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The report, Final Report for CPSC Task 14, presents the findings of research conducted by
Toxicology Excellence for Risk Assessment (“TERA”), under a contract with the U.S. Consumer
Product Safety Commission (“CPSC”). TERA performed this research to summarize available
information on the production of engineered wood products (specifically, particleboard, medium-
density fiberboard, and hardwood plywood) and the possibility of lead, phthalates or the
elements listed in Table 1 of ASTM F963-11" (“ASTM elements”) above their respective
concentration or solubility limits, when used in children’s toys or child care articles.

The 10 specified phthalates are:

DEHP: di-(2-ethylhexyl) phthalate
DBP: dibutyl phthalate

BBP: benzyl butyl phthalate
DINP: diisononyl phthalate

DIDP: diisodecyl phthalate

! Standard Consumer Safety Specification for Toy Safety.



DnOP: di-n-octyl phthalate
DIBP: diisobutyl phthalate
DPENP: di-n-pentyl phthalate
DHEXP: di-n-hexyl phthalate
DCHP: dicyclohexyl phthalate.

The chemical elements listed in ASTM F963-11 are:

Antimony
Arsenic
Barium
Cadmium
Chromium
Mercury
Selenium
e Lead.

This research was completed in support of CPSC’s work on third party testing burden reduction
consistent with assuring compliance. CPSC staff will consider this information in evaluating
whether staff could make a recommendation for a Commission determination that the engineered
wood products listed do not contain: lead in concentrations above 100 parts-per-million
(“ppm,”); any of the ASTM elements in concentrations above their respective solubility limits, or
any of the 10 specified phthalates in concentrations above 0.1 percent; and thus, may not require
third party testing to assure compliance with sections 101, 106, and 108, respectively, of the

Consumer Product Safety Improvement Act of 2008.

This report will be posted on CPSC’s website to keep stakeholders informed of the progress of
technical research related to the agency’s regulatory activities.
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1. Introduction

The Consumer Product Safety Act (CPSA) requires third party testing of children’s products for
compliance with the applicable children’s product safety rules. This report summarizes available
information on the production of engineered wood products (specifically - particleboard, medium
density fiberboard, and hardwood plywood) and the possibility of the raw materials or finished
product containing any of the specified chemical elements or phthalates (listed in Table 1) above
their respective solubility or content limits. As defined by the American Home Furnishings
Alliance (AHFA), engineered wood (also called composite wood) includes a range of derivative
wood products (particleboard, medium density fiberboard, or hardwood plywood) manufactured
by bonding primarily cellulosic materials (e.g., wood fibers) with adhesives. The Consumer
Product Safety Improvement Act (CPSIA) of 2008 restricts the presence of certain phthalates in
children’s toys and childcare articles, and the presence of lead in component parts of children’s
products (with a few exceptions). The CPSIA also requires toys intended for children under the
age of six (or toys or toy parts that are likely to be “sucked, mouthed, or ingested”) to comply
with Section 4.3.5 of ASTM F963-11 (Heavy Metals), of the ASTM International (ASTM, 2011)
Standard F963-11, Standard Consumer Safety Specification for Toy Safety Products (the Toy
Standard). The purpose of this report is to provide the United States Consumer Product Safety
Commission (CPSC) staff with information upon which to base a recommendation as to whether
specific engineered wood products used for children’s products, including toys and childcare
articles, can be determined not to contain any of the specified phthalates, lead or other chemical
elements in concentrations above the specified limits, and thus, would not require third-party
testing to assure compliance with the CPSIA (2008) and the Toy Standard.

Section 108 of the CPSIA (2008) restricts the presence of six phthalates in children’s toys and
childcare articles: dibutyl phthalate (DBP), benzyl butyl phthalate (BBP), and di-2-ethylhexyl
phthalate (DEHP) may not be present in concentrations above 0.1 percent (1000 ppm) in
accessible component parts of children’s toys and childcare articles; while di-n-octyl phthalate
(DnOP), diisononyl phthalate (DINP), and diisodecyl phthalate (DIDP) may not be present in
concentrations above 0.1 percent in childcare articles or in mouthable toys. The CPSC Chronic
Hazard Advisory Panel (CHAP) recommended that diisobutyl phthalate (DIBP), di-n-pentyl
phthalate (DPENP), di-n-hexyl phthalate (DHEXP), and dicyclohexyl phthalate (DCHP) be
permanently banned for use in children’s toys and childcare articles at concentrations greater
than 0.1 percent. This report addresses whether the three specified engineered wood products
might contain one or more of these specific phthalates at concentrations above the 1000 ppm
limit.



Section 101 of the CPSIA restricts the presence of lead at concentrations greater than 100 ppm in
accessible component parts of most children’s products. The Toy Standard sets solubility limits
for eight chemical elements (antimony, arsenic, barium, cadmium, chromium, lead, mercury, and
selenium) in paints, surface coatings, and accessible substrate materials. This report also
addresses whether the engineered wood products (i.e., accessible substrate material) might
contain lead at concentrations above the specified limit, or one or more of the other elements at
levels above the ASTM solubility limits (see Table 1).

Table 1. Specified chemical substances and solubility limits.

Chemical CASRN* Limit
Specified Phthalates
DEHP: di-(2-ethylhexl) phthalate | 117-81-7
DBP: dibutyl phthalate 84-74-2
BBP: benzyl butyl phthalate 85-68-7
DINP: diisononyl phthalate 28553-12-0, 68515-49-1
DIDP: diisodecyl phthalate 26761-40-0, 68515-49-1
; 0.1% (1000 ppm)
DnOP: di-n-octyl phthalate 117-84-0
DIBP: diisobutyl phthalate 84-69-5
DPENP: di-n-pentyl phthalate 131-18-0
DHEXP: di-n-hexyl phthalate 84-75-3
DCHP: dicyclohexyl phthalate 84-61-7
ASTM Chemical Elements
Antimony 7440-36-0 60 ppm
Arsenic 7440-38-2 25 ppm
Barium 7440-39-3 1000 ppm
Cadmium 7440-43-9 75 ppm
Chromium 7440-47-3 60 ppm
Mercury 7439-97-6 60 ppm
Selenium 7782-49-2 500 ppm
Lead 7439-92-1 100 ppm?

L CASRN or CAS, stands for Chemical Abstract Service Registry Number. A CASRN or CAS number is a unique
numerical identifier of a chemical substance.
2 CPSIA section 101 limit for lead content.
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The CPSC requested that Toxicology Excellence for Risk Assessment (TERA) investigate the
topics below.

e An overview of the materials, other than natural wood or similar natural cellulosic
materials (for example, adhesives, resins, and binders), and the processes used worldwide
to create engineered wood products.

e Detailed description of the raw materials used worldwide in the production of the
materials, other than natural wood or similar natural cellulosic materials, used to make
engineered wood products (e.g., adhesives, resins, and binders).

e The proportions of concentrations (or typical ranges) of the wood and non-wood
components; for example, the percentage by weight of adhesives and other non-wood
materials in each of the three engineered wood product types (i.e., particleboard, medium
density fiberboard, and hardwood plywood).

e Detailed description of the manufacturing processes used worldwide to create the
materials (adhesives, resins, and binders) and final specified engineered wood products.

e The potential use and description of any recycled materials or other additives in the
production of the engineered wood products that could contain lead, the specified
phthalates, or the specified chemical elements.

To address this task we methodically searched for evidence and data of potential contamination
of these three types of engineered wood products (EWPs) with lead, the specified chemical
elements or phthalates in a step-wise fashion. This report is organized into nine sections. First,
we briefly describe the literature search and research strategy, along with the types of data
sources consulted (details are provided in Appendix I). We then discuss some of the terminology
in the engineered wood sector to help define the scope for this research and to clarify some
terms. We investigate the possibility for lead, any of the other ASTM elements or specified
phthalates to be present in the engineered wood products above their respective solubility or
content limits. To supplement this, we identify the raw materials and additives for use in
manufacturing each EWP including the resins and additives used in making the adhesives. We
then investigate the potential for lead, any of the other ASTM elements, or specified phthalates
to be present in those raw materials. For the adhesives, we provide a brief description on why
lead, the ASTM elements, and specified phthalates are not likely to be present (Section 8.3).
Finally, we look at the possibility for lead, the ASTM elements, or specified phthalates to be
introduced into the EWPs from use of recycled raw materials in manufacturing. TERA focused
on the materials, other than natural wood or similar cellulosic materials, and the processes used
in the manufacture of engineered wood and the non-cellulosic additives.
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2. Approach and Methods

For each of the three specified engineered wood products, we investigated how the products are
made, what raw materials are used in manufacturing, the proportions of wood and non-wood
components, and the potential recycled materials used in production. We also searched for data
on concentrations of the substances of interest in the three types of engineered wood products
and the most commonly used adhesives and additives. We used a multi-pronged approach to
identify available information in order to answer the question of whether engineered wood
products (or the adhesives with which they are made) contain the specified phthalates listed in
Table 1 (in concentrations over 1000 ppm) or lead (in concentrations over 100 ppm) or any of
the other specified ASTM elements (in concentrations exceeding ASTM F963-11 limits shown
in Table 1). Our focus was to identify relevant information on the five research topics identified
by CPSC in order to address the question of whether engineered wood products, used as
substrates in toys or childcare articles, might contain any of the substances in concentrations
above the specified limits.

