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Environmental significance statement

Plastic pollution is a threat to planetary health, but information is lacking on a major driver of 
plastic pollution: building materials. Through the development and application of a novel 
methodology, plastic polymers and chemicals of concern are analyzed in a set of building 
materials. Building materials commonly contain polymers of concern including polyvinyl chloride 
(PVC) and polystyrene and chemicals such as orthophthalates and organometallics that present 
health and environmental risks. This data and approach can support research and inform 
policies and other initiatives to reduce harmful plastic pollution.
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Abstract
Plastic pollution is transgressing planetary boundaries that maintain the safe operating space for 
humanity. The building and construction sector is the second largest user of plastics after 
packaging but has been largely excluded from plastic reduction efforts. One barrier to 
addressing plastics in building materials is a lack of data on the chemical content of products. 
We outline a method for estimating the chemical content, including plastic polymers and 
additives, of building materials using publicly available data. The results identify plastic polymers 
across many material types, including commonly used materials that may not be thought of as 
plastic or disclose plastic polymers. This assessment of polymer types reveals that polyvinyl 
chloride (PVC) and polystyrene are used extensively in the built environment even though 
alternative building materials using little to no plastic are available for many applications. The 
analysis reveals that chemicals of concern (PlastChem priority chemicals) are common in over a 
third of the building materials studied. Finally, an insulation materials case study highlights the 
utility of considering attributes beyond weight percentage that contribute to the mass of plastic 
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polymers present in products as installed. This information supports proposed solutions to 
reduce plastics in the built environment. The method and dataset are offered to further this 
emerging research on the environmental health impacts of building materials.

Keywords
Built Environment, Materials, Global Plastics Treaty, Plastics Reduction, Transparency, 
Polyvinyl Chloride, Polystyrene

Introduction
Plastic pollution is often thought of as a waste management issue but actually occurs over the 
full life cycle of plastics with emissions of chemicals and pollutants occurring from production to 
use and end of life. Plastic materials include polymers, additives, and other chemicals, which 
are almost exclusively derived from coal, oil, and natural gas, the extraction and refinement of 
which has many adverse human health and environmental impacts.1–5 Over 16,000 plastic 
chemicals have been identified, and more than 4,200 of these are classified as chemicals of 
concern due to persistence, bioaccumulation, mobility, and/or toxicity.6 The health and 
environmental impacts of plastics and related chemicals across the life cycle are well 
documented.7–11

There is considerable evidence that plastic pollution is causing transgression of planetary 
boundaries critical to Earth system processes which are necessary for humanity and 
ecosystems to thrive.12,13 This is due to both the specific boundary containing plastics and 
synthetic chemicals (novel entities) being breached, as well as the impact of plastic pollution on 
all the other boundaries, especially climate change and biodiversity.12,13 

If current trends continue, plastic use is projected to almost triple by 2060.14 The building and 
construction sector is the second largest user of plastics behind packaging.15–17 Widely used 
building products such as polyvinyl chloride (PVC) pipes, carpet, luxury vinyl tile, paint, and 
foam insulation are made with plastic. 

Building materials contribute significantly to releases of microplastics, an emerging health and 
environmental concern. For instance, an estimated 18% of known microplastic leakage into 
oceans and waterways comes from paint used for buildings, which can be released during 
application, wear, removal, and disposal of painted materials.18,19

Building materials comprise a large portion of the market for polymers of highest concern, 
including polyvinyl chloride (PVC) and polystyrene, both of which present human and 
environmental hazards throughout their life cycles, from production to use to end of life.20,21 The 
building and construction sector is by far the largest user of PVC, accounting for 70% of global 
production.22 PVC production includes the use of feedstocks such as carcinogenic ethylene 
dichloride and vinyl chloride monomer23–25 and formation of hazardous by-products, e.g., 
chlorinated dioxins and furans,26 and use of hazardous additives, such as organotin stabilizers 
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and orthophthalates.27–32 PVC disposal practices contribute to hazards through leaching and 
toxic emissions of chemicals.33

Building and construction accounted for 30% of global polystyrene use in 2019, mostly for 
insulation.22  Both benzene, required in the production of styrene monomers, and styrene are 
carcinogenic.21,34 Polystyrene insulation typically contains flame retardant additives, which can 
also introduce hazards throughout their production and use.35,36 Polystyrene from building and 
construction is a significant source of macro- and microplastic pollution released to the 
environment.37,38 Landfilled polystyrene can release microplastics and leach additives.35,39

Unfortunately, a lack of data on building material content often hampers research and reduction 
efforts, as there are no manufacturer requirements to provide complete chemical content 
information. For instance, United States (U.S.) and European laws do not require disclosure of 
chemicals that: (1) do not have a known hazard classification (which includes most plastic 
polymers and chemicals used in plastics);6 (2) do not have data; or (3) are hazardous but 
present below a reporting threshold, typically 0.1% or 1.0%.40,41 A recent global analysis of 
plastics and health highlights the lack of transparency regarding plastic chemicals' uses and 
their presence in plastics and the resultant gaps in our understanding of their harms to human 
and planetary health.42

To fill this critical data gap, a novel method is presented here for synthesizing publicly available 
data to generate generic formulations of the chemical content of building materials, including 
both plastic materials and alternatives. Presented, for the first time, is a dataset reporting the 
approximate amount of plastic polymer, polymer types, and particular plastic chemicals of 
concern typically found in many common building materials. Plastic reduction solutions are 
offered that aim to alleviate pressure on planetary boundaries. This method and dataset can 
also be used to explore the relationship between the built environment and human health, 
inform effective policies, and further research into safer alternatives.

