Highest biocide concentrations were found for diuron in IL, where the mean concentration (xx)
exceeded the substance’s surface water AA-EQS of 0,2 ug/l, and the highest concentration (1,9 pg/l)
also exceeded the MAC-EQS of 1,8 ug/l given in the Water Framework Directive (WFD; Directive
2000/60/EC). The EQSs for diuron have been proposed to be lowered in the updated WFD, the new
AA-EQS being 0,049 ug/| for inland surface waters, 0,0049 ug/| for other surface waters, and new
MAC-EQS being 0,27 ug/l and 0,054 pg/l, respectively. Two samples for IL exceeded the proposed
lower MAC-EQSs. The results shows that construction materials can leach biocides in
environmentally relevant concentrations, potentially posing harm to the ecosystem health. Diuron is
not currently approved for use as wood preservative, but it is used as preservative in e.g. paints and
construction materials (product categories 7 and 10, ECHA).

After diuron, the highest biocide concentrations were found for propiconazole and tebuconazole,
highest concentrations in IL being 0,17 and 0,13 pg/I, respectively. Both substances were also found
in PV, but concentrations were lower than in IL. Currently, propiconazole has been approved in EU
for use as preservative of films, wood and fibre, leather, rubber, and polymerised materials (product
categories 7, 8 and 9). Tebuconazole has been approved for use as preservative of films, wood, and
construction materials (product categories 7, 8 and 10). No EQSs exist for either substance.

Mecoprop and 2-hydroxyterbutylazine (degradation product of terbutylazine) were also found in
some of the samples. While use of neither substance is currently allowed for use as biocide for
construction materials in EU, they might be present in some materials and leach into the
environment (Paijens et al. 2020).

PFAS

Opposite to the result with the biocides, the concentrations of PFAS were higher in the areas with
mainly non-wooden buildings, indicating that the wooden construction contributes less PFAS into
the environment compared to other materials. PFAS were also found in the control areas, showing
that PFAS may originate also from traffic or air deposition. However, the PFAS concentrations in the
areas with buildings were higher than in the control area, indicating that building materials or other
urban sources than traffic contributes to the environmental load of PFAS. The concentrations of PFAS
were mostly similar to what has been found in Finnish urban storm waters previously (Vahtera et al.
2022).

The profile of the found PFAS substances varied between the study sites, suggesting differences in
the source materials between the different sites. In KA and PV, the concentration profiles of PFAS did
not show much variation between the samples from the same site, while in IL the profiles varied
quite a lot. However, the concentrations in IL were also low. The profile of PFAS substances seemed
similar between KA and control site LK. This might indicate that the source for these sites might be
traffic, as these locations are also most heavily trafficked among the sampling sites. In both
locations, PFOS was found in higher concentrations than the other individual PFAS substances. While
use of PFOS is currently restricted, there are several precursor PFAS which can degrade into PFOS in
the environment. In PV, PFPeA and PFHxA had the highest proportion of the total load of analysed
PFAS.

Phthalates

Opposite to the expectations, phthalates were found only in few samples and in low concentrations.
Sampling in the first NonHazCity project found phthalates in higher frequency, being present in 82 %
of the stormwater samples (NonHazCity). Based on the result, it might be that phthalates have been
replaces by other non-phthalate plasticizers in the plastic building materials currently in use. Use of
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traditional phthalates has decreased in the last decades, while use of alternative plasticizers, such as
DINCH (Bui et al. 2016).

Organophosphate flame retardants

Only OPFR found was TCPP. This compound is used as a flame retardant and plasticizer, and it can be
found in e.g. insulation materials and plastics. OPFRs such as TCPP have been used to replace
brominated flame retardants such as polybrominated diphenyl ethers (PBDEs), which are persistent,
bioaccumulative and toxic. However, TCPP is suspected to be carcinogenic, toxic to reproduction and
neurotoxic (Wang et al. 2020), making this a possibly regrettable substitution. The finding of this
substance in all four sampling sites, also the control site, suggests that this contaminant is
widespread in the environment. TCPP is currently regulated in toys in the EU, but otherwise
unregulated despite the suspected adverse effects.

Possible sources of error

Although the substances targeted in the screening were substances that are known to be used in
building materials e.g. based on studies and databases, contribution from other sources, such as
soil, air deposition and traffic, cannot be ruled out. Also, we cannot draw a direct links to the
building materials used in the study areas, as no material samples were analysed.

Conclusions

The results show substances with adverse health and environmental effects can be released from
building materials into stormwaters. These substances can eventually end up in waterbodies, such as
the Baltic Sea. Some substances, such as PFAS, are persistent, contaminating the environment
possibly for a very long time after their initial release. While some substances might degrade faster,
they can still have a harmful effect on the environmental health. For example, many biocides found
in the samples are toxic to aquatic organisms.

The concentrations and profiles of investigated substances in the samples differed between
sampling sites with different building materials or sites with and without buildings. Biocides used as
wood and in-can preservatives were found in higher concentrations from the location with mainly
wooden buildings, showing that wooden construction can be a significant source of these
substances. On the contrary, the concentrations and number of PFAS found in the wooden house
area was lower than in the other locations. The results show that the material choices made affect
also the environment through difference in the burden of hazardous substances leached from them
along run-off.
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Annexes
Table Al. Analysed PFAS, their CAS numbers and laboratory reporting limits (ug/l)
Substance CAS RL
Perfluoroundecanoic acid (PFUnA) 2058-94-8 | 0,000
5
Perfluorotetradecane acid (PFTA) 376-06-7 0,000
5
Perfluoropentane acid (PFPeA) 2706-90-3 | 0,000
5
Perfluorononanoic acid (PFNA) 375-95-1 0,000
5
Perfluoroheptane sulphonate (PFHpS) 375-92-8 0,000
5
Perfluorheptanoic acid (PFHpA) 375-85-9 0,000
5
Perfluorohexane sulfonate (PFHxS) 355-46-4 0,000
5
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Perfluorohexanoic acid (PFHxA) 307-24-4 0,000
5

Perfluorododecane acid (PFDoA) 307-55-1 0,000
5

Perfluordecanoic acid (PFDA) 335-76-2 0,000
5

6:2 Fluorotelomer sulfonate (6:2 FTS) (H4PFOS) 27619-97-2 | 0,000
5

1H,1H,2H,2H-Perfluorohexanesulfonic acid (4:2 FTS) 757124-72- | 0,000
4 5

Perfluorobutanoic acid (PFBA) 375-22-4 0,000
5

Perfluoropentanesulfonic acid (PFPeS) 2706-91-4 | 0,000
5

Perfluorooctanoic acid (PFOA) 335-67-1 0,000
5

Perfluorooctadecanic acid (PFODA) 16517-11-6 | 0,000
5

Perfluorononanesulfonic acid (PFNS) 68259-12-1 | 0,000
5

Perfluorohexadecanic acid (PFHxDA) 67905-19-5 | 0,000
5

Perfluorbutansulfonate (PFBS) 375-73-5 0,000
5

Henicosafluorodecanesulphonic acid 335-77-3 0,000
5

8:2 Fluorotelomer sulfonate (FTS) 39108-34-4 | 0,000
5

Perfluorooctane sulphonic acid (PFOS) 1763-23-1 | 0,000
1

Perfluorotridecanoic acid (PFTrDA) 72629-94-8 | 0,000
5

Perfluorododecanesulfonic acid (PFDoS) 79780-39-5 | 0,000
5

2H-Perfluoro-2-decenoic acid (8:2 FTUCA) 70887-84-2 | 0,000
5

perfluoro-n-tridecane sulfonic acid (PFTriDS) 791563-89- | 0,000
8 5

Perfluoroundecane sulfonic acid 749786-16- | 0,000
1 5

Perfluorooctane-sulfonamide (PFOSA) 754-91-6 0,000
5

Perfluoro-1-hexanesulfonamide (FHxSA) 41997-13-1 | 0,000
5

Perfluorobutane-sulphonamide (PFBSA) 30334-69-1 | 0,000
5

Perfluoro(2-ethoxyethane)sulfonic acid (PFEESA) 113507-82- | 0,000
7 5

Nonafluoro-3,6-dioxaheptanoic acid (NFDHA/3,6-OPFHpA) 151772-58- | 0,000
6 5

Perfluoro-4-methoxybutanoic acid (PFMBA/PF50HXA) 863090-89- | 0,000
5 5

Perfluoro-3-methoxypropanoic acid (PFMPA/PF40PeA) 377-73-1 0,000
5
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Bis(1H,1H,2H,2H-perfluorooctyl)phosphate (6:2 DiPaP) 57677-95-9 | 0,000
5
9H-Perfluorononanoic acid (9H-PFNA) 76-21-1 0,000
5
Perfluoro-(2,5,8-trimethyl-3,6,9-trioxadodecanoic)acid (HFPO-TeA) 65294-16-8 | 0,000
5
5H-Perfluoropentanoic acid (5H-PFPeA) 376-72-7 0,000
5
HFPO-TA 13252-14-7 | 0,000
5
8:2 Fluorotelomer phosphate diester (8:2 diPAP) 678-41-1 0,000
5
11CI-PF30UdS 763051-92- | 0,000
9 5
Perfluor-1-octanesulphonamide-EtAce (PFOSAA), sum of linear and branched 2991-50-6 | 0,002
N-methylperfluorooctanesulfonamidoacetic acid (MeFOSAA), sum of linear and 2355-31-9 | 0,002
branched
Perfluorooctanesulfonamidoacetic acid 2806-24-8 | 0,005
9CI-PF30NS 756426-58- | 0,000
1 5
P37DMOA (Perfluoro-3,7-dimethyloctanoic acid) 172155-07- | 0,000
6 5
Perfluoro-4-ethylcyclohexanesulfonate 335-24-0 0,000
5
ADONA 919005-14- | 0,000
4 5
7H-Dodecafluoroheptanoic acid (HPFHpA) 1546-95-8 | 0,000
5
HFPO-DA (GenX) 13252-13-6 | 0,000
5

Table A2. Analysed biocides, their CAS numbers and laboratory reporting limits (ug/I)