We first researched authoritative sources such as reference books and textbooks, along with
Internet resources, for general information about engineered wood products, adhesives, raw
materials, manufacturing processes, and the potential use of recycled materials. We utilized this
information and consulted technical experts to identify key words for literature searching. We
then conducted primary literature searches for research studies and publications. Appendix I
provides additional details regarding the literature searches and results, including databases used.
Because there is little research on metal/elemental or phthalate contamination of EWPs, we cast
a wide net in our searching of the literature and as a result screened thousands of titles and
abstracts, with few relevant studies identified. Sometimes these searches also identified patents,
and we specifically state when patents are discussed in those sections. Information from patents
was only included to provide an indication of new technologies or materials that might suggest
future technologies, but these are not expected to be current industry standards or practice
(Frazier, personal communication). In addition, we searched for Safety Data Sheets (SDS)? for
information on raw materials [formerly called Materials Safety Data Sheets (MSDS)]. More
details on the specific search strategies and a summary of materials identified in the SDSs are
found in Appendix II.

¥ SDS sheets contain information on ingredients that exceed the cut-off limits for concentrations by weight as set by
regulatory bodies (Occupational Safety and Health Administration — OSHA; Globally Harmonized System of
Classification and Labelling of Chemicals — GHS). These limits are typically >1.0% for most ingredients (>0.1% for
carcinogens/mutagens) (UN, 2009). It is also worth noting that Confidential Business Information takes precedence
over reporting and proprietary information is commonly omitted.
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To address our research task, we reviewed the literature and resources for evidence of potential
contamination of the three types of EWPs with the specified elements or phthalates in a step-
wise fashion. First, we looked for data on measurements of specified elements or phthalates in
the EWPs. As anticipated, we found little information regarding direct evidence and
concentrations of the specified elements or phthalates in the EWPs themselves (Section 4).
Finding little data for the EWPs themselves, we then sought measurements of specified elements
or phthalates in adhesives and waxes most commonly used in EWPs, which meant also
identifying the most commonly used adhesives in the EWPs (Section 5 and 6; Appendix I1). We
identified the raw materials used to make these adhesives, and briefly investigated manufacturing
and potential impurities for instances of specified phthalate or ASTM element introduction
(Appendix I11). We also looked for the presence of phthalates in wood and potential for uptake of
phthalates into plants to determine whether phthalates might be found in EWPs originating from
raw cellulosic materials (Section 7). The potential for natural wood to contain concentration of
the ASTM elements above the solubility limits was addressed under a previous report prepared
for CPSC (CPSC, 2015). Lastly, we searched for information on elements and phthalates in
recycled materials that might be used to make EWPs (Section 8).

Through our multi-prong approach, we feel confident we have gathered and reported an accurate
picture of the EWP raw materials, manufacturing, and potential for contamination with the
substances in general. By approaching this research from multiple angles, we were able to locate
what we believe is representative information from the available data that provides confidence
that we have covered currently used and common adhesives, resins, and raw materials, and the
potential for phthalate or ASTM element introduction.

3. Engineered Wood Products

Engineered wood products are composite products made from wooden elements of various sizes,
including lumber, veneer, strands, flakes, much smaller particles of wood, and even individual
wood cell “fibers.” These variously sized wood pieces are bonded together with adhesives to
form panel products and lumber-like structural products (Stokke et al., 2014; APA, 2011; US
EPA, 2002, 2004; USDA, 2010; Karacabeyli and Douglas, 2013). Often the wooden elements
are bonded together with specific “grain” orientations intended to optimize mechanical
properties in the composite. The “grain direction” in a piece of wood is that which was parallel to
the original tree stem.

The three specified engineered wood products (hardwood plywood, particleboard, and medium
density fiberboard) are among multiple types of engineered wood products available. In the
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United States, EWPs fall into three manufacturer categories (US EPA, 2004). Hardwood
plywood falls within the first category and particleboard (PB) and medium density fiberboard
(MDF) fall within the second category. The third category is not relevant to this report.

1. Hardwood Veneer and Plywood (SIC 2435, NAICS 321211)*. Example products include
hardwood plywood composites, hardwood veneer or plywood, hardwood plywood
panels, hardwood or hardwood faced plywood, prefinished hardwood plywood, and
hardwood veneer mills.

2. Reconstituted wood products (SIC 2493, NAICS 321219). Example products include
bagasse board, flakeboard hardboard, insulating siding, cellular fiber or hard pressed
insulation board, fiber lath, medium density fiberboard, particleboard, reconstituted wood
panels, oriented strand board (OSB), wafer-board, fiberboard wall tile, and wood fiber
wallboard.

3. Structural wood, not classified elsewhere (SIC 2439, NAICS 321213, and NAICS
321214). Example products include glue-laminated or pre-engineered wood arches,
fabricated structural wood, finger joint lumber manufacturing, wood I-joists, laminated
structural wood, laminated veneer lumber, parallel strand lumber, structural wood (except
trusses), and others.

Other wood panel composites include combinations of wood with additional materials, such as
inorganics, plastics, fiberglass, and metals (Berglund and Rowell, 2005). These composites can
include non-wood or lignocellulosic-mineral composites based on inorganic binders (e.g.,
cement), natural fiber reinforced polymers, non-woven textile-type composites, polymer-wood
composites (polyethylene-wood, polypropylene-wood, polyvinyl chloride-wood), and
nanocomposites (USDA, 2010; Berglund and Rowell, 2005). This report focuses on hardwood
plywood, medium density fiberboard, and particleboard made from natural wood and does not
address these other types of EWPs.

3.1 Terminology
The following is a discussion of definitions and terminology used throughout this report. The
Composite Panel Association (CPA) defines medium density fiberboard (MDF) as “a composite
panel product typically consisting of cellulosic fibers combined with a synthetic resin or other
suitable bonding system and joined together under heat and pressure. Additives may be
introduced during manufacturing to impart additional characteristics” (CPA, 2012). Particleboard

*SIC: Standard Industrial Classification (SIC); NAICS: North American Industry Classification System (US
Department of Commerce, 2015)
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(PB) is conceptually similar: “a composite panel product consisting of cellulosic particles of
various sizes that are bonded together with a synthetic resin or binder under heat and pressure”
(CPA, 2015). Hardwood plywood is defined as “a manufactured panel made up of three or more
thin plies of hardwood [veneer] (e.g., red oak) laid on top of each other with the grain of each ply
running perpendicular to the one on either side of it” (HPVA, 2015). The Atlantic Plywood
Corporation (Atlantic Plywood Corporation, 2013) describes hardwood plywood with a little
more detail: “a panel composed of layers of one or more inner plies of wood veneer, medium
density fiberboard, PBC [particleboard core], or other core material bonded together with
adhesive to a face and back veneer of hardwood or decorative softwood veneer.” Hardwood
plywood is distinct from medium density fiberboard and particleboard because the plies
comprising the product are large sheets, sheets of veneer, or veneer bonded to a “sheet” of
particleboard or medium density fiberboard. Both medium density fiberboard and particleboard
can be used as the core material in hardwood plywood. Veneer is a piece of wood that has been
peeled or sliced from a log and is typically very thin, on the order of 1/8 inch or less (US EPA,
1995a).

While various classifications exist, composite wood products are most simply described under
two general categories, structural and nonstructural. Structural products, like softwood plywood
and laminated veneer lumber, are intended to serve as primary load-bearing building elements, in
home structures for instance. Structural products are manufactured with structural adhesives that
must satisfy certification criteria to be classified as structural adhesives (capable of weather
exposure). Nonstructural products, like hardwood plywood, particleboard, and medium density
fiberboard, are used to functionalize and/or adorn interior spaces as with cabinets and finish trim.
Nonstructural products are typically manufactured with nonstructural adhesives (not capable of
weather exposure). Nonstructural products may be manufactured with structural adhesives
(typically to reduce formaldehyde emissions), but such products are still considered as
nonstructural. Children’s toys (e.g., puzzles, dollhouses, pull toys, toy chests) could be
manufactured with either structural or nonstructural composite products, but the latter is most
likely.

Adhesive technologies give rise to many terms that may be easily confused and misused. We
discuss a number of the standard terminologies and their definitions here.
o “Adhesive” is the generic term used to describe a material, typically a liquid that can
transform, or cure, into a solid. The term can refer to the applied liquid or the cured solid
product (Frihart, 2005).
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e “Adhesive formulations” contain mixtures of various compounds that affect cost and
performance of the final adhesive. While the general formulations may be consistent
across the EWP sector, specific adhesive formulations can be highly variable, not only
between companies but also from the same company depending on factors such as
seasonal weather (i.e., humidity or temperature changes) or moisture content of wood
stocks (Frihart, 2005). Adhesives are sometimes formulated with fillers, waxes, and other
additives including catalysts, prior to curing into an adhesive.

e The definition and use of “resin” differs from source to source. In practice, an uncured
formulated adhesive contains the “resin” or “base resin” materials used to create the
cured formulated adhesive (Frihart, 2005; Frazier, personal communication). Adhesion
results when separate resins are bonded together as a result of adhesive cure.

e All adhesive formulations contain at least one “base resin” (resin) which is typically a
synthetic base polymer. The formulated adhesive is often named according to the
chemical feedstocks (monomers) used to synthesize the adhesive (Frihart, 2005). For
instance, urea-formaldehyde is an adhesive prepared from urea and formaldehyde base
resins.

e Aresin (base resin) may be used alone (not formulated with other resins or additives) and
in this instance the resin may be referred to as a “binder.”