Methods
Building Product Composition Research
A unique methodology, not previously described, was used to generate Common Product 
profiles for 246 building material types.43 Common Products are created by first identifying the 
manufacturers of a specific product type (such as carpet tile, PVC water pipes, or fiber cement 
siding) and then creating a generic product formulation not specific to any manufacturer. They 
are created by incorporating data on a single material type from various publicly available 
sources to generate a complete chemical makeup of a generic material. Sources include, but 
are not limited to, trade association documents, Environmental Product Declarations (EPDs),44 
Health Product Declarations (HPDs),45 Declare labels,46 patents, safety data sheets (SDSs), 
technical product documents, and documents authored by government and academia. This 
analysis considers both direct content disclosure as well as marketing language that can reveal 
additional content that is not otherwise disclosed, such as a data sheet that notes that a product 
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“contains antimicrobial agents,” and technical publications detailing the state of the art of 
material science. 

Source data are compiled to gather all functions required to create the material, the most 
common chemical reported for each function, and reported weight percentage values. The 
compiled data are reviewed to determine whether any chemical content is likely missing. For 
example, if antioxidants or stabilizers would likely be required for a plastic product but none 
have been identified, these are flagged as potential omissions from the reporting sources. An 
additional search is then performed to determine whether or not these additives are common in 
the material or product type, and supplier websites are searched to determine if specific 
additives are marketed for use in the product type. This step is necessary because publicly 
available information on specific products can be incomplete when chemicals lack hazard data, 
chemical identifiers are withheld as trade secrets, chemicals are present below reporting 
thresholds, or regulations do not require reporting the data. 

Once all likely functions have been accounted for, the reported weight percentage values are 
used to derive a single median percent weight for each chemical common in the material. Then 
the common content percentages are summed and normalized to total 100%, keeping each 
chemical percentage within the range reported. The chemical, function, and median percent 
weight of the substances are hosted publicly in each Common Product’s profile in the Pharos 
database where chemical content is also linked to hazard data from numerous authoritative and 
screening hazard lists (see the example of a Common Product profile in Figure 1).43 Common 
Product profiles are based largely on North American product data and represent material form 
and composition as delivered to a jobsite. See the Supplementary Information for a full 
description of the method including content inclusion criteria and sourcing requirements.47 For 
the full list of Common Products see Table S1. The Supplementary Information does not include 
the full chemical content for each Common Product, only the content highlighted in this paper’s 
analysis. The complete common content information is available in the Pharos database.

Figure 1. Simplified view of an example Common Product profile 
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Percent Plastic Polymer Calculations
Plastics are materials made wholly or partly of synthetic or semi-synthetic polymers.48 Plastic 
chemicals are chemicals potentially used or present in plastic materials and products; this 
includes plastic polymers, additives, processing aids, and non-intentionally added substances.49 
For this analysis, we define plastic polymers as organic or partially-organic polymeric materials 
(exclusive of additives), excluding unmodified natural polymers.50 This definition includes all 
thermoplastics, thermosets, and elastomers (including rubber and silicones). It includes 
polymers if they are synthetic (polymerized from either petrochemical or biobased monomers), 
or semisynthetic (natural polymers such as cellulose and natural rubber that are chemically 
modified, such as rayon), but does not include naturally occurring polymers (e.g., cellulose, 
cotton, natural rubber).51

A query was conducted on all Common Products in the Pharos database, omitting seven 
Common Products that capture content that may be present in post-consumer recycled 
materials, not finished products. For the remaining Common Products (N=239) a decision tree 
was used (Figure S1) to screen for substances meeting the definition of plastic polymer using R 
version 4.5.0.52 First, CASRNs from Common Products that appeared on the Canadian 
Environmental Protection Act 1999 (CEPA) Domestic Substances List (DSL) were identified. 
The CEPA DSL is an authoritative list that contains a detailed categorization of over 22,000 
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substances, which was completed in 2006. Using these categorizations, content was classified 
as a plastic polymer if its substance category was “polymer” or unknown or variable 
composition, complex reaction products or biological materials (UVCBs) classified as “UVCBs-
polymer.”53,54 The detailed CEPA DSL categorizations were chosen because they have been 
curated by a government agency. Screening substances on the CEPA DSL by these 
classifications is advantageous because substances appearing on the list can be identified as 
plastic polymers without relying on substance names, which can vary greatly from source to 
source. Newer versions of the CEPA DSL were not used for this analysis because they do not 
contain these detailed categorizations. Substances on the CEPA DSL that were not in either of 
these two categories were not identified as a plastic polymer, unless the substance names 
indicated that they were silicone polymers (Table S3a). The CEPA DSL classifies silicone 
polymers as UVCBs-organic. Since silicone polymers meet the definition of plastic polymer 
described above, any silicones identified in the CEPA DSL were identified as plastic polymers. 