Substance CAS RL
2,4-Methoxychlor 30667-99-3 0,005
Quintozene 82-68-8 0,005
Chlorothalonil 1897-45-6 0,005
Chloroneb 2675-77-6 0,005
Chlormephos 24934-91-6 0,005
Chlorfenson 80-33-1 0,005
Chlordecon 143-50-0 0,005
Chlordane, oxy- 27304-13-8 0,005
Chlordane, trans- 5103-74-2 0,005
Chlordane, cis- 5103-71-9 0,005
Heptachlor epoxide, trans- 28044-83-9 0,005
Isodrin 465-73-6 0,0025
Heptachlor epoxide, cis- 1024-57-3 0,005
Heptachlor 76-44-8 0,005
Chlorbenside 103-17-3 0,005
Captan 133-06-2 0,02
Hexachlorobutadiene 87-68-3 0,005
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Hexachlorobenzene (HCB) 118-74-1 0,01
Lindane (gamma-HCH) 58-89-9 0,001
HCH, beta- 319-85-7 0,001
HCH, alpha- 319-84-6 0,001
Flucythrinate 70124-77-5 0,005
Fenvalerate 51630-58-1 0,05
Perthane 72-56-0 0,005
Phenothrin 26002-80-2 0,02
Esfenvalerate 66230-04-4 0,05
Endrin 72-20-8 0,0025
Endrin ketone 53494-70-5 0,005
Endrin-aldehyde 7421-93-4 0,005
Endosulfan sulphate 1031-07-8 0,005
Endosulfan, beta- 33213-65-9 0,0025
Endosulfan, alpha- 959-98-8 0,0025
Dicofol (Kelthane) 115-32-2 0,001
Dichlobenil 1194-65-6 0,005
Dieldrin 60-57-1 0,0025
Deltamethrin 52918-63-5 0,01
Diethyltoluamide 134-62-3 0,005
4,4'-DDT 50-29-3 0,001
Allethrin 584-79-2 0,1
Aldrin 309-00-2 0,0025
Acrinathrin 101007-06-1 0,005
4-Chloro-3-Methylphenol 59-50-7 0,005
4-Chloro-2-Methylphenol 1570-64-5 0,005
2,4-Dichlorophenol 120-83-2 0,005
Trans-Permethrin 61949-77-7 0,005
cis-Permethrin 61949-76-6 0,005
HCH, delta- 319-86-8 0,001
Ethofumesat-2-keto 0,01
Ethofumesate 26225-79-6 0,005
Chloropropylate 5836-10-2 0,005
Pyrimethanil 53112-28-0 0,005
Triclosan-Methyl 4640-01-1 0,005
Vinclozolin 50471-44-8 0,005
Triclosan 3380-34-5 0,005
Trifluralin 1582-09-8 0,005
Transfluthrin 118712-89-3 0,005
Tetramethrin 7696-12-0 0,005
Tetradifon 116-29-0 0,005
Terbutryn 886-50-0 0,005
Tecnazene 117-18-0 0,005
Tefluthrin 79538-32-2 0,005
Cyprodinil 121552-61-2 0,005
Cypermethrin (sum of isomers) 52315-07-8 0,005
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Prochloraz 67747-09-5 0,2
Prometryn 7287-19-6 0,005
Cyhalothrin, lambda-(incl. Cyhalothrin, gamma-) 91465-08-6 0,01
Irgarol 28159-98-0 0,002
Cyfluthrin beta 68359-37-5 0,005
Pirimicarb 23103-98-2 0,005
Piperonyl butoxide 51-03-6 0,005
Pentachlorobenzene 608-93-5 0,005
Pentachloroanisole 1825-21-4 0,005
Oxadiazon 19666-30-9 0,005
S-Metolachlor 87392-12-9 0,005
Nonachlor, trans- 39765-80-5 0,005
Nonachlor, cis- 5103-73-1 0,005
Mirex 2385-85-5 0,005
2,4’-DDT 789-02-6 0,001
DDM 101-76-8 0,005
4,4-DDD 72-54-8 0,001
4,4’-DDE 72-55-9 0,001
2,4'-DDD 53-19-0 0,001
DDE, o,p- 3424-82-6 0,001
Bifenthrin 82657-04-3 0,005
Bifenox 42576-02-3 0,01
Bifenazate 149877-41-8 0,01
Anthraquinone 84-65-1 0,01
Epoxiconazol 106325-08-0 0,005
4,4’-DDMU 1022-22-6 0,005
Methiocarb 2032-65-7 0,002
Mepanipyrim 110235-47-7 0,005
Methoxychlor, p,p' 72-43-5 0,005
Methoxychlor-olefin, p,p’ 2132-70-9 0,005
BHC (Benzahex) 608-73-1 0,004
Permethrin (sum of isomers) 52645-53-1 0,005
Fluvalinate-tau 102851-06-9 0,05
B-Cyfluthrin 1820573-27-0 0,005
Fluazifop-P-butyl 79241-46-6 0,01
Florasulam 145701-23-1 0,01
Flonicamid 158062-67-0 0,01
Flamprop-isopropyl 52756-22-6 0,01
Fenhexamid 126833-17-8 0,01
Fenamidone 161326-34-7 0,01
Famoxadone 131807-57-3 0,01
Diuron 330-54-1 0,01
Dinoterb 1420-07-1 0,01
Dinoseb 88-85-7 0,01
Dimethomorph 110488-70-5 0,01
Diflufenican 83164-33-4 0,01
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Dimethoate 60-51-5 0,01
Dichlofluanid 1085-98-9 0,01
Difenoconazole 119446-68-3 0,01
Atrazin, desisopropyl- 1007-28-9 0,01
Atrazine-desethyl-desisopropyl 3397-62-4 0,01
Atrazin, desethyl- 6190-65-4 0,01
Buprofezin 69327-76-0 0,01
2,6-Dichlorobenzamide 2008-58-4 0,01
Bentazone 25057-89-0 0,01
Boscalid 188425-85-6 0,01
Bromacil 314-40-9 0,01
Bromoxynil 1689-84-5 0,01
Amidosulfuron 120923-37-7 0,01
Alachlor 15972-60-8 0,01
Acetamiprid 135410-20-7 0,01
Thiamethoxam 153719-23-4 0,01
Thiacloprid 111988-49-9 0,01
Terbuthylazine, desethyl- 30125-63-4 0,01
Terbacil 5902-51-2 0,01
Tepraloxydim 149979-41-9 0,01
Teflubenzuron 83121-18-0 0,01
Tebuconazole 107534-96-3 0,01
Sulfotep 3689-24-5 0,01
Sulfosulfuron 141776-32-1 0,01
Cyazofamid 120116-88-3 0,01
Cymoxanil 57966-95-7 0,01
Propazine 139-40-2 0,01
Azinphos-methyl 86-50-0 0,01
Paclobutrazol 76738-62-0 0,01
Omethoate 1113-02-6 0,01
Nicosulfuron 111991-09-4 0,01
Napropamide 15299-99-7 0,01
Mevinphos 7786-34-7 0,01
Metsulfuron-methyl 74223-64-6 0,01
Metribuzin-desamino 35045-02-4 0,01
Metribuzin 21087-64-9 0,01
Metoxuron 19937-59-8 0,01
Methabenzthiazuron 18691-97-9 0,01
Metconazole 125116-23-6 0,01
Metazachlor 67129-08-2 0,01
Metamitron-Desamino 36993-94-9 0,01
Metamitron 41394-05-2 0,01
Metalaxyl 57837-19-1 0,01
MCPA 94-74-6 0,01
Mandipropamid (any ratio of constituent isomers) 374726-62-2 0,01
Malathion 121-75-5 0,01
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Linuron 330-55-2 0,01
Quinmerac 90717-03-6 0,01
Quinoxyfen 124495-18-7 0,01
Clothianidin 210880-92-5 0,01
Chlorsulfuron 64902-72-3 0,01
Chlorpyrifos 2921-88-2 0,01
Chlorpropham 101-21-3 0,01
Chloroxuron 1982-47-4 0,01
Chloridazone 1698-60-8 0,01
Chlorfenvinphos 470-90-6 0,01
Kresoxim-methyl 143390-89-0 0,01
Quinoclamine 2797-51-5 0,01
Isoxaben 82558-50-7 0,01
Isoproturon 34123-59-6 0,01
Iprodione 36734-19-7 0,01
Hexythiazox (any ratio of constituent isomers) 78587-05-0 0,01
Hexazinone 51235-04-2 0,01
Furathiocarb 65907-30-4 0,01
Aclonifen 74070-46-5 0,01
Pronamide 23950-58-5 0,005
Triallate 2303-17-5 0,005
Terbuthylazine 5915-41-3 0,005
Cyanazine 21725-46-2 0,005
Carbofuran 1563-66-2 0,005
Azoxystrobin 131860-33-8 0,005
Atrazine 1912-24-9 0,005
Triasulfuron 82097-50-5 0,001
Dichlorvos 62-73-7 0,0005
Quizalofop-P-ethyl 100646-51-3 0,01
Dichloroctylisothiazolinon 64359-81-5 0,005
Fenoxaprop-p-ethyl 71283-80-2 0,01
Diflubenzuron 35367-38-5 0,01
Metribuzin-desaminodiketo 52236-30-3 0,01
2,4-D 94-75-7 0,01
2,4,5-T 93-76-5 0,01
Bronopol 52-51-7 0,2
Bitertanol 55179-31-2 0,1
Hymexazol 10004-44-1 0,1
Dalapon 75-99-0 0,1
Metribuzin-diketo 56507-37-0 0,05
MCPB 94-81-5 0,05
Imidacloprid 138261-41-3 0,01
Clopyralid 1702-17-6 0,05
Aminopyralid 150114-71-9 0,05
Picloram 1918-02-1 0,02
Cyproconazole 94361-06-5 0,01
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Pyrethrin | 121-21-1 0,01
Pyridate 55512-33-9 0,01
Pyroxsulam 422556-08-9 0,01
Rimsulfuron 122931-48-0 0,01
Simazine 122-34-9 0,01
Spirodiclofen 148477-71-8 0,01
Pyraclostrobin 175013-18-0 0,01
Prosulfocarb 52888-80-9 0,01
Propoxycarbazone 145026-81-9 0,01
Propiconazole (sum of isomers) 60207-90-1 0,01
Penconazole (sum of constituent isomers) 66246-88-6 0,01
Pendimethalin 40487-42-1 0,01
Picoxystrobin 117428-22-5 0,01
Pinoxaden 243973-20-8 0,01
Primisulfuron-methyl 86209-51-0 0,01
Propachlor 1918-16-7 0,01
Propaquizafop 111479-05-1 0,01
Flutolanil 66332-96-5 0,01
Fluroxypyr 69377-81-7 0,01
Fludioxonil 131341-86-1 0,01
Carfentrazone-ethyl 128639-02-1 0,01
Fluazinam 79622-59-6 0,01
Fluopicolid 239110-15-7 0,01
Fenpyrazamine 473798-59-3 0,01
Cycloxydim 101205-02-1 0,05
Chloridazon, methyl-desphenyl- 17254-80-7 0,02
Chloridazon-desphenyl 6339-19-1 0,2