In order to be consistent throughout this report, the term adhesive will refer to a formulated
product, while resin, or base resin, will refer to the base polymers used in adhesive preparation
or formulation.

Products such as particleboard and medium density fiberboard are generically classified as
“particulate composites.” Particulate composites are commonly manufactured using only a base
resin (binder); or if formulated, these formulations will not commonly contain fillers and
extenders. Adhesive formulations used in particulate composites will contain the base resin,
formaldehyde scavengers (compounds like urea that react with formaldehyde and reduce
formaldehyde emissions from the finished product), waxes (to impart water resistance), and
catalysts (used to accelerate cure). Catalysts increase the reaction rate of the adhesive during the
curing process (Frihart, 2005). Catalysts are not consumed in the reaction (Frihart, 2005).

There are other additives found in some adhesive formulations. These can include curing agents

(hardeners), fillers, extenders, and solvents present during the polymerization and curing of the
adhesives during EWP manufacture.
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e “Curing agents” (hardeners) are incorporated into the final polymerized adhesive. Curing
agents or hardeners may be monomers (or prepolymers) that react with the base resin,
and these are typical of two-part adhesives that cure at room temperature (cold-setting
thermosets) (Wilson, 2009b). Most cold-setting adhesives contain two parts, the base
resin and the curing agent (hardener).

o “Fillers” are typically flours of biomass waste like walnut shells or tree bark (Frihart,
2005). Fillers reduce cost and modify adhesive flow properties, giving added body and
increased rigidity, reducing flow (viscosity), and influencing wood penetration of the
adhesive; these are used in hardwood plywood, but not medium density fiberboard or
particleboard (Frihart, 2005).

e “Extenders” are similar to fillers in that they are also used to reduce cost and modify
flow, but unlike fillers, extenders possess some intrinsic adhesive quality. The most
common extender used in wood composites is wheat flour, which is used in urea-
formaldehyde resins for hardwood plywood.

Finally, solvents are often used to dissolve the base materials and additives for (typically) spray
application, and common solvents include water or methanol (Frihart, 2005). More detail on the
typically used resins, fillers, extenders, waxes, and scavengers in these adhesive formulations is
provided in Section 6.

3.2 Regulations or Standards
We did not locate any United States or Canadian regulations or standards that specifically set
limits on the presence of the specified elements or phthalates in engineered wood products.
However, there are limits on uses of chromated copper arsenate (CCA)-treated wood and for
formaldehyde emissions from finished EWPs. The US EPA and lumber industry agreed in 2003
to no longer use CCA-treated wood in residential construction (e.g., residential structures such as
playground equipment, decks, picnic tables, landscaping features, fences, patios, and walkways)
(US EPA, 2003). US EPA has proposed formaldehyde emission standards for composite wood
products, such as hardwood plywood, particleboard, and medium density fiberboard (US EPA,
2010).

In the United States, voluntary industry standards for EWPs focus on product performance or
grading of boards for consumer end uses; they do not address contamination (Schramm, 2003;
USDA, 2010). There are independent third-party testing and certification programs that address
environmental or sustainability aspects of product manufacture or content, in order to obtain
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points toward “green” certifications. We did not find any that address the specified phthalates or
elements directly.

In the European Union (EU) there is a voluntary program called Community Ecolabel; the EU
Ecolabel for Wooden Furniture limits concentrations of elements in recycled woods used in
furniture (EU, 2004). The concentrations are similar to ASTM F963-11 solubility limits, but
phthalates are not addressed. Fellin et al. (2014) note that some EU countries have stricter limits,
for example, Germany under the Wood Waste Normative. In addition, the European Panel
Federation (representing European manufacturers of particleboard, medium density fiberboard,
and oriented strand board) has established voluntary industry regulations limiting heavy metals
(EPF, 2010a) that are similar to the ASTM limits.

4. Concentrations of Lead, Specified Chemical Elements, and Phthalates in
Engineered Wood Products
As described in the Approach and Methods (Section 2 and Appendix 1), TERA searched in the
primary and secondary literature for the presence or concentrations of the specified elements and
phthalates in the three EWPs. Potentially relevant studies (English only) were retrieved and
reviewed. We found very few studies and little information on concentrations of the specified
elements or phthalates in EWPs. We did not find any studies that measured concentrations above
the ASTM solubility limits for the elements, or above 1000 ppm for the phthalates, in an EWP
made from virgin timber or fibers. A number of life cycle assessment (LCAS) or life cycle
inventories (LCIs) for the specified EWPs were identified and reviewed (e.g., Rivela et al., 2006,
2007; Garcia and Friere, 2011; Iritani et al., 2015; McDevitt and Grigsby, 2014; Wilson et al.,
2008a,b). While these provided useful information regarding common adhesives, manufacturing
practices, energy consumption, carbon emissions, and in some cases formaldehyde emissions,
they did not address concentrations of the specified phthalates and ASTM elements.

We did locate a number of studies that reported concentrations of one or more of the specified
elements in EWPs made from CCA-treated wood (e.g., Clausen et al., 2000, 2001; Kartal et al.,
2003; Kartal and Clausen, 2001; Munson, 1997; Munson and Kamdem, 1998). The CCA
preservative contains chromium and arsenic species, and some of these studies reported
concentrations of arsenic and chromium in EWPs above the ASTM limits. Because CCA-treated
wood is no longer used in the United States for household products, we did not investigate these
studies further.
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Another study (Fellin et al., 2014) reported concentrations of barium, cadmium, chromium, and
lead above the ASTM limits in EWP wood waste (including particleboard, hardwood plywood,
and medium density fiberboard). Because this was waste wood, it is not known how and what the
wood might have been contaminated with during its lifecycle and through post-manufacture
manipulations (e.g., painting and surface coatings). The results from this study are discussed
further in the recycling discussion (Section 8).

Coatings, finishes, and chemical treatments are a potential source of phthalates or elements. Our
searching also revealed studies and patents for flame-retardant coatings, some of which
contained antimony compounds. US EPA (1995a) notes that most manufacturers do not apply
finishes, rather this is typically done by either end users or laminators who then sell the finished
product to consumers. The focus of our report is on typical EWPs as produced by the EWP
manufacturers, and so we have focused our research on the possibility of the specified elements
and phthalates in the typically manufactured board from the factory, without paints, stains,
finishes, or special treatments.

4.1 Particleboard
We searched the literature for studies that measured concentrations of the specified elements and
phthalates in particleboard. The results of the literature search can be found in Appendix I. We
found no potentially relevant studies measuring concentrations of the specified phthalates in
particleboard. We identified 13 potentially relevant studies that reported concentrations of one or
more of the specified elements in particleboard or recycled wood materials used to make
particleboard and reviewed these studies. Three additional studies were identified via tree
searching and reviewed. Of the studies identified, only Munson and colleagues reported
concentrations of any of the specified elements in particleboard made with untreated woods
(Munson, 1997; Munson and Kamdem, 1998). Another study, Wolf et al. (1990), measured
concentrations of chromium and arsenic, along with other metals and contaminants, in samples
of wood, lacquer, and other agents used to make particleboard, but we were not able to determine
additional details including concentrations because only the abstract was available in English.

We also identified a number of United States patents for the development of adhesives for use in
particleboard. A patent for a lignin composition used as a phenol-formaldehyde (PF) resin
extender reported arsenic, barium, cadmium, chromium, lead, antimony, and selenium impurities
(concentrations of each no greater than 0.2%) (Simard et al., 2014). These patents are not
common methods and are not typically used in standard manufacture (Frazier, personal
communication). Information on patents is only included here to provide an indication of new

19



technologies or materials that might suggest future potential sources of elements or phthalates in
EWPs.

Munson and colleagues (Munson, 1997; Munson and Kamdem, 1998)

Munson and colleagues (Munson, 1997; Munson and Kamdem, 1998) studied the use of recycled
CCA-treated utility poles to make particleboard, primarily for structural uses. They mixed
untreated (virgin) and CCA-treated red pine chips to create particles with 0, 25, 50, 75, and
100% treated wood content. The mixtures were sprayed with phenol-formaldehyde or urea-
formaldehyde resin and heat pressed to form ten replicate particleboards per treatment. The
particleboards were manufactured with both 4% and 8% resin solids at 2.5, 4, or 6% resin
content. The particleboards were then leached in distilled water for 28 days and tested for metal
content (chromium, copper, and arsenic oxides). An ASOMA x-ray fluorescence analyzer
determined concentrations of chromium and arsenic (and copper) in samples (n=3 per treatment
group) of the finished particleboard products. Each of the products made with CCA-treated chips
(25, 50, 75, and 100%) had measured concentrations of chromium and arsenic above ASTM
limits. Neither arsenic nor chromium was measured in the phenol-formaldehyde particleboard
made from virgin wood chips (copper was detected). However, arsenic and chromium (along
with copper) were measured at low concentrations (0.04-0.28 ppm and 0.12-0.20 ppm,
respectively) in urea-formaldehyde particleboard made from virgin wood chips. The authors
concluded that particleboard made with CCA-treated wood chips leached more of the elements
than virgin wood chip particleboard, and that those boards with a higher resin content leached
less of the elements than those with a lower resin content.

Fellin et al. (2014)

Fellin et al. (2014) conducted elemental analysis on various types of wood residues (including
particleboard) from wood recycling plants. They measured concentrations above ASTM
solubility limits for several elements. However, as this particleboard was from wood recycling
plants, the authors noted that contamination might be due to manufacturing processes such as
coating and overlaying. Results of this study are reviewed in the recycling discussion (Section 8).