All remaining substances identified in Common Products that were not listed or had no 
classification in the CEPA DSL were screened for keywords suggesting polymer chemistry 
using the process and search terms shown in Table S3b. This screening also accounted for 
reactants that are precursors to polymers commonly formed in products that react when applied 
at the build site (Table S3c), such as polyurethane sealants. The total percent weight of plastic 
polymers in each Common Product was calculated by summing the percent weight of all 
substances assigned as plastic polymers or plastic polymer precursors. Substance names were 
also screened to identify the type of plastic polymers in each product. The resulting data set 
includes the total percent weight plastic polymer content and total percent weight of each 
polymer type for each Common Product. A full description of the plastic polymer screening 
methodology is available in the Supplementary Information.

Screening for Plastic Chemicals of Concern
In addition to screening for plastic polymers, the potential to utilize the Common Product dataset 
to screen products for the presence of additional chemicals of concern is demonstrated. Most 
Common Products contain some chemicals with known or suspected health hazards based on 
the hazard screening data from the hazard lists available in Pharos.55 To illustrate how a 
targeted analysis of chemical content could be used to identify specific priority chemicals of 
concern, we used a previously identified priority list, PlastChem priority chemicals. To identify 
chemicals of concern, each CASRN identified in a Common Product was cross-referenced with 
the PlastChem database. This database classifies over 16,000 plastic chemicals and defines 15 
priority groups as “consisting of at least 40% of known chemicals of concern or having strong 
evidence for the entire group to be hazardous” based on persistence, bioaccumulation, mobility, 
and toxicity.6 This illustrative analysis identifies content belonging to one of these 15 priority 
groups (PlastChem priority chemicals).49 The total percent weight of these priority chemicals 
identified in each Common Product is reported by priority group. 

Mass Plastic Polymers Calculations: Insulation Case Study
As a case study, insulation materials were compared to estimate the mass of plastic polymers 
contained in products designed to meet a given thermal resistance value. Insulation materials 
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are used throughout buildings including in walls and roofs to prevent heat loss or gain and keep 
occupied spaces at a comfortable temperature. The R-value indicates how well a material 
resists heat flow, with a higher R-value indicating better thermal resistance. Both the inherent 
properties of a material and the thickness of the material used determine the overall R-value of 
insulation installed.56 Using the median density and median R-value/inch the thickness of 
insulation required to achieve a value of R-13 (RSI = 2.3) was calculated. Then, the mass of 
plastic polymers present in products at the calculated thickness and density was estimated 
based on the median percent weight plastic polymers for that Common Product. 

To illustrate the uncertainty in these estimates, the ranges in density, R-value per inch, and 
percent weight of the primary plastic polymer from the underlying sources are reported. The 
decision to report uncertainty in the estimates in this way was made due to the small number of 
data points, and also due to the lack of transparency in chemical weight percentages. Weight 
percentages of substances in building product formulations are typically reported by 
manufacturers as ranges in order to protect proprietary product formulations. The U.S. Code of 
Federal Regulations, for instance, explicitly defines ranges that should be used on Safety Data 
Sheets when a substance’s concentration is being claimed as a trade secret.40 The median 
weight percent in Common Products is thus a point estimate based on reported minima and 
maxima, and could not be calculated from a sample distribution. For this reason reporting the 
range was a conservative approach that made no assumptions about the underlying data. 

Results
Percent Plastic Polymer
716 unique substances were identified across the Common Product dataset (Table S2). 181 of 
these were found to be plastic polymers or plastic polymer precursors. Plastic polymers were 
identified in 194 of 239 Common Products (81%). See Supplementary Information (Table S1) 
for the dataset summarizing the estimates of plastic polymer percentage by weight and polymer 
types for each Common Product. In some cases, plastic polymers accounted for a substantial 
percentage of products’ weights even when plastic was not mentioned in the product name. For 
instance, fiberglass window frames contain an estimated 32% plastic polymers. Mineral silicate 
paint, which primarily uses a non-plastic binder, still contains about 5% acrylic polymer binder. 
Base cabinetry, while mostly composed of wood, contains an estimated 13% plastic polymers 
due to binders and contact adhesive. Cultured marble countertops contain an estimated 21% 
plastic polymers due to their use of crosslinked polyester binder.

The assessment of polymer types found that many high-use products contain PVC and 
polystyrene. Table 1, a subset of the overall dataset, summarizes the Common Products 
containing PVC or polystyrene. PVC or CPVC (chlorinated polyvinyl chloride) was identified in 
21 Common Products. In most of these products, PVC constitutes the majority of the plastic 
polymer content. Polystyrene, while identified in only five products, is present in large amounts 
in both expanded polystyrene (EPS) (96%) and extruded polystyrene (XPS) (88%) insulation.
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Table 1a. Percent weight plastic polymers, PVC, and PlastChem priority chemicals in Common 
Products containing PVC. N/A means that priority chemicals were not identified in the Common 
Product.