Metalaxyl Metabolite CGA 62826 87764-37-2 0,02
Metalaxyl CGA 108906 104390-56-9 0,01
Amisulbrom 348635-87-0 0,01
Benzovindiflupyr 1072957-71-1 0,01
Bixafen 581809-46-3 0,01
2-(4-chlorophenoxy)propionic acid 3307-39-9 0,01
Imazamox 114311-32-9 0,01
Phenmedipham 13684-63-4 0,01
Desmedipham 13684-56-5 0,01
Mesosulfuron-methyl 208465-21-8 0,01
Indoxacarb (sum, R+S isomers) 144171-61-9 0,02
Halauxifen-methyl 943831-98-9 0,01
Fuberidazole 3878-19-1 0,01
Foramsulfuron 173159-57-4 0,01
Fluxapyroxad 907204-31-3 0,01
Fluopyram 658066-35-4 0,01
Zoxamide 156052-68-5 0,02
Parathion-methyl 298-00-0 0,02
Parathion-ethyl 56-38-2 0,02
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Fenitrothion 122-14-5 0,02
Dicamba 1918-00-9 0,02
Mecoprop + Mecoprop-P 0,01
Dichlorprop + Dichlorprop-P 0,01
Lenacil 2164-08-1 0,01
Chinomethionate 2439-01-2 0,01
Tritosulfuron 142469-14-5 0,01
Triticonazole 131983-72-7 0,01
Trinexapac-ethyl 95266-40-3 0,01
Trichlorfon 52-68-6 0,01
Triflusulfuron-methyl 126535-15-7 0,01
Trifloxystrobin 141517-21-7 0,01
Triadimenol 55219-65-3 0,01
Triadimefon 43121-43-3 0,01
Tralkoxydim 87820-88-0 0,01
Tolylfluanid 731-27-1 0,01
Tolclofos-methyl 57018-04-9 0,01
Thifensulfuron methyl 79277-27-3 0,01
lodosulfuron-methyl Sodium 144550-36-7 0,01
Thiencarbazone-methyl 317815-83-1 0,02
Spirotetramat 203313-25-1 0,01
Sedaxane 874967-67-6 0,01
Pyriofenone 688046-61-9 0,01
Pymetrozine 123312-89-0 0,01
Proquinazid 189278-12-4 0,01
Prohexadione 88805-35-0 0,1

Penflufen 494793-67-8 0,01
Metaflumizone (sum of E- and Z- isomers) 139968-49-3 0,05

Table A3. Analysed Quaternary ammonium compounds, their CAS numbers and laboratory reporting

limits (mg/l)

Substance CAS RL
Benzethonium Chloride 121-54-0 0,01
BAC C10 - Benzyldimethyldecylammonium chloride 965-32-2 0,01
Cetalkonium chloride (BAC-C16) 122-18-9 0,01
Miristalkonium chloride (BAC-C14) 139-08-2 0,01
Benzyldimethyldodecylammonium chloride (BAC-C12) 139-07-1 0,01
DDAC C8 - Dioctyldimetylammonium chloride 5538-94-3 0,01
DDAC C12 - Didodecyl dimethyl ammonium chloride 3401-74-9 0,01
BAC C18 - Benzyldimethyloctadecylammonium 122-19-0 0,01
DDAC C10 - Didecyldimethylammoniumchloride 7173-51-5 0,01
Benzyldimethyloctylammonium chloride (BAC C8) 959-55-7 0,01
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limits (ug/l)
Substance CAS RL
Flumioxazin 482-HA 0,01
Chlorothalonil-4-hydroxy 28343-61-5 0,01
Metolachlor CGA 357704 1217465-10-5 0,02
Thiamethoxam CGA 355190 0,002
Metolachlor ethanesulfonic acid 171118-09-5 0,02
Metazachlor BH 479-9 0,005
Metazachlor ethanesulfonic acid 172960-62-2 0,02
Chloridazon, methyl-desphenyl- 17254-80-7 0,005
Chloridazon-desphenyl 6339-19-1 0,02
Tritosulfuron 635M02 1869-24-5 0,05
Tritosulfuron 635M01 0,02
1-(4-Isopropylphenyl)-urea 56046-17-4 0,05
iso-Chloridazon 162354-96-3 0,005
2-Hydroxy-terbuthylazine 66753-07-9 0,005
Simazine, 2-hydroxy- 2599-11-3 0,005
Terbuthylazine-Desethyl-2-hydroxy 66753-06-8 0,005
Atrazine, 2-hydroxy- 2163-68-0 0,005
Flufenacet oxalamic acid 201668-31-7 0,02
Flufenacet ethane sulfonic acid 0,02
Dimethenamid oxalamic acid 380412-59-9 0,02
Dimethenamid ethane sulfonic acid 0,02
2,6-Dichlorobenzamide 2008-58-4 0,002
Desmethyl-isoproturon 34123-57-4 0,01
Desmethyl-chlortoluron 22175-22-0 0,02
Atrazin, desisopropyl- 1007-28-9 0,005
Butachlor oxalamic acid 0,02
Butachlor ethane sulfonic acid 0,01
Bentazone-8-hydroxy 60374-43-8 0,02
2-amino-N-(isopropyl)benzamide 30391-89-0 0,002
Alachlor oxalamic acid 171262-17-2 0,02
Alachlor ESA 142363-53-9 0,02
Acetochlor SAA 0,02
Acetochlor oxalamic acid 194992-44-4 0,02
Acetochlor ESA 187022-11-3 0,02
4-1sopropylaniline 99-88-7 0,05
3,4-dichloroaniline 95-76-1 0,05
N-(3,4-Dichlorophenyl)urea 2327-02-8 0,05
1-(3,4-DICHLOROPHENYL)-3-METHYL UREA 3567-62-2 0,05
Atrazine-desethyl-desisopropyl 3397-62-4 0,02
Tritosulfuron 142469-14-5 0,002
Propachlor 1918-16-7 0,01
Dimethachlor 50563-36-5 0,005
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Dimethachlor-metabolite CGA 354742 1231819-32-1 0,02
Trifloxystrobin metabolite CGA321113 252913-85-2 0,01
Metalaxyl CGA 108906 104390-56-9 0,02
Quinmerac BH518-5 0,02
Metazachlor oxanilic acid 0,02
Propazine 2-hydroxy 7374-53-0 0,01
Propachlor oxalamic acid 70628-36-3 0,02
Propachlor ethane sulfonic acid 0,02
Picoxystrobin M8 0,002
Picoxystrobin M3 0,005
Dimethachlor SYN 530561 0,02
Dimethachlor SYN 528702 0,005
Chlorthalonil M 5 142733-37-7 0,02
Chlorthalonil M 12 0,01
Azoxystrobin R234886 1185255-09-7 0,01
Metolachlor NOA 413173 0,02
Pethoxamid MET-42 0,005
Dimethyltolylsulfamid (DMST) 66840-71-9 0,02
N,N-Dimethylsulfamide 3984-14-3 0,02
Metalaxyl CGA 62826 87764-37-2 0,02
Metolachlor OA 152019-73-3 0,02
Dimethachlor-metabolite CGA 50266 1086384-49-7 0,02
Metolachlor CGA 50720 152019-74-4 0,01
Metolachlor CGA 50267 82508-03-0 0,02
Metolachlor CGA 37735 97055-05-5 0,02
Dimethachlor CGA 373464 0,005
Dimethachlor CGA 369873 0,01
Metolachlor CGA 368208 0,005
Metazachlor BH 479-12 0,02
Thiamethoxam CGA 353968 634192-72-6 0,02
Metolachlor Morpholinone 120375-14-6 0,01
metazochlor M11 1242182-77-9 0,002
Irgarol M1 30125-65-6 0,01

Table A5. Analysed phthalates, their CAS numbers and laboratory reporting limits (ug/1)

Substance CAS RL
Di-isobutyl phthalate (DiBP) 84-69-5 0,1
Dipentylphtalate 131-18-0 0,1
Phthalic acid, bis-iso-pentyl ester (DiPP) 605-50-5 0,1
Dinonyl phthalate (DNP) 84-76-4 0,1
Di-heptyl phthalate 3648-21-3 0,1
Phthalic acid, bis-hexyl ester (DnHP) 84-75-3 0,1
Diethylhexylphthalate (DEHP) 117-81-7 0,1
Diethylhexylphthalate (DEHP) 117-81-7 0,1
Diethyl phthalate (DEP) 84-66-2 0,1
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Di-cyclohexyl phthalate 84-61-7 0,1
Di-n-octylphthalate (DNOP) 117-84-0 0,1
Diisononyl phthalate (DINP) 68515-48-0 5

Dimethylphtalate 131-11-3 0,1
Benzyl butyl phthalate (BBP) 85-68-7 0,1
Dibutyl phthalate (DBP) 84-74-2 0,1
Dipropylphthalate 131-16-8 0,1
Diisodecyl phthalate (DIDP) 68515-49-1 5

Diisopropyl phthalate (DiisopropP) 605-45-8 0,1

Table A6. Analysed elements, their CAS numbers and laboratory reporting limits (mg/I)

Substance CAS RL
Aluminium 7429-90-5 0,05
Boron (B) 7440-42-8 0,03
Cadmium (Cd) 7440-43-9 0,0001
Chromium (Cr) 7440-47-3 0,003
Copper (Cu) 7440-50-8 0,003
Lead (Pb) 7439-92-1 0,001
Nickel (Ni) 7440-02-0 0,003
Tin (Sn) 7440-31-5 0,001
Zinc (Zn) 7440-66-6 0,005