In summary, we identified little information on measurements of the ASTM elements in
particleboard and no studies that measured the specified phthalates. Munson and colleagues
(Munson, 1997; Munson and Kamdem, 1998) tested particleboard made from both CCA-treated
and untreated wood chips, and measured low concentrations (all less than 0.3 ppm) of arsenic
and chromium in the particleboards made from virgin wood chips. Chromium and arsenic were
detected in studies investigating particleboard made with CCA-treated wood products (e.g.,
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Munson, 1997; Munson and Kamdem, 1998) and in particleboard that was made with wood
waste (Fellin et al., 2014) (discussed in Section 8). Apart from the studies of particleboard wood
waste that may have had post-manufacturing treatments and studies using CCA-treated woods in
manufacture, the specified phthalates and ASTM elements were not found in concentrations
above their limits in particleboard.

4.2 Hardwood Plywood

We searched the literature for studies that measured concentrations of the specified elements and
phthalates in hardwood plywood. The results of this search can be found in Appendix I. We
found no potentially relevant studies measuring concentrations of the specified phthalates in
hardwood plywood. We identified 15 potentially relevant studies that reported concentrations of
one or more of the specified elements in hardwood plywood or plywood in general. Only one of
these studies, Peltola et al. (2000), investigated elements in plywood made from virgin materials,
but all measurements were below the ASTM solubility limits.

We also identified patents for hardwood plywood or decorative uses of plywood. One patent was
identified for a binder for use in plywood that contained 1-2 parts by weight of dibutyl phthalate
(Chen, 2014). A patent for a lignin composition used as a phenol-formaldehyde (PF) extender
reported arsenic, barium, cadmium, chromium, lead, antimony, and selenium impurities
(concentrations of each no greater than 0.2%) (Simard et al., 2014). These patents are not
common methods and are not typically used in standard manufacture (Frazier, personal
communication). Information on patents is only included here to provide an indication of new
technologies or materials that might suggest future potential sources of elements or phthalates in
EWPs.

Peltola et al. (2000)

Peltola et al. (2000) evaluated plywood (both plain and overlaid plywood) for biodegradability
and examined elemental composition, leachate quality, and toxicity to photobacteria. The plain
plywood was described as a veneer of birch and spruce with formaldehyde adhesive, while the
overlaid plywood was plywood with a phenolic surface film overlay. The samples were first
ground to dust particles 1-2 mm in size and then combusted (4 hours at 550 + 25°C). The
elemental composition analysis was conducted on the ash using inductively coupled plasma mass
spectrometry (ICP-MS). The elemental composition analysis identified 12 elements, including
chromium, cadmium, and lead. The concentrations of cadmium (0.08 mg/kg), chromium (0.4
mg/kg), and lead (5.1 mg/kg) in plain plywood were all below the ASTM solubility limits. In the
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overlaid plywood, the concentrations of chromium (<0.3 mg/kg) and lead (3.6 mg/kg) were even
lower.

Fellin et al. (2014)

Fellin et al. (2014) conducted elemental analysis on various types of wood residues (including
hardwood plywood) from wood recycling plants. They measured concentrations above ASTM
solubility limits for several elements. However, as this plywood was from wood recycling plants,
the authors noted that contamination might be due to manufacturing processes such as coating
and overlaying. Results of this study are reviewed in the recycling discussion (Section 8).

In summary, we identified only one study that measured the ASTM elements in uncontaminated
hardwood plywood and no studies that measured the specified phthalates. Peltola et al. (2000)
reported concentrations of several of the ASTM elements, all below the solubility limits. Apart
from the study by Fellin et al. (2014) of hardwood plywood wood waste that may have had post-
manufacturing treatments, the specified phthalates and ASTM elements were not found in
concentrations above their limits in hardwood plywood.

4.3 Medium Density Fiberboard
We searched the literature for studies that measured concentrations of the specified elements and
phthalates in medium density fiberboard (MDF). The results of this search can be found in
Appendix I. We found no potentially relevant studies measuring concentrations of the specified
phthalates in MDF. We identified 11 potentially relevant studies that reported concentrations of
one or more of the specified elements in MDF, and three additional studies via tree searching.
We reviewed each of these studies, but none of them measured any of the specified elements in
MDF made from virgin materials.

We also identified a number of United States patents for the development of adhesives for use in
medium density fiberboard. At least one of these included metals, specifically antimony and
chromium, but the percent concentrations were not provided (Meijer and Flapper, 2013). These
patents are not common methods and are not typically used in standard manufacture (Frazier,
personal communication). Information on patents is only included here to provide an indication
of new technologies or materials that might suggest future potential sources of elements or
phthalates in EWPs.
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Fellin et al., (2014)

Fellin et al. (2014) conducted elemental analysis on various types of wood residues (including
MDF) from wood recycling plants. They measured concentrations above ASTM solubility limits
for several elements. However, as the MDF was from wood recycling plants, the authors noted
that contamination might be due manufacturing processes such as coating and overlaying.
Results of this study are reviewed in the recycling discussion (Section 8).

In summary, no studies were identified that reported the presence of the specified phthalates or
elements in medium density fiberboard made with virgin wood. Apart from the study by Fellin et
al. (2014) of MDF wood waste that may have had post-manufacturing treatments, the specified
phthalates and ASTM elements were not found in concentrations above their limits in medium
density fiberboard.

5. Manufacturing of Engineered Wood Products

The basic elements for manufacturing the three types of engineered wood products are similar,
with the primary difference relating to the size and shape of the wood fiber (US EPA, 2004,
AHFA, 2014a,b). MDF and PB manufacture is most similar; both are particulate cellulosic
products where adhesive application requires a blending process (particulates tumbling in and
around an adhesive spray). Hardwood plywood manufacture is different because the plies are
large sheets (veneer) that pass through an adhesive coating system.

The first step of EWP manufacture is to acquire the raw wood material: logs, veneer, wood
chips, wood fiber, etc., and to prepare the material for processing, including sorting and sizing.
In PB and MDF, scraps and wood waste can be used for the raw wood materials as well as virgin
timber; branches are not typically used. Hardwood plywood requires logs for peeling sheets of
veneer. The cellulosic raw material is dried to a specific moisture content, and then adhesives,
waxes, and other additives are added, typically as a percent of dry weight of the starting material.
These additives are discussed only briefly here. To promote adhesive crosslinking (solidification
or curing), catalysts are often added to the adhesives prior to the blending process (Conner,
1996). Fillers and extenders are used only in hardwood plywood. Various scavengers, typically
urea/water solutions, can be used to reduce formaldehyde emissions when some formaldehyde-
based resins are used. Sizing agents such as petroleum-derived waxes are used to provide short-
term resistance to liquid water absorption (USDA, 2010). In the form of molten wax (slack wax)
or wax/water emulsions, these sizing agents are commonly used in PB and MDF (not in

23



hardwood plywood). They are typically blended at the same time as the adhesive, perhaps
immediately before, during, or immediately after the adhesive, but all within the same blender.

The next stage for MDF and PB manufacture is forming, and this involves air-blowing and/or
gravity-feeding adhesive/wood particles into a device that forms the particles into a mat (of
uniform thickness and density) that is subsequently hot-pressed. Once loaded into the hot-press,
the press plates close to a fixed opening (board thickness) and the thermosetting adhesive cures
(solidifies) with hot-press temperatures ranging from about 100°C to 200°C (US EPA, 2004;
Stokke et al., 2014). The dynamics of conductive heating, convective heating (steam),
compaction pressure, and wood and adhesive chemistry interact to produce the characteristics
inherent in the final manufactured composite. The product is cooled and further processed,
including trimming, sanding, and cutting to size.

Hardwood plywood differs from PB and MDF in adhesive application, as mentioned, in that
forming does not occur. Instead, after adhesive application (commonly with a roll-coater) the
various plies are “laid-up,” often manually, into stacks, pre-pressed (compacted without heating),
and then hot-pressed as above. Cooling and various finishing steps may occur as with PB and
MDF. A brief description of the manufacturing steps for each of the specified engineered wood
products follows in the below sections (Stokke et al., 2014).

5.1 Particleboard
Particleboard (PB) is an adhesively-bonded wood composite, much like MDF. It is composed of
particles made from virgin timber and/or wood residues (or other cellulosics) combined with
adhesives, waxes, and other additives, with multiple layers formed into a mat, which is pressed
into a board (US EPA, 1995a; USDA, 2010). PB comes in a range of thicknesses and size,
ranging from 3/8-1Ya inches thick, 4-5 feet wide, and 8-24 feet long (Wilson, 2008b). To make
particleboard, the wood particles are bonded using resins (such as urea-formaldehyde resins). PB
usually consists of three to five layers; the faces are usually constructed from fine wood
materials with the inner cores constructed from coarser wood materials (USDA, 2010). As
specified by the name, the three layer particleboards are made with three layers glued together
(USDA, 2010). PB has wide applications in furniture making and interior uses, and the typical
resins applied include urea-formaldehyde, melamine-formaldehyde, or melamine-urea-
formaldehyde (USDA, 2010). Some manufacturers may use phenol-formaldehyde or polymeric
methylene diphenyl diisocyanate [MDI, also known as polymeric
methylenebis(phenylisocyanate) (pMDI), polymeric isocyanate, polymeric MDI, or even just
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isocyanate] as an alternative strategy to reduce formaldehyde emissions, because these are
structural resins that do not emit formaldehyde.