Product Category Common Product

% Weight 
Plastic 

Polymers
% Weight

PVC

% Weight
PlastChem 

Priority 
Chemicals

Solvent Weld Soil and Waste Pipe 91% 90% 0.6%

Polyvinyl Chloride (PVC) Water Pipe 91% 90% 0.5%

Pipes
Chlorinated Polyvinyl Chloride (CPVC) 
Water Pipe 89% 83% N/A

Multilayer Resilient Flooring (Wood 
Plastic Composite or WPC) 36% 34% N/A

Heterogeneous Vinyl Resilient Sheet 
Flooring 35% 28% N/A

Luxury Vinyl Tile (LVT) 23% 22% N/A

Flooring Vinyl Composition Tile 11% 11% N/A

CPVC Solvent Cement 18% 18% 0.2%Adhesives & 
Sealants Single-Component Polyurethane Sealant 54% 16% 20%

Insulation
Closed Cell Elastomeric Foam Pipe 
Insulation 40% 11% 13%

Acoustical Panels
Vinyl-Faced Gypsum Acoustical Ceiling 
Panels 2% 0.6% 0.01%
Cementitious Backerboard 0.7% 0.3% 0.2%

Cement Board Magnesium Oxide Board 0.2% 0.2% 0.1%

Rigid PVC Window Profile 87% 82% 0.9%

Composite Window Frame 52% 46% N/A
Windows and 
Siding Vinyl Siding 89% 77% 0.9%

Roofing Reinforced PVC Roofing Membrane 53% 48% 27%
Horizontal Louver Blinds (PVC) Slats 86% 83% 0.9%

Vinyl Wall Base 14% 14% 35%

Other Vinyl-Coated Wire Shelving 4% 4% 1%
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Exterior Door w/Insulated Glass Unit (IGU) 2% 0.01% 0.01%

Table 1b. Percent weight plastic polymers, polystyrene and PlastChem priority chemicals in Common 
Products containing polystyrene. N/A means that priority chemicals were not identified in the Common 
Product.

Common Product

% Weight 
Plastic 

Polymers
% Weight 

Polystyrene

% Weight 
PlastChem 

Priority 
Chemicals

EPS Insulation (expanded polystyrene) 97% 96% N/A

Insulation XPS Insulation (extruded polystyrene) 90% 88% 6%

Windows Fiberglass Window Frame 32% 0.9% N/A
Doors Exterior Door w/IGU 2% 1% 0.01%
Backerboard Cementitious Backerboard 0.7% 0.4% 0.2%

Chemicals of Concern Screening
15 of the 21 Common Products containing PVC also contained at least one PlastChem priority 
chemical. Most of the priority chemicals identified were orthophthalates and organometallics. 
Eight Common Products contained orthophthalates, which are identified as plasticizers used in 
flexible PVC products and sealants.49 Orthophthalates were also found at the highest weight 
percentage among the 15 priority groups screened, with four products containing them at 
concentrations equal to or greater than 13% weight of the product. This analysis only captures 
where the priority chemicals are commonly found in each material type, not all cases in which 
the priority chemicals may be used. For example, none of the four vinyl flooring Common 
Products list orthophthalates, which have historically been used as plasticizers in vinyl flooring.57 
These Common Products do not report the use of orthophthalates because the most commonly 
cited plasticizers at the time of the research were non-orthophthalate plasticizers, such as bis(2-
ethylhexyl) terephthalate. Some manufacturers still report small percentages of orthophthalates 
in vinyl flooring products, which may be present from incorporating recycled content or other 
additives.57–60 Several PVC-containing products contained organometallic heat stabilizers. 
Additional priority chemicals identified in PVC-containing products included chlorinated 
paraffins, benzotriazoles, and benzothiazoles. 

The screening flagged PlastChem priority chemicals in three of the five polystyrene-containing 
products. These chemicals include orthophthalates, chlorinated paraffins, organometallics, and 
PFAS. PFAS was identified at 6% weight in extruded polystyrene insulation because it includes 
the blowing agent HFC-134a, which has one fully fluorinated carbon atom and is classified as 
PFAS in the PlastChem database. This classification is consistent with the widely accepted 
definition of PFAS used by the Organisation for Economic Cooperation and Development.61 
Orthophthalates and chlorinated paraffins were not identified in any products as polystyrene 
additives. Rather, they were identified in two products that also contained PVC and were 
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additives associated with the latter. Orthophthalates were identified in a PVC-coated alkali-
resistant fiberglass scrim included in the cementitious backerboard Common Product, which 
also contains expanded polystyrene beads as a lightweight aggregate. Both orthophthalates 
and chlorinated paraffins were identified in a closed-cell PVC foam glazing tape included in an 
exterior door Common Product that also contained expanded polystyrene insulation.

Considering the full Common Product dataset, chemicals in the PlastChem priority groups were 
identified in 83 of the 194 Common Products that contain plastic polymers or plastic polymer 
precursors (43%). Table 2 shows the most common priority groups found and examples of the 
types of products that contained the chemicals of concern. See the Supplementary Information 
(Table S1) to view the total weight percentage of each group of PlastChem priority chemicals 
identified in each Common Product.

Table 2. Common Products and product types containing chemicals from selected PlastChem priority 
groups 

PlastChem Priority 
Group 

Number of Common 
Products containing 
chemicals from the 

group

Examples of product types commonly 
containing chemicals from the group

Organometallics 34 Sealants; adhesives; PVC products including 
pipes, flooring, window frames

Alkylphenols 22 Paints; coatings; plastic pipes

Orthophthalates 20 PVC products including wall base and 
waterproofing/roofing membranes; sealants

Benzotriazoles 17 Plastic decking; roofing membranes; water 
pipes; cladding; flooring; sealants

PFAS 10 Carpet; foam insulation; coated metal; pipe 
thread sealant

Mass Plastic Polymer Calculations: Insulation Case Study
Thermal insulation was selected as a case study to illustrate how use considerations for 
materials impact the final amount of plastic placed in a building. Mass plastic polymers per unit 
area at a constant thermal resistance (R-13) was calculated for different types of insulation that 
contain various percent weight plastic polymers (Table 3). This is a common use-case for 
insulation; often builders wish to achieve a desired thermal resistance for a particular area of a 
building.