Table A7. Analysed isothiazolinones, their CAS numbers and laboratory reporting limits (ug/l)

Substance CAS RL
MIT 2682-20-4 10
CIT 26172-55-4 10
BIT 2634-33-5 10
oIT 26530-20-1 10
DCOIT 64359-81-5 10
BBIT 4299-07-04 10
MBIT 2527-66-4 10

Table A8. Analysed chlorinated paraffins and their laboratory reporting limits (ug/l)

Substance RL
chlorinated paraffins (C10-C13) 1
chlorinated paraffins (C14-C17) 1
total chlorinated paraffins (C10-C20) 1

Table A9. Analysed organophosphate flame retardants, their CAS numbers and laboratory reporting

limits (ug/l)
Substance CAS RL
TCEP 115-96-8 0,1
TCPP 13674-84-5 0,1
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TCDPP 13674-87-8 0,1
tricresyl phosphate (mixed 1330-78-5 0,5
isomers)

TBEP 78-51-3 0,5
triphenylphosphate 115-86-6 0,1
tris(2-ethylhexyl) phosphate 78-42-2 0,5
2-ethylhexyl diphenyl 1241-94-7 0,1
phosphate (Octicizer)

tributylphosphate 126-73-8 0,1
triisobutylphosphate 126-71-6 0,1
triethylphosphate 78-40-0 0,1
diphenylkresylphosphate 0,5
phenyldikresylphosphate 0,5
tri-o-kresylphosphate 78-30-8 0,1
trimethylphosphate 512-56-1 0,1

Table A10. Analysed fluorotelomer alcohols, their CAS numbers and laboratory reporting limits (ug/I)

Substance CAS RL

6:2 FTOH (Fluorotelomer alcohol) 647-42-7 0,050
8:2 FTOH (Fluorotelomer alcohol) 678-39-7 0,010
10:2 FTOH (Fluorotelomer alcohol) 865-86-1 0,002
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Abstract

The scope of the construction material and stormwater sampling in Helsinki was to compare the
analysis results of the most commonly used hazardous chemicals and substances in pure exterior
construction materials, in material samples taken from the construction sites and in stormwater.
Based on the analysis results it was estimated which construction materials and hazardous chemicals
are potential pollutants of stormwater and environment.

Material sampling in Helsinki was implemented by actual field sampling and by analyzing
construction materials purchased from the material manufactures or hardware stores. Materials for
laboratory analysis were selected based on the original material lists used in two residential
construction sites (Postipuisto area and Kuninkaantammi area) built by City of Helsinki Housing
Production. Material samples included facade brick and mortar, fiber cement board, bitumen
membrane used for roofing, wooden terrace and facade boardings, concrete, coating cement, paints
and flame retardants for wood and concrete surfaces and protective agents for stone and concrete
surfaces. Besides the material samples five stormwater samples were collected from
Kuninkaantammi stormwater catchment area.

Chemicals analysed from material and stormwater samples included biocides and transformation
products of biocides, phthalates, metals (aluminum, cadmium, chromium, copper, lead, nickel, zinc
and tin), isothiazolinones, PFAS (perfluoro and polyfluoroalkyl substances), short-chain and medium-
chain chlorinated paraffins and organophosphate flame retardants.

Based on the study biocides, chlorinated paraffins, metals, phosphorus flame retardants and
phthalates are not used in construction materials in such a scale that they pose a significant risk to

the environment and surface waters.

The potential pollutants based on the concentrations found in pure construction materials are
isothiazolinones used as biocides in exterior paints, flame retardants and surface treatment agents
for stone and concrete. Though high concentrations of isothiazolinones were detected in pure agents,
the concentrations in material samples and in stormwater were considerably lower. In fact, in
stormwater the concentrations were below laboratory’s reporting limit. Isothiazolinones are soluble
to water, and they present high volatility. They are also sensitive to thermal and pH conditions
leading to transformation/degradation of them. On what scale these characteristics have effect on

the zero result in stormwater is an open question and an object of interest.

Potential pollutants of the environment and surface waters are also PFAS compounds. They were
detected only in one material sample, but widely in stormwater, which proves the fact — PFAS is

everywhere.

Abbreviations

Al aluminum

B boron
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BBIT butylbenzisothiazolinon

BBP bentsylbutylphthalate

BIT benzylisothiazolinone

°C degrees Celsius

cd cadmium

CIT methylchloroisothiazolinone
Cr chromium

Cu copper

DCOIT dichloroisothiazolinone
DEHA bis(2-ethylhexyl)adipate
DIDP diisodecylphthalate

DINP diisononylphthalate

e.g. exempli gratia, for example
et.al. et alii, and others

EU European Union

I iodine

ID identifier

kg kilogram

I litre

LCCP long chain chlorinated paraffin
m meter

MBIT methylbenzoisothiazolinon
MCCP medium chain chlorinated paraffin
mg milligram

min minute

MIT methylisothiazolinone

ug microgram

NE north-east

N-EtFOSAA N-ethyl perfluorooctane sulfonamido acetic acid
ng nanogram

Ni nickel
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0] oxygen

oIT octylisothiazolinone

OPFR organophosphate flame retardant
Pb lead

PFAS per- and polyfluoroalkyl substances
PFBA perfluorobutanoic acid

PFBS perfluorobutanesulfonic acid
PFECHS perfluoroethylcyclohexane Sulfonate
PFDA perfluorodecanoic acid

PFHpS perfluoroheptanesulfonic acid
PFHxA perfluorohexanoic acid

PFHxS perfluorohexanesulfonic acid
PFHxSA perfluorohexanesulfonamide

PFNA perfluorononanoic acid

PFOA perfluorooctanoic acid

PFOD perfluorooctyl dichloride

PFOS perfluorooctanesulfonic acid
PFOSA perfluorooctanesulfonamide
PFPeA perfluoro-n-pentanoic acid

PFPeS perfluoropentanesulfonic acid
PFPpA perfluoropentyl-phosphonic acid
PFPrS perfluoropropanesulfonic acid
PFTrDA perfluorotridecanoic acid

PFUNDA perfluoroundecanoic acid

POP persistent organic pollutant

PVC polyvinyl chloride

REACH registration, evaluation, authorisation and restriction of chemicals
s second

SCCP short-chain chlorinated paraffin

Si silicon
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Sn tin

SVHC substances of very high concern

TCCP tris(2-chloro-1-methylethyl) phosphate
UNEP United Nations’ environment programme
Zn zinc

6:2 FTS 6:2-fluorotelomersulfonic acid

8:2 FTS 8:2 fluorotelomer sulfonic acid
Introduction

The use of hazardous chemicals and substances in construction materials is controlled by national
and EU (European Union) level legislation. Despite the control, hazardous chemicals and substances
used especially in exterior materials may leach from the materials and end up in waterbodies or soil
with run-off.

In Europe there have been carried out some studies concerning the occurrence of hazardous
chemicals and substances in constructions materials and their leakage into stormwaters. For
example, several biocides /1/, chlorinated paraffins /2/ and flame retardants /3/ have been found in
European stormwaters. However, in Finland the occurrence of hazardous chemicals and substances
related to building materials in stormwater is largely unknown.

The scope of the construction material and stormwater sampling in Helsinki was to compare the
analysis results of the most commonly used hazardous chemicals and substances in pure exterior
construction materials, in material samples taken from the construction sites and in stormwater.
Based on the analysis results it was estimated which construction materials and hazardous chemicals
are potential pollutants of stormwater and environment.

Substance screening

The chemicals and substances for the study were selected based on discussions with experts and
information from studies on chemical content of building materials and their occurrence in
stormwater. The list of analysed chemicals and substances included variety of biocides, chlorinated
paraffins, metals, organophosphate flame retardants, PFAS (per- and polyfluoroalkyl substances) and
phthalates.

The materials for the study were selected based on the material lists of two residential sites
(Postipuisto and Kuninkaantammi) built by City of Helsinki Housing Production. The materials
included e.g. facade brick, fiber cement board, paints for wood and concrete surfaces, flame
retardants for wood, wooden terrace and facade boarding and bitumen membrane used for roofing.

Biocides

Biocides are used especially to protect the exterior surfaces of buildings to prevent the growth of
micro-organisms (mold, fungi and algae) and to damage the materials. Biocides can be mixed with
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the material or added as a surface treatment. /1/ Wood used in exterior parts of buildings are often
treated with wood preservatives including biocides. Also paints for wood and concrete surfaces and
protective agents for concrete surfaces may include biocides. Most products contain more than one
biocide to increase the effectiveness. The biocides analysed by City of Helsinki included variety of
different biocides approved for use as wood and in-can preservatives, rodenticides, insecticides
and repellents.

Several biocides used in construction materials are toxic to aquatic organisms. Some of them are also
carcinogenic, mutagenic and toxic to reproduction /4/.

Chlorinated paraffins

Chlorinated paraffins are used as plasticizers (softeners) for PVC, extreme-pressure additives in
metal-machining fluids, as additives to paints, coatings, polyurethane foams and sealants to improve
their resistance to chemicals and water, and as flame retardants for plastics, fabrics, paints and
coatings. /16/

Chlorinated paraffins are lipophilic (fat soluble) and persistent in the environment. Their very low
vapor pressure indicates that the compounds will not volatilize easily. Chlorinated paraffins have low
water solubility and a high log Kow (n-octanol-water partition coefficient, which describers the
relationship between lipophilicity and hydrophilicity, water solubility of the substance). Therefore, if
released to water, they will not volatilize from water or remain in solution but will adsorb to
sediment or suspended solid material. If released to soil, chlorinated paraffins are bound to the soil
particles and are not expected to volatilize or to leach into groundwater. /16/

SCCPs, short-chain chlorinated paraffins with a carbon chain length of C10-C13, are classified as toxic
to aquatic organisms, and carcinogenic to rats and mice. In 2017 they were categorised as possibly
carcinogenic to humans. Since December 2018 the use of SCCPs have been banned globally under
the Stockholm Convention on Persistent Organic Pollutants (UNEP/POPS/SC-8/11). The ban on SCCPs
has led to their replacement by MCCPs, medium chain chlorinated paraffins with a carbon chain
length of C14-C17. /17/

However, also MCCPs are toxic to the aquatic environment and persistent. In July 2021 MCCPs were
added to the Candidate List of Substances of Very High Concern (SVHC) under the REACH Regulation
(Registration, Evaluation, Authorisation and Restriction of Chemicals). /18/ MCCPs are also on the
candidate list of substances to be added to the Stockholm Convention list of Persistent Organic
Pollutants (POPs)/19/.