5.1.1 Particleboard manufacture

Particleboard is manufactured in a process similar to that used for MDF (US EPA, 1995a;
USDA, 2010). The primary steps involved in manufacture of PB are described below (Wilson,
2008b; USDA, 2010; US EPA, 1995a).

e Particle preparation: wood residue storage and sorting by geometry.

e Particle classification: screening and sorting of wood residue is commonly conducted
using screens where oversized particles are reduced and used in face and core layers, and
undersized (fines) particles are used in the board. Reduction of oversized particles
through mechanically milling the wood into uniform size with hammer mills, chippers,
ring flakers, ring mills, or hogs.

e Particle drying: drying of particles to a target of about 2—8% moisture content, depending
on use in the face or the core and the type of resin formulation.

e Adhesive application: blending with an adhesive/resin, wax, catalyst, and/or scavenger to
form discrete droplets onto the wood particles.

e Mat formation: forming blended particles into a flat mat in 3-5 layers, with the ability to
adjust moisture and resin content depending on if the layer is a face or core layer.

e Pressing: hot pressing to increase the density and reduce thickness, and for resin curing.
Hot pressed panels are then air-cooled.

e Finishing: trimming, sanding, and size cutting. Trim losses can range from 0.5-8%.
Sander dust and panel trim can be recycled back through the whole process.

5.1.2 Particleboard raw materials

Wood residues contribute roughly 90% of the weight of particleboard materials and include
wood or planar shavings, sawdust, plywood trim, fines, and chips, and may include recycled
wood (such as mill residues or waste materials) (USDA, 2010). The potential for natural wood to
contain concentrations of the ASTM elements above the solubility limits was addressed under a
previous report prepared for CPSC (CPSC, 2015). To evaluate the potential of the wood to
contain phthalates, we investigated the potential of trees (and other plants) to take up phthalates
and present these findings in Section 7.

To make particleboard, a urea-formaldehyde resin is typically used, along with a catalyst (e.g.,
ammonium sulfate), and wax (Wilson, 2008b; Berglund and Rowell, 2005). Other resins include
melamine-based adhesives that are used in applications that may have a higher exposure to
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moisture (Berglund and Rowell, 2005) or phenolic or isocyanate-based adhesives (USDA, 2010).
Some manufacturers may use phenol-formaldehyde or methylene-diphenyl-diisocyanate (pMDI)
as an alternative strategy to reduce formaldehyde emissions. The type of resin used will depend
on the end-use of the product (USDA, 2010).

Secondary sources® and life cycle assessments (or inventories) provided information regarding
types of common adhesives (Conner, 1996; Frazier, 2003; Irle et al., 2012; Rivela et al., 2006;
Stark et al., 2011; Wilson, 2008b, 2009b). Information on specific formulations of adhesives
used in PB manufacture was not found in the available literature; this information is typically
proprietary. To supplement the general information, we searched the Internet for safety data
sheets (SDSs) [formerly called material safety data sheets (MSDS)]. SDSs are prepared by
manufacturers and include a list of ingredients for a product, as well as safety information. Table
1.3 in Appendix Il provides more detailed information on the raw materials identified in the
particleboard SDSs. We also obtained information from the Composite Panel Association (CPA)
on members’ use of binders, resins and other additives, as well as use of recycled sources of
wood/fiber and adhesives for PB and MDF (Heroux, personal communication).

Based upon information from these sources, the following are the most commonly used resins in
the manufacture of PB:

e Phenol-formaldehyde (uncommon but potential for use),

e Urea-formaldehyde,

e Melamine-urea-formaldehyde,

e Polymeric methylene-diphenyl-diisocyanate (pMDI).

Resins can be used alone or mixed with water, waxes, or catalysts to affect the final properties of
the adhesive (US EPA, 1995c¢, 2004; Rivela et al., 2006; Saravia-Cortex et al., 2013; Stark et al.,
2011; Wilson, 2008b). For example, waxes are added for waterproofing and to increase board
dimensional stability (US EPA, 1995c; USDA, 2010).

® Secondary sources are defined here as reference and text books, Internet resources, and government and industry
reports that contain general information about engineered wood products, adhesives, raw materials, and
manufacturing processes. This is in contrast to primary literature, which are the peer-reviewed and published studies
generally found using systematic literature searching approaches (See Appendix I).
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5.1.3 Typical ranges of the wood and non-wood components in particleboard

The USDA (2010) reports that a typical PB panel is roughly 90% wood by weight, with resin
content varying from 4-10% (typical range of 6-9% for urea-formaldehyde resins). The
percentage of resin can vary depending on whether it is applied to the outer or inner layers; the
outer layers usually receive a higher percentage (~8-15%) than inner layers (~4-8%) (USDA,
2010; Stark et al., 2011). Wilson (2008b) reported that the wood component represents 90%, the
resin 9.2%, and that lesser amounts of wax, catalyst, and scavenger make up the remainder of the
board weight. Waxes were reported as ranging from 0.3-1% (Stark et al., 2011). Information
obtained from the CPA (Heroux, personal communication) reported a somewhat broader range
of proportions by weight for composite wood panels (but did not distinguish MDF from PB or
other composite panels): wood fiber 80—-97%, binder solids 2—18%, emulsified wax solids 0.11—
2%, and scavengers 0.1-15%. As noted above, we used the available SDSs to identify the
commonly used raw materials in PB; in some cases, the SDSs also provided percentages of raw
material by weight. The SDSs for particleboard indicated the following ranges by weight (see
Appendix Il for details): wood: 60-100%; resins: 0-17% (with a more common application
range of 5-11%); waxes: 0.3-1%; and other additives (such as scavengers or additional
unspecified materials) contribute up to 2% by weight.

The potential for the primary resins and other additives used to make particleboard to contain
any of the selected elements or phthalates is further discussed in Section 6.

5.2 Hardwood Plywood
Hardwood plywood is a specific type of plywood, but the manufacturing information we found
generally addressed both hardwood and softwood plywood. In this section, we discuss plywood
manufacture in general, but when data are specific for hardwood plywood, it is noted. Note that
the terms “hardwood” and “softwood” are botanical designations for angiosperms (e.g., oaks and
maples) and gymnosperms (e.g., pines), respectively.

Hardwood plywood is a glued wood panel made up of relatively thin layers of veneer (plies).
Hardwood plywood is typically glued veneer made of hardwoods, such as oak, birch, maple, and
cherry; softwood plies are from softwoods such as pine, cypress, and cedar (Schramm, 2003; US
EPA, 1995a,c). The inner core of hardwood plywood can be made from any number of wood
materials, including veneer only (softwood or hardwood), MDF, PB, or alternatives such as agro-
fiber based boards (Schramm, 2003; Berglund and Rowell, 2005; USDA, 2010). Most hardwood
plywood is made from veneer only, with less made with PB or MDF cores (US EPA, 1995a).
Manufacturing of PB and MDF is covered in Sections 5.1.1 and 5.3.1, respectively. Veneer is
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produced from the tree log either through slicing or through rotary peeling (imagine a roll of
toilet paper). Rotary peeling of logs is used to make more than 80% of veneer production
(Schramm, 2003). Smaller, imperfect pieces of veneer may be “unitized” into larger sheets.
Because veneer is produced from logs, recycled wood does not contribute to veneer production.

5.2.1 Hardwood plywood manufacture

The basic hardwood and softwood plywood manufacturing steps are similar (US EPA, 1995c).
The primary steps involved in manufacture of hardwood plywood are described below (Wilson
and Sakimoto, 2005; Schramm, 2003; US EPA, 1995c; Stokke et al., 2014; USDA, 2010;
Puettmann et al., 2013):

e Debarking: debarking and bucking to remove bark from logs and to cut blocks to size for
peeling.

e Conditioning: steaming the log or soaking in heated water, to soften the wood, which
improves veneer production.

e Veneer peeling: spinning the log on a rotary lathe while pressing a long sharp blade
against the spinning log.

e Veneer clipping: physically clipping the veneer to size and to eliminate defects.

e Veneer drying: drying of veneers to about 3-6% moisture content.

e Veneer preparation, glue application, lay up, and pressing: in these steps, veneers are
coated with adhesives and stacked (“laid-up”) for pressing, typically using an alternating
grain orientation. Adhesives are typically applied using roll-coaters or other devices.
After panel lay-up, the package is pre-pressed (compacted without heating), which
facilitates transfer into the hot-press. Once in the hot-press (100-200°C), heat and
pressure cure the resin; varying hot-press times according to panel thickness.

e Panel finishing: finishing including trimming, sawing, and sanding. Finishing may
include a panel cooling step for hardwood plywood, and this would occur immediately
after hot-pressing.

5.2.2 Hardwood plywood raw materials

Hardwood plywood is made up of hardwood veneers and adhesives. The plies that make up
hardwood plywood are made of layers of wood veneer from logs of angiosperm trees (i.e.,
hardwoods) such as oak, birch, maple, and cherry. PB or MDF cores are sometimes used; see
Sections 5.1.2 and 5.3.2 for their raw materials. The potential for natural wood to contain
concentrations of the ASTM elements above the solubility limits was addressed under a previous
report prepared for CPSC (CPSC, 2015). To evaluate the likelihood of the wood to contain
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phthalates we investigated the potential of trees (and other plants) to take up phthalates and
present these findings in Section 7.