Table 3. Estimated mass of plastic polymers in insulation at R-13 (13 ft²·hr·F/Btu) or RSI = 2.3 m²·K/W

Page 11 of 26 Environmental Science: Advances

E
nv

ir
on

m
en

ta
lS

ci
en

ce
:A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

1 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/2
/2

02
6 

12
:1

9:
38

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D5VA00484E

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5va00484e


11

Calculated 
Thickness for R-13
(RSI = 2.3 m²·K/W)

Estimated Mass of 
Plastic Polymers

Common Product Inches mm
lbs 

plastic/ft²
kg 

plastic/m²

Estimated % 
Weight Plastic 

Polymers

EPS Insulation (expanded polystyrene) 3.3 83 0.36 1.7 97%
XPS Insulation (extruded polystyrene) 2.6 66 0.31 1.5 90%
Closed Cell Spray Foam Insulation 1.9 48 0.26 1.3 84%
Polyisocyanurate Wall Insulation Board 2.0 51 0.25 1.2 81%
ASJ-Faced Fiberglass Board Insulation 3.0 77 0.25 1.2 16%
Wood Fiber Insulation Boards 3.6 92 0.083 0.41 4%
Unfaced Cellulose/Cotton Batt 
Insulation 3.5 89 0.079 0.38 11%
Mineral Wool Board Insulation 3.2 81 0.033 0.16 2%
Mineral Fiber Batt Insulation 3.1 79 0.026 0.13 5%
Wet-Blown Cellulose Insulation 3.4 87 0.025 0.12 3%
Unfaced Fiberglass Batt Insulation 3.5 89 0.011 0.056 9%
Kraft-faced Fiberglass Batt Insulation 3.5 89 0.011 0.052 8%
Spray-applied Fiberglass Insulation 3.1 79 0.0080 0.039 1%
Dense Pack Cellulose Insulation 3.5 89 0.00 0.00 0%
Dense Pack Fiberglass 3.0 77 0.00 0.00 0%
Expanded Cork Board Insulation 3.4 87 0.00 0.00 0%
Loose Fill Cellulose Insulation 4.3 110 0.00 0.00 0%
Loose Fill Fiberglass Insulation 5.0 127 0.00 0.00 0%

Due to the wide range of reported weight percentages for individual chemicals, as well as in 
density and R-value, there is a high degree of uncertainty in the estimates of mass plastic 
polymers in insulation products. Table 4 summarizes the variability of reported values for 
different parameters used to estimate this mass. Note that only the weight percentage of 
primary plastic polymer is shown in this table as an illustrative example of the type of ranges 
reported in Common Product sources. Some mineral- and biological-based insulation products 
contain plastic polymers as binders, which are added to hold the materials together. 

Mineral fiber batt insulation has the widest range of reported binder (primary polymer) weight 
percentages, with a median value (5%) that is four times larger than the minimum reported 
value (1%) and is one quarter of the maximum reported value (20%). The narrowest range of 
reported weight percentage of primary polymer was observed in EPS insulation, which had a 
reported maximum (100%) about 3% larger than the calculated median (97%) and a reported 
minimum (92%) about 5% smaller than the calculated median.

Table 4. Variability in Reported Data for Insulation (U.S. units) 
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See SI Table S6 for additional methodological description and metric units. 

Density (lbs/ft³) R-value/Inch
% Weight Primary 

Plastic Polymer

Common Product
Median 

(Min, Max) N
Median (Min, 

Max) N
Median 

(Min, Max) N
ASJ-Faced Fiberglass Board 
Insulation 5.99 (1.1, 6.99) 4 4.3 (4, 4.6) 4 15 (5, 30) 3

Closed Cell Spray Foam Insulation 2 (1.5, 2.4) 9 6.9 (6.2, 7) 9 87 9
Dense Pack Cellulose Insulation 3.45 (3.4, 3.5) 2 3.7 (3.5, 3.8) 2 N/A N/A
Dense Pack Fiberglass 1.8 (1.5, 2) 5 4.3 (4.2, 4.6) 5 N/A N/A
EPS Insulation (expanded 
polystyrene) 1.35 (0.7, 3)

ASTM 
Standard 4 (3.1, 4.3)

ASTM 
Standard 97 (92, 100) 9

Expanded Cork Board Insulation 7.25 (7, 7.5) 2 3.8 (3.6, 4.2) 2 N/A N/A
Kraft-faced Fiberglass Batt Insulation 0.45 (0.44, 0.46) 2 3.4 (2.9, 4.3) 4 6.6 (3.4, 8.2) 4
Loose Fill Cellulose Insulation 0.29 (0.27, 0.34) 3 3 (2.8, 3.4) 3 N/A N/A
Loose Fill Fiberglass Insulation 0.45 (0.32, 0.5) 5 2.6 (2.1, 2.7) 5 N/A N/A
Mineral Fiber Batt Insulation 2 (0.56, 2.18) 2 4.2 (4, 4.3) 2 5 (1, 20) 3