In addition, LCCPs, long chain chlorinated paraffins, with a carbon chain length of >C18 are used in
products on the market. Only the SCCPs and MCCPs were analysed in Helsinki material samples and
stormwater.

Isothiazolinones

Isothiazolinones are a group of biocides. They are organic compounds which exhibit antimicrobial
properties, and they are antifouling agents. They are used to control bacteria, fungi, and algae e.g. in
cooling water systems, fuel storage tanks, pulp and paper mill water systems, oil extraction systems,
wood preservation. They are also frequently used in cosmetics, shampoos and other hair care
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products. /23/ In construction materials isothiazolinones are used in lacquers, paints and varnishes

/23/.

Together with their wanted function, controlling or killing microorganisms, isothiazolinones also have
undesirable effects — they have a high aquatic toxicity. /22/ Even though they have a high aquatic
toxicity they are soluble to water and in general, they present high volatility and are sensitive to
thermal and pH conditions leading to transformation/degradation of them, which decreases their
environmental effects. For human health isothiazolinones are strong sensitizers, producing skin
irritations and allergies. /24/

In the EU, the use of some of isothiazolinone compounds in consumer products has been banned,
and even stricter criteria for labeling and warning in chemical products have been approved. /24/

Metals

Metals can end up into the environment from various metallic construction materials and products.
Other major sources of metals in environment are traffic, mining and heavy industry. Metals also
occur in environment naturally in soil and bedrock. Aluminum, chromium, copper, lead and zinc were
the metals detected both in material samples and in stormwater in Helsinki.

Aluminum is widely used in construction, and it is suitable for both interior and exterior construction.
It is used for example in doors, windows, facades, skylights, railings, fences, scaffolding, ladders,
stairs. /6/ Aluminum is also the third most common element in soil, right after oxygen (O) and silicon
(Si) /7/. In the Earth's crust, aluminum is the most abundant metallic element with 8,23% by mass /26/.
No information about natural background concentrations of aluminum in soil in Helsinki area was
available. Based on the study made by Geological Survey of Finland in Pirkanmaa and Satakunta areas the
average natural background concentration of aluminum in topsoil was 8920-18300 mg/kg and in subsoil
8520-17900 mg/kg /27/.

Chromium is used in metal alloys to give them hardness and in the manufacture of stainless steel. For
example, tools often contain 3-5 weight percentage chromium. Chromium is also used to coat steel
and plastics to create a shiny surface. /9/. Chromium used to be a common additive in paints to
increase durability and provide protection against corrosion and reflective properties. Today
chromium is still used e.g. in automotive paints. /10/ Chromium compounds are found in the
environment from the erosion of chromium-containing rocks. Typical background concentration of
chromium in soil is <500 mg. /9/ Based on the study made by City of Helsinki in 2009 the average
natural background concentration of chromium in soil in Helsinki area parks and yards of apartment
houses is around 15-65 mg/kg /8/.

Copper has played a role in architecture for thousands of years starting from the ancient Egypt.
Copper has been used e.g. in doors, claddings, roof coverings and shingles as its own or in alloys
(brass and bronze). Today, architectural copper is used in roofing systems, flashings and copings, rain
gutters and downspouts, building expansion joints, wall cladding, domes, spires, vaults, and various
other design elements. /11/

Copper is biostatic, meaning bacteria and many other forms of life will not grow on it. Due to its
biostatical nature, copper is used in handrails, bedrails, bathroom fixtures, counter tops especially in
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public facilities (hospitals, nursing homes, mass transit facilities) as well as in residential buildings.

/11/

In nature, copper occurs in a variety of minerals, including e.g. native copper, copper sulfides, copper
carbonates. Typical background concentrations of copper do not exceed 150 mg/kg in soil. /11/.
Based on the study made by City of Helsinki in 2009 the average natural background concentration of
copper in soil in Helsinki area parks and yards of apartment houses is around 10-30 mg/kg /8/.

Despite the fact lead is poisonous for human health and environment, it has many uses in the
construction industry even today. Lead is used e.g. as roofing material, cladding, flashing, gutters and
gutter joints, and roof parapets. Lead rarely occurs in its native, metallic form. It is generally
combined with sulfur. Typical background concentrations of lead in soil do not exceed 100 mg/kg.
/12/ Based on the study made by City of Helsinki in 2009 the average natural background
concentration of lead in soil in Helsinki area parks and yards of apartment houses is around 10-70

mg/kg /8/.

Like lead, also zinc has been used for thousands of years for different purposes first as a zinc-copper
alloy brass and later as a separate element. Today zinc is most commonly used as an anti-corrosion
agent, and galvanization i.e. coating of iron or steel. /13/ In construction zinc is used e.g. in
architectural applications for rainwater systems, cladding and roofing /14/. Typical background
concentrations of zinc do not exceed 100 mg/kg in soil /13/. Based on the study made by City of
Helsinki in 2009 the average natural background concentration of zinc in soil in Helsinki area parks
and yards of apartment houses is around 20-90 mg/kg /8/.

Organophosphate flame retardants

Organophosphate flame retardants, OPFRs, have been used to replace harmful brominated flame
retardants. They are widely used as flame retardants in various consumer products such as textiles,
electronics, industrial materials and furniture to prevent the risk of fire by delaying its start and
propagation by interrupting or hindering the combustion process. They are also utilized as
plasticizers, antifoaming or anti-wear agents in lacquers, hydraulic fluids and floor polishing agents.
/20/ In building materials OPFRs are used e.g. in sealing and insulating foams, plastic and rubber
products, sealants and adhesives /21/.

OPFRs have been associated with e.g. neurotoxicity, developmental toxicity, damage to the
reproductive function, endocrine disruption and carcinogenicity. OPFRs are less persistent than the
brominated flame retardants they have been used to replace, but they are often found in the
environment in higher concentrations than the brominated compounds /4/

PFAS (per- and polyfluoroalkyl substances)

PFAS, per- and polyfluoroalkyl substances are a large group of substances used in various types of
products mainly for their grease, water and dirt repellent properties. In building materials PFAS
(including fluoropolymers) are used e.g. in roofing materials, waterproof membranes, gutters,
coatings of windows, different wood-based products like plywood and fibre boards and in solar
panels. In addition, PFAS are found in some paints, metal coatings, wood varnishes, plastic coatings,
sealants, crystals, adhesives, tapes and electrical wires and cables used in construction. /4/


https://en.wikipedia.org/wiki/Native_copper
https://www.engineeringnews.co.za/topic/systems
https://www.engineeringnews.co.za/topic/roofing
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/flame-retardant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/plasticizer

Appendix 2 Occurrence of Substances of Concern in

the Baltic Sea Region  June 2024

PFAS are very persistent in the environment, and they either do not degrade, or they degrade into
persistent PFAS. Some PFAS are also bioaccumulative. The adverse effects of many PFAS are poorly
studied, but certain PFAS are known to e.g. be reprotoxic, carcinogenic and immunosuppressive. /4/

Phthalates

Phthalates are a group of chemicals mainly used to make plastics more durable, last longer and
easier to maintain. Due to that they are often called plasticizers. In construction phthalates can be
found especially in various PVC (polyvinyl chloride) products and materials. Examples of exterior
products and materials including phthalates are roof membranes, waterproofing membranes,
sealants, plastic skylights on terraces and various types of pipes, such as sewer pipes and rainwater
wells. /5/

Phthalates degrade easily in the environment by bio- and photodegradation and anaerobic
degradation. Due to that they usually do not accumulate in soil or organisms or in the food chain,
and they are not stored in the human body. However, due to their widespread use, we are exposed
to phthalates on a daily basis. Many phthalates are endocrine disruptors, and some are toxic to
aquatic organisms. /5/

Methodology

Material sampling

Material sampling in Helsinki was implemented by actual field sampling and by analyzing
construction materials purchased from the material manufactures or hardware stores. Materials for
laboratory analysis were selected based on the original material lists used in two residential
construction sites (Postipuisto area and Kuninkaantammi area) built by City of Helsinki Housing
Production.

Material manufactures were contacted and asked their willingness to participate in the NonHazCity3
project. All the selected manufacturers accepted the invitation. Sampling materials were delivered
free of charge or purchased. Some of the material manufactures wanted to participate anonymously.
Due to this sample description includes only sample ID and material type.

Chemicals to be analyzed were selected based on the existing knowledge and information of
chemicals used in construction materials. Due to the limited budget the list of chemicals had to be
kept moderate. The following chemicals were analyzed: biocides and transformation products of
biocides, phthalates, metals (aluminum, cadmium, chromium, copper, lead, nickel, zinc and tin),
isothiazolinones, PFAS (perfluoro and polyfluoroalkyl substances), short-chain and medium-chain
chlorinated paraffins and organophosphate flame retardants.

Postipuisto area

Postipuisto area is a newly built residential area located around 5 km north of the Helsinki city center.
Based on the original material lists of Postipuisto buildings together eight material samples were
selected for the laboratory analysis. Construction phase of the Postipuisto site was finished by the
time the field sampling was implemented (June 20, 2023). Yet two field samples were able to be
collected.
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Material samples from Postipuisto site included facade brick and mortar (field samples), fiber cement
board, facade brick, paints for wood and concrete surfaces, protective agent for stone and concrete
surfaces and flame retardant for wood (purchased materials). The field samples were taken into gas
resistant plastic backs and sealed tightly. Before delivering to the laboratory the samples were stored
in a cool and dry storage room. The laboratory analyses were performed by Eurofins and SGS
laboratories.

Picture 1. Apartment houses in Helsinki Postipuisto area.

Picture 2. Apartment houses in Helsinki Postipuisto area.