Hardwood plywood is made with nonstructural adhesives like polyvinyl acetate (PVA); but most
common is urea-formaldehyde. Occasionally, melamine-formaldehyde or melamine fortified
urea-formaldehyde adhesives may be used, or soybean flour-based adhesives (Berglund and
Rowell, 2005; Schramm, 2003; Stokke et al., 2014; Li et al., 2010). Structural plywood is made
with phenol-formaldehyde. However, other structural adhesives could be used to make structural
plywood, including various isocyanate containing adhesives (US EPA, 1995c; Stokke et al.,
2014).

Catalysts, extenders (e.g., wheat flour), fillers (e.g., ground walnut shell), and water can be added
(Schramm, 2003). Typically, the resins are combined (formulated) with these extenders, fillers,
and/or catalysts to create the formulated adhesive (Wilson and Sakimoto, 2005; US EPA, 1995c).
The purpose of these additives includes controlling the viscosity, increasing the cure rate, and
lowering the total cost of production (US EPA, 1995c).

Secondary sources and life cycle assessments (or inventories) provided information regarding
types of common adhesives (Berglund and Rowell, 2005; Conner, 1996; Haupt and Sellers,
1994; Irle et al., 2012; Wilson, 2009b; Wilson and Sakimoto, 2005). Information on specific
formulations of adhesives used in hardwood plywood manufacture was not found in the available
literature; this information is typically proprietary. To supplement the general information, we
searched the Internet for safety data sheets (SDSs). Table 1.1 in Appendix Il provides more
detailed information on raw materials identified in the hardwood plywood safety data sheets. In
some cases, the SDSs did not clearly identify whether the product was hardwood or softwood
plywood. In some cases, an SDS covered both types; therefore, the information may reflect a mix
of hardwood and softwood plywood.

Based upon information from the cited sources, the following are typical resins used in the
manufacture of hardwood plywood:

¢ Phenol-formaldehyde or phenol-resorcinol-formaldehyde (likely for use in structural

plywood but potential for application to hardwood plywood),

e Urea-formaldehyde,

e Melamine-formaldehyde,

e Melamine-urea-formaldehyde,

e Polyvinyl acetate.
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A relatively new adhesive that was not identified in our searching is a soybean flour-based
adhesive (Soyad by Solenis), in which a proprietary petroleum-based crosslinking chemical is
blended with soybean flour (Frazier, personal communication; USDA, 2010). Because it was not
identified as a typical adhesive, we have not investigated it further.

5.2.3 Typical ranges of the wood and non-wood components in hardwood plywood

The USDA (2010) reports that a typical hardwood plywood panel has resin content varying from
2-10% by weight. We used the available SDSs to identify the commonly used raw materials
used in hardwood plywood; in some cases, the SDSs also provided percentages of materials by
weight (Appendix I1): wood at 75—>99%; resins at 0.02—-20% (most common applications range
of 1-5%); and other additives (such as fillers) contribute <2% by weight. The potential for the
adhesives, base resins, and other additives used to make hardwood plywood to contain any of the
selected elements or phthalates is further discussed in Section 6.

5.3 Medium Density Fiberboard
Medium density fiberboard (MDF) is a type of adhesively bonded wood composite made from
wood fibers combined with resin, wax, and other additives (Wilson, 2008a). MDF comes in a
range of thicknesses, 2-100 mm, and densities, 500-900 kg/m? (Stokke et al., 2014). Fiberboard
differs from particleboard in that fiberboard uses fibers as opposed to particles® and is therefore
stronger than particleboard (USDA, 2010). Wood fiber used for manufacturing MDF can be
sourced from low value logs, industrial wood residues (e.g., chips, sanderwood, sawdust,
shavings, plywood trim), lumber mill residues, scraps and trim from furniture and EWP
production, or from urban wood waste (Wilson, 2008a, 2009b; US EPA, 1995c). Other wood
input materials include shavings, sawdust, and plywood trim (Wilson, 2008a). While
lignocellulosic fibers from wood residues are most often used for MDF, other lignocellulosic
fibers used for MDF include agro-fibers and recycled wood (US EPA, 2004). See Section 8 for
further discussion on MDF made from recycled materials.

5.3.1 Medium density fiberboard manufacture

MDF is primarily manufactured in a dry process, where resins are added to wood to form mats,
but it can also be made in a wet process, where fibers are formed into mats using little adhesive
or resin as the fibers themselves are bonded (Berglund and Rowell, 2005). Manufacturing of

® Fibers and particles differ in size, where fibers are smaller than particles and are essentially wood cells (USDA,
2010). Particles can be chips, shavings, or sawdust, while fibers are mechanically sheared wood chips and are closer
to a pulp than a particle.
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MDF includes a number of steps as described below (Wilson, 2009b; Irle et al., 2012; US EPA,
1995c¢; USDA, 2010):

e Particle preparation: wood residue storage, sorting, and washing or drying. Digesting by
steam with pressure to soften the residues.

e Refining: with or without the use of steam (steaming is most common for MDF); pressure
is used to mechanically shear the wood into individual wood fibers or fiber bundles (a
fiber is a wood cell).

o Adhesive application: discharging the fibers and blending with an adhesive/resin (percent
varies from 8-15 depending on grade of panel), and wax, scavenger, or other additive.
Additives can also be mixed in during the drying phase. This step differs from the process
for particleboard in that the blending is typically conducted prior to drying of the fibers.

e Drying: with air and heat to remove moisture to a target of about 4-9% moisture content.

e Mat formation: forming into a flat mat in one layer.

e Pressing: hot pressing to increase the density and reduce thickness, and for resin curing.

e Conditioning: the panels are loaded into large rotary racks that allow ample airflow so
that the panel cools rapidly; this prevents thermal degradation of urea-formaldehyde
adhesives.

e Finishing: includes trimming, sanding, size cutting, surface treatment, and embossing the
surface to create a texture. Sander dust and panel trim can be recycled back through the
whole process.

5.3.2 Medium density fiberboard raw materials

MDF is made from wood fibers mixed with adhesives and other additives. The wood sources for
MDF are variable and include wood chips, shavings, and sawdust. The potential for natural wood
to contain concentration of the ASTM elements above the solubility limits was addressed under a
previous report prepared for CPSC (CPSC, 2015). To evaluate the potential of the wood to
contain phthalates, we investigated the potential of trees (and other plants) to take up phthalates
and present these findings in Section 7.

To make MDF, common adhesives include urea-formaldehyde, urea-, melamine-, and other
formaldehyde-based hybrid adhesives, such as melamine-formaldehyde-urea-formaldehyde
blends (Berglund and Rowell, 2005; USDA, 2010). The latest formaldehyde emission
regulations have motivated some manufacturers to use structural adhesives like phenol-
formaldehyde or polymeric methylene diphenyl diisocyanate (pMDI). In this regard, pMDI is
more common than phenol-formaldehyde. Resins can be used alone or mixed with water, waxes,
or catalysts to affect the final properties of the adhesive (US EPA, 1995c; Wilson, 2008a). For
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example, waxes are added for waterproofing and to increase board dimensional stability (US
EPA, 1995¢c; USDA, 2010).

Secondary sources and life cycle assessments (or inventories) provided information regarding
types of common adhesives (Berglund and Rowell, 2005; Conner, 1996; Irle et al., 2012; Rivela
et al., 2007; Silva et al., 2013a; Stark et al., 2011; Wilson, 2008a, 2009b). Information on
specific formulations of adhesives used in MDF manufacture was not found in the available
literature; this information is typically proprietary. To supplement the general information, we
searched the Internet for safety data sheets (SDSs). Table 1.2 in Appendix Il provides more
detailed information on raw materials identified in the MDF SDSs. We also obtained information
from the Composite Panel Association (CPA) on members’ use of binders, resins and other
additives, as well as use of recycled sources of wood/fiber and adhesives (Heroux, personal
communication).

Based upon information from these sources, the following are typical resins used in manufacture
of MDF:

¢ Phenol-formaldehyde (uncommon, but potentially used for moisture resistance),

e Urea-formaldehyde (most commonly identified),

e Methylene-diphenyl-diisocyanate (pMDI),

e Melamine-formaldehyde,

e Melamine-urea-formaldehyde.

The latest formaldehyde emission regulations have motivated some manufacturers to use
structural adhesives like phenol-formaldehyde or polymeric methylene diphenyl diisocyanate.
Note that polymeric methylene diphenyl diisocyanate (pMDI) may be identified with a variety of
names: pMDI, MDI, polymeric MDI, polymeric methylenebis(phenylisocyanate), polymeric
isocyanate, isocyanate, and others. These are the same compound (CAS No. 9016-87-9). For
consistency, we use the abbreviation pMDI throughout the rest of this report.

5.3.3 Typical ranges of the wood and non-wood components in MDF

Secondary sources and other reports indicate that a typical MDF panel consists of wood (89%),
urea-formaldehyde resin (10%), wax (0.25-1.5%), and urea scavenger (0.2%) of total dry board
weight (Wilson, 2009b; Berglund and Rowell, 2005). Other reports state concentrations of
adhesives can vary from 8-15% (Irle et al., 2012) or are modeled at 10% (McDevitt and Grigsby,
2014). Waxes were additionally estimated at 0.7% (McDevitt and Grigsby, 2014). Information
obtained from the CPA (Heroux, personal communication) reflects a somewhat broader range of

32



proportions by weight for composite wood panels (but did not distinguish MDF from PB or other
composite panels): wood fiber 80-97%, binder solids 2-18%, emulsified wax solids 0.11-2%,
and scavengers 0.1-15%. We used the available SDSs to identify the commonly used raw
materials in MDF; in some cases, the SDS also provided percentages of material by weight (see
Appendix I1): wood: 73-100%; resins: 0—-25% (most common applications range of 5-12%);
waxes: <1%; and other additives (unspecified) could contribute 10-30% by weight. The potential
for the adhesives, base resins, and other additives used to make MDF to contain any of the
selected elements or phthalates is further discussed in Section 6.