Mineral Wool Board Insulation 6 (4, 10) 4 4.1 (3.4, 4.2) 4 2 (0.8, 6) 5
Polyisocyanurate Wall Insulation 
Board 1.87 (1.5, 2.5) 2 6.5 (5.4, 6.9) 5 80 (55, 99) 5
Spray-applied Fiberglass Insulation 2.13 (1, 3) 5 4.2 (4, 4.3) 3 0.9 1
Unfaced Cellulose/Cotton Batt 
Insulation 2.5 (1.2, 3.5) 3 3.7 (3.5, 4) 4 10 (5, 20) 4

Unfaced Fiberglass Batt Insulation 0.45 (0.44, 0.46) 2 3.4 (2.9, 4.3) 4 7 (3.7, 8.8) 3

Wet-Blown Cellulose Insulation 3.43 (2.7, 4.3) 3 3.8 (3.6, 3.8) 4 2.5 (2.3, 2.7) 3

Wood Fiber Insulation Boards 6.9 (3.1, 16.9) 7 3.6 (2.9, 3.9) 6 4 (0.3, 4) 4
XPS Insulation (extruded 
polystyrene) 1.6 (1.2, 3)

ASTM 
Standard 5 (3.9, 5)

ASTM 
Standard 90 (60, 100) 5

Discussion
Scientists are calling for interventions on plastic production, use, and releases to reduce threats 
to planetary boundaries and maintain biosphere integrity.12,13 As of 2022, a global effort is 
underway to address plastic pollution through adoption of a legally-binding plastics treaty.62 With 
the global building sector’s floor area set to double between 2017 and 2060, plastic production 
for use in construction will further increase, likely surpassing 2019 plastic packaging levels by 
2050 without intervention.63,64 PVC and polystyrene are priorities for action based on several life 
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cycle hazard analyses, and the building sector is a large user of both.65,66 Therefore, any 
comprehensive plastic pollution reduction strategy must include interventions on plastic building 
materials.

This analysis reveals large quantities of plastic polymers in building products, including some 
that would not be expected to contain plastic based on the product name, such as fiberglass 
window frames, and it enables further research into the health and environmental impacts of 
building materials that can support comprehensive plastic reduction solutions. This paper 
introduces a publicly available dataset that summarizes chemicals commonly identified in 
building materials. The analysis of this paper supplements existing hazard screening data by 
estimating the plastic polymer types and percentages in each product type. The plastic polymer 
percentage and identity is a valuable addition to the existing hazard screening data because 
polymers themselves contribute to plastic pollution. They do this through hazardous chemical 
emissions during fossil fuel extraction, polymer production, use, and end of life (building fires, 
wildfires, and incineration, in particular, contribute to end of life emissions).42 Plastic polymers 
also contribute to microplastic pollution, an emerging health concern, and common hazard 
screening methodologies do not assess details about plastic polymers, including their presence 
and quantity in products.6,12,42,51,67–69

Very few previous studies have explored the chemical composition of building materials and 
those that do acknowledge that data are lacking.70,71 The dearth of data results in prior analyses 
that include few product types and a limited ability to accurately and transparently assign plastic 
polymer weight percentages.70 Those that link manufacturer data (e.g. SDSs) to specific 
manufacturer products may not have complete formulations and do not offer a simple way to 
conduct analyses comparing product types, such as those presented here.71 The analysis 
conducted here adds to this work by expanding the number of products assessed and 
synthesizing disparate public documents to create complete generic product profiles for a wide 
array of building materials, including those containing plastic. This dataset allows for analyses 
such as those presented here, more accurate materials flow analyses, and identification of 
potential chemicals of concern in products for circularity considerations. In addition, the 
Common Product dataset continues to be expanded and updated, allowing for more expansive 
analyses over time. For example, the exposure modeling conducted by Huang, et al. was based 
on an earlier version of the Common Product dataset containing 142 building materials.72,73 
Since then, 102 new Common Products have been added to Pharos, 45 have been updated, 
and five have been retired, resulting in profiles for 239 materials being included in the present 
analysis.

Future analyses could be greatly strengthened by government and industry policies requiring 
public disclosure of the full chemical composition of products, as well as production-related 
chemicals and transformation products. Other commercial sectors have overcome issues of 
proprietary information in the interest of increased transparency including the cosmetics industry 
on a global scale74 and cleaning products at the regional level.75 Transparency efforts are 
underway in the automotive industry, though there is still limited public disclosure.76,77
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Public disclosure of building product composition is already happening to some degree.  
Manufacturer participation in voluntary content disclosure programs in the building and 
construction sector has increased in recent years, likely due to the addition of incentives to use 
these programs through credits incorporated into green building standards.78–82 At least one of 
these voluntary disclosure programs has been adapted to screen chemicals against hazard lists 
that are regionally relevant in the European Union, expanding applicability from the national to 
international level.83 The existence and increasing participation in these voluntary programs 
along with regulations at national and sub-national levels for other industries illustrates that 
public disclosure requirements for building materials are feasible. 