Kuninkaantammi area

Kuninkaantammi is a newly built residential area located around 10 km north of the Helsinki city
center. City of Helsinki Housing Production construction site consisted of five 3-4 floor wooden
apartment houses. Based on the original material lists of Kuninkaantammi buildings together ten
material samples were selected for the laboratory analysis. Construction phase of the Kuninkaan-
tammi site was ongoing by the time the field sampling was implemented (June 29, 2023). Material
samples from Kuninkaantammi site included bitumen membrane used for roofing, wooden terrace

11
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and facade boarding and concrete (field samples) and coating cement, paints for wood and concrete
surfaces, protective agent for concrete surfaces and flame retardant for wood (purchased materials).
The field samples and dry material samples were taken into gas resistant plastic backs and sealed
tightly. Before delivering to the laboratory the samples were stored in a cool and dry storage room.
The laboratory analyses were performed by Eurofins and SGS laboratories.

Picture 3. Wooden apartment houses in Helsinki Kuninkaantammi area.

Picture 4. Stormwater pond located south of the Kuninkaantammi site.

Table 1. Summary of material samples.

Sample ID Material and sampling site Analysis*

MAT_01 Facade brick, Postipuisto E, OFR, PFAS
MAT_02 Facade mortar, Postipuisto E, OFR, PFAS
MAT_03 Concrete slab, Kuninkaantammi E

MAT_04 Bitumen membrane (roofing), Kuninkaantammi B, E, OFR, PFAS, PHT
MAT_05 Wooden terrace boarding, Kuninkaantammi B, E, I, OFR, PFAS

12
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MAT_06 Wooden facade boarding, fire protected, B, CF, E, I, OFR, PFAS
Kuninkaantammi

MAT_07 Wooden facade boarding, grey, Kuninkaantammi B, CF, E, I, OFR, PFAS

MAT_10 Fiber cement board, Postipuisto E, |, OFR, PFAS

MAT_12 Facade brick, multicolored, Postipuisto E, OFR, PFAS

MAT_14 Coating cement, Kuninkaantammi E, PFAS

MAT_15 Paint 1, for wooden outside surfaces, B, CF, E, I, OFR, PFAS, PHT
Kuninkaantammi

MAT_16 Paint 2, for wooden outside surfaces, Postipuisto B, E, I, PFAS, PHT

MAT_17 Paint for outside concrete surfaces, Postipuisto B, E, I, OFR, PFAS, PHT

MAT_18 Surface treatment agent for concrete, B, E, I, OFR, PFAS, PHT
Kuninkaantammi

MAT_19 Surface treatment agent for stone and concrete, B, E, I, OFR, PFAS, PHT
Postipuisto

MAT_20 Flame retardant 1, Postipuisto B, CF, E, I, OFR, PFAS, PHT

MAT_21 Paint 3, for wooden outside surfaces, B, CF, E, I, OFR, PFAS, PHT
Kuninkaantammi

MAT_22 Flame retardant 2, Kuninkaantammi B, CF, E, I, OFR, PFAS, PHT

*Analysis

B, biocides and transformation products of biocides
CF, chlorinated paraffins

E, elements / metals

|, isothiazolinones

OFR, organophosphate flame retardants

PFAS, per- and polyfluoroalkyl substances

PHT, phthalates

Stormwater sampling

As a stormwater sampling area was selected only Kuninkaantammi area. Within Postipuisto
stormwater catchment area are located several buildings, which are built by other builders than City
of Helsinki Housing Production and no information of materials used in them was available. Also,
stormwater catchment area is large and not so easy to handle.

Stormwater sampling in Helsinki Kuninkaantammi area was carried out on December 19, 2023.
Weather conditions during the sampling were as follows: temperature 3-4 °C, cloudy, wind NE 7-9
m/s. Previous days before the sampling were rainy. Sampling was performed by a certified
environmental sampler working for environmental monitoring and supervision team of City of
Helsinki urban environment sector. The samples were collected from three sampling locations shown
in pictures 5 and 6.
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Picture 5. Map of Helsinki Kuninkaantammi area and stormwater sampling locations.

Picture 6. Aerial photo of Kuninkaantammi area with stormwater catchment area and sampling
locations.

Two parallel samples were to be taken from each sampling location (separated with identifiers A/B)

every 45 minutes. At the sampling location KT1 the water flow decreased too much before taking the
parallel sample, and no representative parallel sample was received from the location. In connection
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with sampling water sample temperature was measured. Waterflow of the observation points was
estimated using a strainer and a measuring stick.

The laboratory analysis included the same chemicals than analyzed from material samples: biocides
and transformation products of biocides, phthalates, metals, isothiazolinones, PFAS, short-chain and
medium-chain chlorinated paraffins and organophosphate flame retardants.

The water samples were taken into glass and plastic containers. The samples were stored in cooler
bags and delivered to the laboratories by the sampler or by a courier within 24 hours of the
sampling. No blank samples were analyzed. The laboratory analyses were performed by Eurofins and
SGS laboratories.

Table 2. Summary of stormwater sampling.

Sample ID Temperature Flow volume Analysis* Notes
(°C) (I/min)

KT1A 1,2 <10 B, CF, E, I, OFR, PFAS, PHT Minor flow
KT2A 3,6 15 B, CF, E, I, OFR, PFAS, PHT

KT2B 3,8 10 B, CF, E, I, OFR, PFAS, PHT

KT3A 0,6 1200 B, CF, E, I, OFR, PFAS, PHT

KT3B 0,6 1200 B, CF, E, I, OFR, PFAS, PHT

*Analysis

B, biocides and transformation products of biocides
CF, chlorinated paraffins

E, elements / metals

|, isothiazolinones

OFR, organophosphate flame retardants

PFAS, per- and polyfluoroalkyl substances

PHT, phthalates

Results

Material samples

Biocides and transformation products of biocides

Biocides and transformation products of biocides were analysed in 12 material samples by
Eurofins and SGS laboratories.

Biocides and transformation products of biocides analysed by SGS laboratories included 12
known chemicals used among others as preservatives, rodenticides, insecticides and
repellents, and wood preservatives.

As test methods were used DIN 38407-35, DIN 38407-36 and DIN EN ISO 10695. Reporting
limit of the analyzed chemicals was 0,05 mg/kg and 0,5 mg/kg. Together four material
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samples were analyzed. In sample MAT_05, wooden terrace boarding used in
Kuninkaantammi area was detected propiconazole and tebuconazole, concentrations
respectively 8,3 mg/kg and 8,7 mg/kg. Also, in sample MAT_07, wooden facade boarding
used in Kuninkaantammi area was detected both propiconazole and tebuconazole with
concentrations just above the laboratory’s reporting limit, concentrations respectively 0,07
mg/kg and 0,05 mg/kg. Concentrations of the rest of the analysed biocides and
transformation products of the biocides were below laboratory’s reporting limits.

Table 3. Results of biocide analysis of material samples implemented by SGS laboratories. KT
means Kuninkaantammi area.

MAT 04 MAT 05 MAT 06 MAT 07
mg/kg KT KT KT KT
Tebuconazole <0,05 8,7 <0,05 0,05
Propioconazole <0,05 8,3 <0,05 0,07

Biocides and transformation products of biocides analysed by Eurofins laboratories included
10 chemicals of which all were the same as analysed by SGS laboratories. Reporting limit of
the analysed chemicals was 1 mg/kg. The test methods used were LA-Peztizide-
003.075/31/2023 (A) or internal method including extraction, clean up and LC-MS/MS or GC-
MS after extraction_(B). No biocides or transformation products of biocides were detected in
concentrations above the laboratory’s detection limit.

Chlorinated paraffins

Material analysis of chlorinated paraffins included short (C10-C13) and middle chained (C14-
C17) chlorinated paraffins. The analyses were implemented by Eurofins laboratories.
Concentrations of short and middle chained chlorinated paraffins were calculated using as a
basis the total concentration of the chlorinated paraffins (C10-C20). As a test method was
used LA-GC-006.01_7/14/2022 (A). GC-MS was done after extraction of the samples.
Reporting limit of the chlorinated paraffins was 50 mg/kg or 100 mg/kg. Together six
material samples were analyzed. All the detected concentrations were below the
laboratory’s reporting limit.

Isothiazolinones
Isothiazolinones were analysed in 12 material samples by Eurofins and SGS laboratories.

The group of isothiazolinones analysed by SGS laboratories included the four most known
isothiazolinone compounds: methylisothiazolinone (MIT), benzylisothiazolinone (BIT),
octylisothiazolinone (OIT), dichloroisothiazolinone (DCOIT).

As a test method was used LC-MS/MS after extraction_(B)SOP M 2544, Reporting limit of the
analysed chemicals was 1 pg/kg. Together four material samples were analysed by SGS
laboratories. Isothiazolinone compounds were detected in all samples. The highest
concentrations of isothiazolinones were detected in MAT_05, wooden terrace boarding used
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in Kuninkaantammi area. The lowest concentrations of isothiazolinones were detected in
MAT 10, painted fiber cement board used in Postipuisto area. In general, isothiazolinone
compounds were detected in all treated boardings.

Table 4. Results of isothiazolinone analysis of material samples implemented by SGS
laboratories. PP means Postipuisto area and KT Kuninkaantammi area.

MAT_05 MAT_06 MAT_07 MAT_10
ug/kg KT KT KT PP
Methylisothiazolinone MIT 2644 113 291 11
Benzylisothiazolinone BIT 29 424 199 304
Octylisothiazolinone OIT 15116 7,7 21 <1
Dichloroisothiazolinones DCOIT <1 58 183 n.d.

The group of isothiazolinones analysed by Eurofins laboratories included the same chemicals
as analysed by SGS laboratories plus methylchloroisothiazolinone (CIT),
butylbenzisothiazolinon (BBIT) and methylbenzoisothiazolinon (MBIT).

As a test method was used LC-MS/MS after extraction_(B). Reporting limit of the analysed

chemicals was 100 pg/kg. Together eight material samples were analysed by Eurofins

laboratories. Isothiazolinone compounds were detected in all but one sample. The highest
concentrations of isothiazolinones were detected in material samples MAT 15, paint 1 for
wooden outside surfaces used in Kuninkaantammi area and MAT_21, paint 3 for wooden

outside surfaces used in Kuninkaantammi area. High concentration of isothiazolinones was
detected also in sample MAT_18, surface treatment agent for concrete used in
Kuninkaantammi area. The concentrations of isothiazolinones were below the laboratory’s

reporting limit only in sample MAT_19, surface treatment agent for stone and concrete used

in Postipuisto area.