6. Adhesive Formulations and Concentrations of Elements and Phthalates

Wood, or wood derived material, is the largest component in an engineered wood product,
representing approximately 80-99% of the weight of the finished product. The next most
abundant material is the adhesive, comprising up to 25% of the final EWP by weight. Synthetic
adhesives are the most highly used adhesives in EWPs (USDA, 2010), although adhesives can
also be derived from carbohydrates (e.qg., starch, cellulose), proteins from plants (e.g., soybeans),
or animal-based proteins [e.g., casein, bones, hides, or lignocellulose (tannins, lignins)] (Pocius,
2012). In North America, the three most common adhesive types for use in PB, MDF, and
hardwood plywood are amino-, phenolic-, or isocyanate-based (Stokke et al., 2014) (Table 2). In
Europe, urea-formaldehyde (UF) and melamine-urea-formaldehyde (MUF) resins are commonly
used for MDF and PB (Alexandropoulos et al., 2005). Of lesser use in the European market are
melamine-based resins, phenol-formaldehyde, and pMDI (Alexandropoulos et al., 2005). A
number of reports of life cycle assessment (LCAS) or life cycle inventories (LCIs) for the
common adhesives were identified and reviewed (e.g., Wilson, 2009a,b; Silva et al., 2013b,
2015). While these provided useful information regarding common additives, manufacturing
practices, energy consumption, carbon emissions, and in some cases formaldehyde emissions,
they did not address our interest in concentrations of the specified phthalates and ASTM
elements.

For adhesives used in EWPs, the actual formulations can be highly complex mixtures that are
generally proprietary (Berglund and Rowell, 2005). Specific adhesive formulations can be highly
variable among companies and even within a company as adjustments are made for humidity,
temperature or changing moisture content of wood stocks (Frihart, 2005). The base resin confers
the essential properties of the adhesive, which can be modified with the addition of scavengers,
fillers/extenders, and waxes for specific formulations, as previously reported.
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Wood adhesives are generally thermosetting organic polymers that cure under heat and pressure
(Stokke et al., 2014). The process of adhesive bonding typically involves polymerization and
curing (solidification) to form the bond with the surface materials (Frihart, 2005). The methods
to activate polymerization can include the addition of heat, change of pH, the addition of a
catalyst, or other methods (Frihart, 2005). Some resins cure into a polymer and are supplied in
two parts — one part liquid resin that is combined with one part hardener to polymerize during
curing (Stokke et al., 2014; Frihart, 2005). Catalysts can be added to affect the rate of
polymerization. Catalysts can include ammonium chloride or ammonium sulfate to produce
acids, or various metal ions including some of the ASTM elements (as reported in Appendix I11)
(Frihart, 2005). As noted previously, catalysts are technically expected to be chemically
unchanged during the reaction. Specific product formulations with varying percentages of resins
and additives are needed depending on product specifications, and so adhesives must be
formulated ‘just right’ (i.e., cannot be too viscous or too brittle for their intended end uses)
(Brockman et al., 2008).

Adhesives need to ‘set’ or cure into a final polymerized product. Methods for curing include
polymerization, oxidation, and solvent evaporation (Frihart, 2005). For PVA adhesives, curing
involves the loss of solvent; for others, such as formaldehyde-containing adhesives, curing
involves polymerization and loss of water; for the pMDI adhesives, setting involves
polymerization (Frihart, 2005). In all of these mechanisms, there is no potential for the specified
phthalates or ASTM elements to be created. The only way to introduce these compounds is
through the addition into the reaction. Based on our research, we identified the adhesives and
resins most commonly used in producing EWPs (see Table 2). See the below Sections (6.1-6.4)
for each adhesive type and for information on the detection or measurement of the specified
phthalates and ASTM elements.

Table 2. Major synthetic resins for use in EWPs.

Adhesive Name and Base Resins

Amino Resins Urea-formaldehyde (UF)

Melamine-formaldehyde (MF)

Melamine-urea-formaldehyde (MUF)

Phenolic Resins Phenol-formaldehyde (PF)

Resorcinol-formaldehyde (RF)

Phenol-resorcinol-formaldehyde (PRF)

Isocyanate Resins Polymeric isocyanate (pMDI, MDI, or isocyanate)

Other Polyvinyl acetate (PVA)
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We found mention of some additional resins and adhesives that may be in limited use or in
development for future use. Soybean flour-based adhesives are mentioned as alternatives to
address formaldehyde emissions. The polyurethane adhesives encompass a wide range of
product applications such as coatings (Stokke et al., 2014), but they are less commonly used in
wood bonding and so were not included in this report (Frihart, 2005). We also identified a
number of patents for novel adhesive formulations. We did not find evidence that any of these
patented processes or formulations are in common use and so did not do additional searching for
information on raw materials or phthalate or element concentrations in those adhesives.

In the following sections we present information on the adhesives, how they are made, the
chemicals used to prepare each adhesive (including base resins), and information from our
literature search on concentrations of the specified phthalates and the ASTM elements. Because
there is so much variation among formulations, we also searched for concentration information
for the base resins and waxes. Details of the literature search are found in Appendix I.

6.1 Amino Resins
Amino resins are termed after the amine group (-NH,), which is a prominent feature in urea and
melamine. Amino resins are thermosetting adhesives, typically water-based, that are prepared
from urea and formaldehyde (UF), melamine and formaldehyde (MF), or from melamine, urea,
and formaldehyde (MUF). It is worth clarifying here that these individual compounds are
referring to the actual monomers (base resins) used to make the adhesives (see Section 3.1 where
these terms are defined). MDF and PB are most commonly manufactured with UF, but MUF
resins may also be used. The amino resins form highly cross-linked networks, but are not
classified as structural resins in North America. While all amino resins are hydrolytically
unstable, MF resins are much more water resistant than UF resins. All amino resins exhibit
colorless bond lines, which are visually undetectable and aesthetically preferred for many
interior applications.

Below is a list of all of the potential chemicals (base resins, catalysts, etc.) used in preparation of
these amino adhesives (Silva et al., 2013b, 2015; Wilson et al., 2009b; Conner, 1996; Stokke et
al., 2014; Irle et al., 2012). Information on manufacture and potential impurities (i.e., phthalates
and elements) for each of these is found in Appendix IlI.

e Urea

e Formaldehyde (formalin, formic acid, paraformaldehyde)
e Melamine

e Boric acid
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e Phosphoric acid

e Oxalic acid

e Acid salts of hexamethylenetetramine
e Polyamine hydrochloride salts
e Hydrochloric acid

e Hexamine

e Ammonium chloride

e Ammonium sulfate

e Ammonium nitrate

e Sodium hydroxide

e Methanol

e Water

e Paraffin wax

6.1.1 Urea-formaldehyde (UF)

Urea-formaldehyde resin is the highest production volume adhesive used in the wood industry,
chiefly because it is very inexpensive and it cures very rapidly (Frazier, personal
communication). This non-structural resin is most commonly employed for PB and MDF
manufacture, but has some application in hardwood plywood. UF resin is supplied at neutral pH
(~ 7.0) but curing requires acidification using acid catalysts. The most common catalysts used in
the United States are ammonium chloride and ammonium sulfate (Stokke et al., 2014). In
Europe, catalysts also include ammonium chloride and ammonium sulfate, with a shift towards
the sulfate for environmental reasons (Alexandropoulos et al., 2005).

We did not identify any studies that reported phthalates or elements in UF resins. Several patents
reported the use of barium as a catalyst in the formation of some UF resins. In one, they describe
the use of barium hydroxide (5% by weight) as a catalyst during synthesis of phenolic foam resin
(Geng et al., 2014). No information was provided on the potential concentrations of barium that
might remain in the resin following catalysis. In theory, catalysts remain chemically unchanged
during the reaction but are not removed from the reaction and therefore remain in the adhesive.
Catalysts are not incorporated into the polymeric network created by the resin; but the catalyst
may remain entrained within the cured adhesive. The relevance of foam resins to the specified
EWPs is also unclear.
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6.1.2 Melamine-formaldehyde (MF) and melamine-urea-formaldehyde (MUF)
Melamine-formaldehyde resin is substantially more expensive and significantly more water
resistant than UF. Unlike UF, MF resins can tolerate limited use in high moisture or high
humidity environments (e.g., outdoors) (Stokke et al., 2014). This resin is made with melamine
reacted with formaldehyde. As with UF resins, curing (polymerization) may be promoted using
an acid catalyst such as ammonium chloride or ammonium sulfate (Stokke et al., 2014; Frihart,
2005).

Melamine-urea-formaldehyde resins may be simple blends of UF and MF, or they may be
copolymers where melamine, urea, and formaldehyde are reacted all at once or in careful
sequence. In either case, the intention is to improve properties relative to UF and to reduce costs
relative to MF (Stokke et al., 2014).