Voluntary disclosures or certifications do, however, typically allow for some or all of the product 
content to be held proprietary.84,85 These programs may also introduce bias toward products 
containing less hazardous content based on which companies choose to participate, and based 
on which products they select to include in such programs; products with the worst chemicals of 
concern may be excluded from these voluntary efforts. Several product-specific building product 
databases exist, though these often provide an incomplete picture of the chemical composition 
of building products.86 To our knowledge the Common Product database is the only publicly 
available database cataloging the type and concentrations of chemicals in generic building 
product types and lending itself to the modeling analysis presented here that attempts to 
account for these potential biases. Content transparency supports continued development of 
datasets like the one presented here and enables hazardous chemical reduction more broadly; 
such chemicals are also contributing to the pressure on planetary boundaries.13,87,88  

PVC was identified in 21 Common Products across a variety of categories, with a particularly 
high percentage use in pipes. Polystyrene was found in five Common Products including EPS 
and XPS, both widely used as building insulation materials.89 Alternatives are available for many 
PVC and polystyrene applications that contain little to no plastic.33,65 The scale of PVC and 
polystyrene consumption, the availability of alternatives that reduce the use of plastic and other 
hazardous chemicals, and the known environmental and human health impacts make these 
polymers a high priority for phaseout.

In addition to the inherent hazards in the life cycle of plastic polymers, additives and other 
chemicals found in plastic products are often hazardous. PlastChem priority chemicals are 
common in PVC and polystyrene building materials as well as other building products. This 
analysis is meant to be illustrative of potential screening and is not inclusive of all plastic 
chemicals of concern. Further analyses are possible with the full publicly available data set in 
Pharos. 

The insulation case study demonstrates that performance (in this case R-value) and density is 
important to consider when calculating the volume of plastics used in a building. EPS and XPS 
had the highest mass plastic polymers per area of all insulation materials assessed. 
Polyisocyanurate insulation and ASJ-faced fiberglass board insulation were estimated to contain 
roughly the same mass of plastic polymers per area (Table 3), despite ASJ-faced fiberglass 
having a significantly lower weight percent plastic polymers. The mass of plastic polymers in 
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ASJ-faced fiberglass board insulation is both a factor of its median density (6.0 lbs/ft³ or 96 
kg/m³) and its required thickness (3.0 in. or 77 mm) to achieve the same thermal resistance 
compared to that of polyisocyanurate wall insulation (1.9 lbs/ft³ or 30 kg/m³, 2.0 in. or 51 mm). 
This type of information, however, is not always reported for building materials. When it is, it 
may be spread across various documents covering multiple products with a range of content 
and densities, making it difficult to tie a particular formulation to a particular density. This sort of 
disparate and sparse information further complicates efforts to understand the mass of plastic 
polymers in a particular product. Researchers and practitioners hoping to assess the mass of 
plastic polymers in materials need to consider attributes outside of percent weight plastic to 
approximate the real-world application of these materials. 

Other factors that influence the volume of plastics used by the building industry include cutoff 
waste during installation, actual service life, maintenance practices, and reuse potential. Plastic 
waste from building and construction is increasing at a similar rate as production, and this rate 
will likely increase in the coming years as more structures containing plastic materials reach the 
end of their life spans.11,17 The interventions that most significantly decrease plastic pollution 
across the life cycle focus on using fewer materials by implementing complementary material 
efficiency strategies during building design (designing to use less material), extending material 
and building lifespans, and reuse at end of life.90,91 

Limitations
The Common Product dataset is not representative of the entire building materials market. It is a 
convenience sample, and while it captures many widely used materials, it does not capture all 
categories or all materials. Some categories only include a subset of possible products, with 
excluded types that may contain plastic or specific plastic polymers. For instance, carpet tile 
may commonly use a PVC backing, but the Common Product included in the dataset details 
carpet tiles with polyolefin backings, so did not capture that particular use of PVC. The dataset 
is based on publicly available data and was not validated using product testing. Under-reporting 
of toxic chemicals has been found in other contexts.92 

Likewise, within any product type, specific additives included in Common Products should not 
be assumed to be representative of all products on the market. While the research aims to 
identify all manufacturers of similar products, some manufacturer’s products may not be 
represented in an analysis due to factors such as lack of publicly available data or variability in 
available product formulations. The representativeness of the chemicals listed in a Common 
Product will vary widely between different chemicals listed in a given Common Product and also 
across Common Products. For example, eight manufacturers of spray polyurethane foam 
roofing were identified. All were researched and any available content information was included 
in the analysis. Most manufacturers have a version of the product made with a 
hydrofluorocarbon (HFC) blowing agent and a version with a hydrofluoroolefin (HFO) blowing 
agent. Because only a few U.S. states had implemented regulations requiring the phase out of 
HFCs, and HFO blowing agents were more expensive, the Common Product was scoped to 
describe the HFC-type of product. Five of the eight manufacturers disclosed a blowing agent. In 
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all cases, this was HFC-245fa. The industry average EPD also listed HFC-245fa as the specific 
blowing agent. It is possible that the three manufacturers that did not disclose a blowing agent 
use a different chemical for this function, but HFC-245fa was the most commonly cited by 
manufacturers for this function in this type of product. 