Table 5. Results of isothiazolinone analysis of material samples implemented by Eurofins
laboratories. PP means Postipuisto area and KT Kuninkaantammi area.

ug/kg MAT_15 | MAT_16 | MAT 17 | MAT_18 | MAT_19 | MAT_20 | MAT 21 | MAT 22
KT PP PP KT PP PP KT KT

Methyliso-

thiazolinone MIT 3600 45000 6800 1100 <100 3600 37000 2800

Benzyliso-thiazolinone

BIT 220000 13000 84000 | 180000 <100 7400 | 220000 67000

Octylisothiazolinone

oIT <100 <100 <100 38000 <100 <100 <100 <100

Dichloroiso-

thiazolinones DCOIT 16000 | 100000 1400 <100 <100 <100 1000 <100

Methylchloroiso-

thiazolinone CIT 170 <100 <100 <100 <100 7000 <100 <100

Butylbenzoiso-

thiazolinone BBIT <100 <100 <100 <100 <100 <100 <100 <100
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Methylbenzoiso-
thiazolinone MBIT <100 <100 8600 <100 <100 <100 <100 31000

Metals

Elements i.e. metals analysed from material samples included aluminum (Al), cadmium (Cd),
chromium (Cr), copper (Cu), lead (Pb), nickel (Ni), zinc (Zn), and tin (Sn). Metals were
analysed in all 18 material samples by SGS and Eurofins laboratories.

Together ten material samples were analysed by SGS laboratories. As a test method was
used ICP-AES extraction and SGSF528 analysis. The most common metal in analysed
materials was aluminum. Aluminum was detected in all but one material sample. Copper
and zinc were detected in six samples, chromium in five samples and nickel in four samples.
The reporting limits of analyzed metals were 1 mg/kg, 10 mg/kg, or 20 mg/kg.

Concentration of aluminum varied between 121 mg/kg and 20 660 mg/kg. The lowest
concentration of aluminum was detected in material sample MAT_05, wooden facade
boarding used in Kuninkaantammi area and the highest in material sample MAT 10, painted
fiber cement board used in Postipuisto area. Concentrations of other detected metals were
relatively low; chromium 17-113 mg/kg, copper 16-228 mg/kg, nickel 18-33 mg/kg and zinc
13-155 mg/kg. No cadmium, lead or tin were detected in concentrations above the
laboratory’s reporting limit.

The largest variety of metals was detected in concrete, bitumen roofing membrane, painted
fiber cement board and in coating cement. They all included aluminum, chromium, copper,
nickel, and zinc. The results of metal analysis implemented by SGS laboratories are presented
in table 3.

Table 6. Results on metal analysis of material samples implemented by SGS laboratories. PP
means Postipuisto area and KT Kuninkaantammi area.

MAT_01 [MAT_02 [MAT_03 |MAT_04 |MAT_05 [MAT_06 |MAT_07 |MAT_10 [MAT_12 [MAT_14

mg/kg |PP PP KT KT KT KT KT PP PP KT

Al 3235 5033 7822 5092 <20 126 121| 20660| 15310 9480
Cd <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0 <1,0
Cr 10 <10 28 18 <10 <10 <10 37 113 17
Cu <10 18 57 16 228 <10 <10 66 <10 33
Pb 10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Ni <10 <10 33 19 <10 <10 <10 19 <10 18
Zn <10 38 36 20 <10 <10 13 155 <10 76
Sn <10 <10 <10 <10 <10 <10 <10 <10 <10 <10

Metals in eight material samples were analysed by Eurofins laboratories. As a test method
DIN EN ISO 17294-2 ICP-MS_2017-01 (E) was used. The most common metal in analysed
materials was aluminum. Aluminum was detected in all but one material sample. Copper
was detected in four samples, chromium and zinc in three samples, and nickel and lead in
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two samples. The reporting limits of analyzed metals were 0,1 mg/kg, 0,2 mg/kg, 0,5 mg/kg,
1 mg/kg, or 5 mg/kg.

The concentration of aluminum varied between <5 mg/kg and 3 500 mg/kg. The lowest
concentration of aluminum was detected in flame retardant 1 (MAT_20) used in Postipuisto
area and the highest in paint 3 for wooden outside surfaces (MAT_21) used in
Kuninkaantammi area. Concentrations of other detected metals were relatively low;
chromium 1-823 mg/kg, copper 2-9 mg/kg, lead 0,5-0,6 mg/kg, nickel 11-13 mg/kg and zinc
6-290 mg/kg. No cadmium or tin were detected in concentrations above the laboratory’s
reporting limit.

The largest variety of metals was detected in paint 1 for wooden outside surfaces (MAT_15)
used in Kuninkaantammi area, in paint for outside concrete surfaces (MAT_17) used in
Postipuisto area and in surface treatment agent for concrete (MAT_18) used in
Kuninkaantammi area. No metals above the laboratory’s detection limit were detected in
flame retardant 1 (MAT_20) used in Kuninkaantammi area and only aluminum in surface
treatment agent for stone and concrete (MAT_19) used in Postipuisto area and in flame
retardant 2 (MAT_22) used in Kuninkaantammi area. The results of metal analysis
implemented by Eurofins laboratories are presented in table 4.

Table 7. Results on metal analysis of material samples implemented by Eurofins laboratories.
PP means Postipuisto area and KT Kuninkaantammi area.

MAT_15 MAT_16 MAT_17 MAT_18 MAT_19 MAT_20 MAT_21 MAT_22

mg/kg |KT PP PP KT PP PP KT KT

Al 220 125 2500 2300 12 <5 3500 250
Cd <0,2 <0,2 <0,2 <0,2 <0,2 <0,2 <0,2 <0,1
Cr 27 1 <1 82 <1 <1 <1 <1
Cu 8 9 2 <1 <1 <1 2 <1
Pb <0,5 <0,5 0,5 0,6 <0,5 <0,5 <0,5 <0,5
Ni 13 <1 <1 11 <1 <1 <1 <1
Zn <5 <5 6 290 <5 <5 8 <2
Sn <5 <5 <5 <5 <5 <5 <5 <1

Organophosphate flame retardants

Material analysis of organophosphate flame retardants included together 15 different
phosphate-based chemicals used as additives in flame retardants. The analyses were

implemented by Eurofins laboratories. As a test method was used LA-GC-002.01_9/25/2023
(A). GC-MS was done after extraction and derivatization of the samples. Reporting limit of
the chemicals was 2 mg/kg or 5 mg/kg. Together 15 material samples were analyzed. All the
detected concentrations were below the laboratory’s reporting limit.
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PFAS (per- and polyfluoroalkyl substances)

PFAS compounds (per- and polyfluoroalkyl substances or chemicals) were analysed in 17
material samples by SGS and Eurofins laboratories.

The material samples MAT 01 - MAT_14 (total nine samples) were analysed by SGS
laboratories. The analysis included 49 different PFAS compounds. As a test method was used
DIN 38414-14 mod. The PFAS concentrations in all material samples were below laboratory’s
reporting limit 2,5 ug/kg.

The material samples MAT_15 - MAT_22 (total eight samples) were analysed by Eurofins
laboratories. The analysis included 62 different PFAS compounds of which 45 were the same
as analyzed by SGS laboratories. As a test method was used laboratory’s internal method.
The PFAS concentrations were below laboratory’s reporting limits 1,0 ug/kg and 10 pg/kg in
all samples except in sample MAT _19, surface treatment agent for stone and concrete used
in Postipuisto area.

In sample MAT_19 was detected total PFAS concentration more than 20 000 pg/kg. The
detected PFAS compounds and concentrations were as follows: PFBA 12 ug/kg, PFPeA 4,7
ug/kg, PFHxA 54 ug/kg, 5:3 FTCA 6,6, ug/kg and 6:2 FTOH 20 000 pg/kg.

Phthalates
Phthalates were analysed in 17 material samples by SGS and Eurofins laboratories.

Material analysis of phthalates implemented by SGS laboratories included together nine
phthalate-based chemicals. As a test method was used non-accredited method VDI 4301 BI.
5 mod. Only one material sample, MAT_04, bitumen roofing membrane used in
Kuninkaantammi area was analysed. Reporting limit of the analyzed chemicals was 5,0
mg/kg. The concentrations of analyzed phthalates were below the laboratory’s reporting
limit.

Together eight material samples were analysed by Eurofins laboratories. Analysis included
bis(2-ethylhexyl)adipate (DEHA) and 11 phthalate-based chemicals of which nine were the
same as analysed by SGS laboratories. As a test method was used LA-GC-002.01_9/25/2023
CAS. GC-MS was done after extraction and derivatization. Reporting limits varied between 5
mg/kg and 100 mg/kg. Only in one sample, MAT 17, paint for outside concrete surfaces
used in Postipuisto area was detected a bentsylbutylphthalate (BBP) concentration 26
mg/kg, which was above the laboratory’s detection limit.

Stormwater analysis

Biocides and transformation products of biocides

Stormwater analysis of biocides and transformation products of biocides was implemented
by SGS laboratories.
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The test methods used were DIN 38407-35 2010-10, DIN 38407-36 2014-09, and DIN EN I1SO
6468 1997-02. Reporting limit of the analysed chemicals was 0,01 pg/l, 0,02 pg/l or 0,05

ug/l.

In sample KT1A all the analysed chemicals were below the laboratory’s reporting limit.

In sample KT2A was detected propiconazole and tebuconazole, concentrations respectively
0,88 pg/l and 0,43 pg/l. Also, the parallel sample KT2B included both propiconazole and
tebuconazole, concentrations respectively 0,81 pg/l and 0,36 pug/I.

In sample KT3A was detected mecoprop concentration 0,37 pg/l. In the parallel sample KT3B
mecoprop concentration was 0,38 pg/l. In a parallel sample KT3B was detected also
propiconazole concentration just above the laboratory’s reporting limit, 0,06 ug/I.