Another limitation is that market share data are not typically publicly available. Consequently, 
even if one manufacturer’s formulation dominates the market, its formulation is weighted equally 
with that of a manufacturer who represents a smaller market share. While lack of market share 
data may mean that the specific substances included in Common Products are not 
representative of the market, the types of additives (i.e. what function they perform) included in 
formulations are likely impacted to a lesser degree. This is because the decision to include 
additives is driven by the chemistry of the type of product itself. For instance, products 
containing PVC typically require heat stabilizers to prevent the polymer from degrading during 
processing.93,94 

In some cases, however, authoritative government sources lent a high degree of confidence to 
the selection of content. For instance, the inclusion of the polymeric brominated flame retardant 
in the XPS insulation Common Product was deemed appropriate because a U.S. EPA 
alternatives assessment and a feasibility study available through the European Chemicals 
Agency’s website, indicated that the market was shifting from hexabromocyclododecane 
(HBCD) to this polymeric brominated flame retardant.95–97 Finally, manufacturer documentation 
commonly contains general information on products’ underlying chemistries, such as 
polyurethane, acrylic, or styrene butadiene rubber. Thus, while specific details like the average 
molecular weight of a polymer are often not available, there is a high degree of confidence in 
the accuracy of polymer types included in Common Product formulations.

Since the underlying data used to generate these estimates are based on reported ranges (as 
opposed to precise estimates or sample data), there is a degree of uncertainty in the estimates 
of percent weight plastic polymers. This is demonstrated by the wide range of insulation product 
primary plastic polymer weight percentages reported across different data sources. 

For this reason, the analysis did not statistically compare the median of the plastic polymer 
content of products. This is a limitation of publicly available data on the chemical makeup of 
building materials. This limitation does not prevent broad conclusions on the approximate 
amount of plastic polymers in materials and the types of polymers used from being drawn. For 
instance, the weight percentage of primary plastic polymers reported for EPS (92 to 100%), 
XPS (60 to 100%), and polyisocyanurate insulation (55 to 99%) are well above those reported 
for wood fiber insulation boards (0.3 to 4%). In this example, these estimates can be seen as 
useful approximations, especially given the lack of data on building material chemical content. 
However, it is difficult to determine with any accuracy whether EPS or XPS has a higher weight 
percent of plastic polymers from these data alone since the reported ranges overlap. In addition, 
because the underlying data are reported as simple ranges, it is difficult to discern the 
directionality of any error (whether plastic polymer content in any of the products is 
overestimated or underestimated).
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This analysis does not capture all the potential instances of the 15 priority chemical groups for a 
number of reasons. Common Products capture the most common chemicals for each function, 
so they do not include all possible content. Therefore, this analysis does not identify when 
priority chemicals are used but not common. In addition, while the research for each material is 
extensive, it is based on publicly available literature, which can be incomplete for a number of 
reasons. Regulations and voluntary disclosure frameworks typically require reporting based on 
known health hazards and based on the amount of chemical present in a product.40,84,85 
Chemicals may not be reported when toxicology data are lacking and where present below 
these reporting thresholds. Manufacturers may choose not to disclose chemicals, holding them 
as trade secrets, or they may be unable to disclose them, barring any regulatory requirements, 
due to lack of transparency from complex supply chains. 

Data and methodology use
The authors encourage future research into the impacts of building materials using this 
methodology and data. The data offer opportunities for new research including: sources of 
chemical and microplastic exposures and releases; identifying content common in products 
considered for reuse or recycling; and modeling approximate health and environmental impacts 
of material choices. 

The Common Product methodology could be used or adapted for estimating chemical 
formulations of products, including weight percentage of plastic polymers, using publicly 
available data in other industries without adequate chemical content transparency. This method 
for estimating weight percentage of plastic polymers from an existing database of chemicals 
may also be useful to other researchers in the field.

Conclusions
This novel data set of common chemical contents of building products brings together data from 
thousands of disparate sources on a range of plastic and non-plastic building products. Our 
analysis of percent weight plastic polymer and polymer types provides, for the first time, an 
estimated amount and type of plastic polymers in common building materials. 

In light of the growing concern around plastic pollution and pressure on planetary boundaries, it 
is critical both to improve the data on building material content through market and policy 
initiatives and independent research such as those described in this paper, and to take timely 
action to change the growth trajectory of this materials sector. While uncertainty remains, it does 
not preclude action—the available data are sufficient to make better informed policy and market 
decisions to reduce plastic building material and related hazardous chemical use. 
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Data availability statement
The full Common Product dataset, which contains all common product chemical content, 
percent weight, function in the product, and sources is freely available on Habitable’s chemical 
hazard and Common Product database, Pharos: https://pharos.habitablefuture.org/.

The Supplementary Information (SI) contains the dataset of 239 common products’ percent 
weight plastic polymers, associated polymer types, and priority plastic chemicals. The SI also 
includes additional methodological details and supplementary tables. 

SI: Common Product Methodology (PDF)

SI: Plastic Polymer Screening Methodology including Fig S1 and Tables S3 through S5 (PDF)

SI: Table S1 - Estimated Percent Weight of Plastic Polymers, Plastic Polymer Types, and 
PlastChem priority chemicals for All Common Products (XLSX)

SI: Table S2 - List of Unique Substances Identified in Pharos Common Products (XLSX)

SI: Table S6 - Variability in Reported Data - Metric (PDF)
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