Table 8. Results of biocides and transformation products of biocides analysis of stormwater
samples implemented by SGS laboratories.

ug/l
KT1A KT2A KT2B KT3A KT3B

Cybutryne <0,05 <0,05 <0,05 <0,05 <0,05
Cypermethrin <0,01 <0,01 <0,01 <0,01 <0,01
Desmethyldiuron <0,05 <0,05 <0,05 <0,05 <0,05
Diuron <0,05 <0,05 <0,05 <0,05 <0,05
Irgarol Metab. M1 <0,02 <0,02 <0,02 <0,02 <0,02
Isoproturon <0,05 <0,05 <0,05 <0,05 <0,05
Mecoprop <0,05 <0,05 <0,05 0,37 0,38
Permethrin <0,05 <0,05 <0,05 <0,05 <0,05
Propiconazole <0,05 0,88 0,81 <0,05 0,06
Tebuconazole <0,05 0,43 0,36 <0,05 <0,05
Terbuthylazine <0,02 <0,02 <0,02 <0,02 <0,02
Terbutryn <0,05 <0,05 <0,05 <0,05 <0,05

Chlorinated paraffins

Stormwater analysis of organophosphate flame retardants was implemented by Eurofins
laboratories. Stormwater analysis of chlorinated paraffins included short (C10-C13) and
middle chained (C14-C17) chlorinated paraffins and the total concentration of chlorinated
paraffins (C10-C20). As a test method LA-GC_212.02_7/15/2016 (B) was used. Reporting
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limit of the chlorinated paraffins was 1 pg/I. All the detected concentrations were below the
laboratory’s reporting limit.

Isothiazolinones
Stormwater analysis of isothiazolinones was implemented by SGS laboratories.

As a test method for stormwater samples to analyze isothiazolinones SOP M 2544 was used.
Reporting limit of the analyzed chemicals was 0,01 ug/l, 0,02 pg/!l or 0,05 pg/l. No concentrations of
isothiazolinones above the laboratory’s reporting limit was detected.

Metals

Stormwater analysis of metals was implemented by SGS laboratories. Analysis included
iodine (1), aluminum (Al), cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), nickel (Ni),
zinc (Zn) and tin Sn). In addition to metals, boron (B)was also analysed, as boron based
biocidal products are commonly used e.g. in roofings. As a test method for total iodine was
used ICP-MS method based on EN 15111 standard. The total concentration of metals except
tin and boron was analyzed by ICP-MS method based on EN ISO 17294-2 standard. The total
concentration of tin and boron was analyzed by ICP-AES method based on ISO 11885
standard. Reporting limits of the metals varied between 0,1 and 200 pg/I. Detected
concentrations of cadmium, nickel, tin, and boron were below laboratory’s reporting limit.
The highest detected metal concentrations were aluminum (400-1800 ug/l), copper (4,8-17
ug/l) and zinc (6,7-34 pg/l).

Table 9. Results of metal analysis of stormwater samples implemented by SGS laboratories.

ug/l |KT1A KT2A KT2B KT3A KT3B

| 14 3,2 3,1 3,6 3,1
Al 400 590 670 1800 1700
Cr <1,0 2,3 2,2 4,2 4,0
Cu 4,8 17 15 11 11
Pb 0,5 <0,5 0,5 1,4 1,3
Zn <5,0 8,4 6,7 34 31

Organophosphate flame retardants

Stormwater analysis of organophosphate flame retardants were implemented by Eurofins
laboratories. The analysis included 15 different phosphate-based chemicals used as flame
retardants. As a test method was used LA-GC-050.021_9/18/2023 (A) based on DIN I1SO
18856. GC-MS was done after extraction of the samples. Reporting limit of the chemicals
was 0,1 pg/l or 0,5 pg/l. Only TCCP (C), tris(2-chloro-1-methylethyl) phosphate also knows as
tris(chloropropyl)phosphate was found in sample KT2A and the parallel sample KT2B.
Concentrations were respectively 0,18 ug/l and 0,12 ug/I.
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Table 10. Results of organophosphate flame-retardant analysis of stormwater samples
implemented by Eurofins laboratories.

KT1A KT2A KT2B KT3A KT3B

pg/|
TCPP (C)

<0,1 0,18 0,12 <0,1 <0,1

PFAS (per- and polyfluoroalkyl substances)

Stormwater analysis of PFAS (per- and polyfluoroalkyl substances) was implemented by SGS
laboratories. The analysis included 49 different PFAS compounds. As a test method was used
ISO 21675:2019. The reporting limits were 0,3 ng/l, 0,6 ng/l, 1 ng/l or 2 ng/I.

The largest variety of PFAS compounds, 25 different substances, was found in sample KT1A.
The total concentration of the PFAS compounds in sample KT1A was 340,08 ng/I. In
stormwater samples KT2A and KT2B 10 different PFAS compounds were detected. Total
concentration of the PFAS in sample KT2A was 22,7 ng/l and in sample KT2B 24,6 ng/I. In
stormwater sample KT3A 15 different and in sample KT3B 16 different PFAS substances were
detected. The total concentrations respectively were 49,2 ng/l and 37,51 ng/I.

Table 11. Results of PFAS analysis of stormwater samples implemented by SGS laboratories.

ng/l KT1A KT2A KT2B KT3A KT3B

PFPrS 1,8 1,2 1,4 1,3 0,81
PFBS 3,0 2,3 1,7 0,98 0,6
PFPeS 0,81 <0,6 <0,6 <0,6 1,5
PFHxS 13 <0,3 <0,3 6,1 3,7
PFHpS <0,6 <0,6 <0,6 <0,6 <0,3
PFOS, branched 15 <0,2 <0,2 1,6 1,4
PFOD, linear 49 0,56 0,57 4,6 4,4
PFOS, total 64 0,56 0,57 6,2 4,8
PFECHS 1,1 <0,3 <0,3 <0,3 <0,3
PFBA 4 2,2 2,5 2,0 1,3
PFPeA 19 5,9 8,2 12 4,3
PFHXA 11 6,4 6,6 4,7 3,9
PFPpA 4,8 1,7 1,1 1,1 1,1
PFOA, branched 0,71 <0,3 <0,3 <0,3 <0,3
PFOA, linear 7,5 0,94 1,0 1,1 1,1
PFOA, total 8,2 0,94 1,0 1,1 1,1
PFNA 28 <0,3 <0,3 2,3 1,9
PFDA 0,89 <0,6 <0,6 <0,6 <0,3
PFUNDA 78 <1 <1 3,4 4,3
PFTrDA 2,1 <1 <1 <1 <1
6:2 FTS 7,9 <0,3 <0,3 0,67 <0,6
8:2 FTS 14 <0,6 <0,6 <0,6 1,3
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PFBSA 0,81 <0,6 <0,6 <0,6 <0,3
PFHxSA 2,2 <0,6 <0,6 <0,6 <0,3
PFOSA 0,86 <0,3 <0,3 <0,3 <0,3
N-EtFOSAA 2,4 <1 <1 <1 <1
sum 4 PFAS LB 110 1,5 1,6 16 13
Sum total 340,08 22,7 24,6 49,2 37,51
Phthalates

Stormwater analysis of phthalates was implemented by SGS laboratories. Stormwater
analysis of phthalates included 15 different phthalate-based chemicals. As a test method was
used EN ISO 18856:2005. Middle chained chlorinated paraffins (MCCP) were analyzed using
non-accredited in-house GC-MS method and bronopol by using in-house LC-MS-MS method.
Reporting limit of the phthalates was 0,1 y/I, 0,4 u/l, 0,5ug/, 1 ug/l or 5 pg/I.
Diisononylphthalate (DINP) and diisodecylphthalate (DIDP) were detected in stormwater
samples KT2A, KT2B, KT3A and KT3B. The detected concentrations varied between 1,0 and

1,7 ug/l.

Table 12. Results of phthalate analysis of stormwater samples implemented by SGS

laboratories.
ug/l KT1A KT2A KT2B KT3A KT3B
Diisononylphthalate DINP <1 1,0 1,7 1,2 1,3
Diisodecylphthalate DIPD <1 <1 1,3 1,2 1,1

Interpretation and discussion of results

The scope of the construction material and stormwater sampling was to compare the analysis results
of the most commonly used hazardous chemicals in pure construction materials, in material samples
taken from the construction sites and in stormwater. Based on the analysis results was estimated
which construction materials and hazardous chemicals are potential pollutants of stormwater and
environment.

Biocides and transformation products of biocides

Biocides were detected in two Kuninkaantammi area material samples MAT_05, wooden terrace
boarding and MAT_07, wooden facade boarding and in two stormwater locations, KT2 and KT3.
According to the material safety data sheets biocides have not been added into paints, treatment

agents for stone and concrete surfaces and flame retardants.

In material samples was found propiconazole and tebuconazole, when in stormwater was detected
also mecoprop. This indicates that the origin of the biocides in stormwater is partly the surrounding

area, partly the construction site.
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It is noticed that biocides were found in material sample MAT_07, wooden facade boarding, but not
in paint or flame retardant used for facade boarding treatment. Without further investigations it is

not possible to determine the exact source of biocides in facade boarding.

Based on this study biocides in construction materials are not considered to pollute surrounding

environment and surface waters.

Chlorinated paraffins

The detected chlorinated paraffin concentrations both in Postipuisto and Kuninkaantammi area
material samples and in Kuninkaantammi area stormwater samples were below the laboratory’s
reporting limit. According to the available material safety data sheets chlorinated paraffins have not
been used in materials in concern. Chlorinated paraffins are not considered as potential pollutants in
Postipuisto and Kuninkaantammi areas.

Isothiazolinones

Isothiazolinones were detected in all but one Postipuisto and Kuninkaantammi are material samples,
but not in Kuninkaantammi area stormwater. Based on the available material safety data sheets
isothiazolinones have been used in materials in concern. The weight percentage of isothiazolinones
in materials varies between <0,001 % and <5 %, concentrations respectively <0,01 mg/kg and <50
mg/kg. Isothiazolinones are soluble to water and in general, they present high volatility and are
sensitive to thermal and pH conditions. Based on the literature isothiazolinones in aqueous systems
are influenced by nucleophiles, such as metals, amines, thiols, and sulfides, which easily leads to
transformation/degradation of them /24/. It is possible that isothiazoline used in Kuninkaantammi
area facade boarding paints have either vaporized before ending up into stormwater or

transformed/degraded in stormwater.

When comparing isothiazolinones concentrations in paints and flame retardants and wooden facades
treated with the same agents, it is noticed that concentrations in pure agents are remarkably higher
than in facades. The method of ana