We did not locate any studies that examined phthalate or element concentrations in MF or MUF.
Our original search was for melamine as an amino-adhesive, but we did not search for the term
“melamine” alone. We conducted an additional literature search for melamine to ensure no
primary references were missed in our initial search (see Appendix I). No additional studies were
identified, but we did not do an additional search for patents for this term.

6.2 Phenolic Resins
Phenolic resins are heavily used in EWP bonding, as they are waterproof. Due to the dark color
of these resins, they are less likely to be used in EWPs with decorative purposes (Stokke et al.,
2014). The two types of phenolic resins are resoles and novolacs, with resoles being more
important for use in EWPs, and much less use of novolacs for wood adhesive purposes (Stokke
et al., 2014). The most common phenolic resoles are phenol-formaldehyde (PF), resorcinol-
formaldehyde (RF), and phenol-resorcinol-formaldehyde (PRF), all produced from the
corresponding monomers. PF resoles are the most common and least expensive of the phenolic
resoles. They cure by the simple application of heat. Because resorcinol is much more reactive
than phenol, RF and PRF resoles cure at room temperature (cold-setting). Consequently, RF and
PRF resins are two-part systems where a hardener (formaldehyde) is mixed with the base resin
and curing rapidly follows. Because resorcinol is very expensive, it is common practice to
substitute phenol for a portion of the resorcinol, providing PRF resins that cure at room
temperature but at greatly reduced cost in comparison to RF. Aldehydes for polymerization of
novolacs include formaldehyde (most common), paraformaldehyde (polymeric formaldehyde),
butyraldehyde, glyoxal, and multihydroxymethylketones (Fink, 2013). Metal hydroxide catalysts
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can also be used and include potassium, sodium, lithium, barium, calcium, and magnesium
(Fink, 2013). Each of the phenolic resoles mentioned here are described in greater detail below.

A survey of 13 United States phenol-formaldehyde production plants (representing 62% of PF
production in the United States) reported that PF production included phenol and methanol, with
a lesser amount of sodium hydroxide and water (Puettmann et al., 2013).

Below is a list of all of the potential chemicals used in preparation of these phenolic adhesives
(Puettmann et al., 2013; Haupt and Sellers, 1994; Fink, 2013; Wilson et al., 2009a,b; Pocius,
2012; Stokke et al., 2014; Wang and Zhang, 2011). Information on manufacture and potential
impurities (i.e., phthalates and elements) for each of these is found in Appendix III.

e Phenol

e Formaldehyde (paraformaldehyde, formalin)

e Resorcinol

e Methanol

e Butyraldehyde
e Glyoxal

e Multihydroxymethylketones

e Magnesium oxide

e Lithium hydroxide

e Barium hydroxide, barium carbonate
e Magnesium stearate

e Sodium hydroxide

e Hydrogen chloride

e Hydrochloric acid

e Chromium

e Oxalic acid

e Hexamethylene tetramine (uncommon in resoles)
e Ortho esters (uncommon)

6.2.1 Phenol-formaldehyde (PF)

Like all phenolic resoles, PF is a waterproof resin used for structural wood products, including
structural plywood, laminated veneer lumber, and OSB (USDA, 2010; Stokke et al., 2014). The
dark color of this resin deters its use when visual detection of the bond line would detract from
product appearance (such as interior panels and un-upholstered furniture (USDA, 2010; Stokke
etal., 2014).
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We located studies and patents addressing the use of barium or chromium in some phenol-
formaldehyde (PF) resins. A number of patents and studies address barium hydroxide as a
catalyst for synthesis of PF resins (Geng et al., 2014; Shrivastava et al., 2012; Wang and Zhang,
2011; Zhang et al., 2009a) and resoles (Bouajila et al., 2002). Only Shrivastava et al. (2012)
described concentrations used: 1.68-10.13% barium hydroxide by weight. Another study
indicated that barium carbonate has been added to PF resin at a rate of 30g barium carbonate to
100g PF resin to improve heat resistance (Zhang et al., 2009b). Popov et al. (1973) reported that
chromium has historically been used as a catalyst in PF resin foams, but concentration
information was not provided. We did not find information in our literature or SDS searching to
indicate that these catalysts are commonly used.

6.2.2 Resorcinol-based (RF, PRF)

Like all phenolic resins, RF and PRF are waterproof, and have a reddish-brown or black
coloration (Stokke et al., 2014). Unlike PF, resorcinol resins are cold-setting (room temperature
cure); they are two-part systems that begin curing once the hardener (more formaldehyde) is
added. They are typically used for complex assemblies that are not amenable to flat-panel
pressing, or for difficult-to-bond products, such as preservative treated woods (Stokke et al.,
2014). Resorcinol is much more expensive than phenol, and so expense is reduced by
copolymerizing resorcinol, phenol, and formaldehyde (i.e., PRF) in carefully tailored sequences
that provide resorcinol end groups that impart rapid reactivity as in RF.

We did not locate any studies on the specified phthalates or ASTM elements in resorcinol-based
resins, including phenol-resorcinol-formaldehyde (PRF) resin or resorcinol-formaldehyde (RF)
resin.

6.3 Other Resins
6.3.1 Polymeric methylene diphenyl diisocyanate resins (pMDI)
Polymeric methylene diphenyl diisocyanate resins (pMDI) are used principally in the
manufacture of rigid insulation foams, which ultimately led to their use as structural resins in
wood-based composites (Frazier, 2003). As suggested previously, pMDI suffers from a
proliferation of names and identifying acronyms that are often technically incorrect, but firmly
entrenched in the industry. One reason for this problem is that pMDI resins do not follow the
typical naming convention. For instance, the base resin phenol-formaldehyde is named according
to the monomers used to synthesize that resin, phenol and formaldehyde. That is not the case
with pMDI where instead names and acronyms attempt to describe the resin structure; and like
most resins, the structure is too complex to name simply and correctly. Identified as CAS no.
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9016-87-9, this resin called polymeric methylene diphenyl diisocyanate resin, polymethylene
polyphenyl isocyanate resin, and also polymeric methylenebis(phenylisocyanate) resin. Other
popular names include polymeric isocyanate, or simply, isocyanate. Correct acronyms are pMDI
or PMDI; but technically incorrect and popularly misused is the acronym MDI. To make matters
worse, pMDI contains a mixture of monomers and oligomers and the monomeric portion is
correctly described by the acronym MDI, which stands for methylene diphenyl diisocyanate. The
monomeric portion of pMDI contains three isomers, trace quantities of 2,2’-MDI, up to 5% of
2.4’-MDI, and ~95% 4,4’-MDI (Frazier, 2003). Twitchett (1974) reported that pMDI is
synthesized from formaldehyde and aniline under aqueous acidic conditions and the resulting
polyamine is converted to the final isocyanate by reaction with phosgene. Aspects of pMDI
quality include acidic and chlorine containing impurities as related to the efficiency of the
phosgenation (Twitchett, 1974), but these impurities are unrelated to the phthalates and chemical
elements of concern in this report (Frazier, personal communication).

The pMDI resins are unusual because they are among the few wood bonding resins that are water
insoluble. When formaldehyde-free resins are desired, pMDI is sometimes used to make PB and
MDF (pMDlI is synthesized from formaldehyde; but the final resin is free of formaldehyde).
Consequently, PB and MDF manufactured with pMDI could have surface contamination with
release agents (which are simple fatty acid salts, waxes, or silicones) (Frazier, 2003).
Occasionally, but very uncommon in wood composite manufacture, pMDI resins can be
formulated with amine catalysts such as 4,4’-(oxydi-2,1-ethanediyl)bismorpholine (DMDEE).

Below is a list of all of the potential chemicals used in preparation of pMDI (Stokke et al., 2014;
Frazier, 2003):

e Phosgene

e Hydrochloric acid

e Formaldehyde

e Aniline

e Antimony trioxide

e 4.4’- methylene diisocyanates

e 2.4’- methylene diisocyanates

e 2,2’ - methylene diisocyanates

o 4.4’- (oxydi-2,1-ethanediyl)bismorpholine

e Methylene diphenyl di(phenylcarbamate)
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We identified one study regarding the use of antimony as a catalyst in the formation of pMDI.
pMDI was prepared using thermal decomposition of methylene diphenyl di(phenylcarbamate)
(MDPC) with an antimony trioxide (Sb,0s3) catalyst, but no concentrations were given (Wang et
al., 2013). It is not clear how common this methodology is in current manufacturing procedures.

6.3.2 Polyvinyl acetate (PVA)

Polyvinyl acetate (PVA) is commonly used as ‘household glues’ and currently has little
application in EWPs (Stokke et al., 2014). However, interest in these resins to replace
formaldehyde-releasing resins has led to increased interest for EWP applications (Stokke et al.,
2014). None of the SDSs for the three types of EWPs identified use of PVA, however a number
of secondary sources note use of PVA in hardwood plywood. Polyvinyl acetate is manufactured
through emulsion polymerization of vinyl acetate in water using poly(vinyl alcohol) emulsifiers
(Frihart, 2005). However, the most common PVA resins used for wood bonding are so-called
“crosslinking PVAs,” which are copolymers of vinyl acetate and N-methylolacrylamide (NMA).
When PVA resins are used to make hardwood plywood, crosslinking PVAs are the probable
version and these are acid catalyzed, typically with aluminum chloride. The aluminum chloride
catalyst may be internal to the resin, or it may be added just prior to adhesive application.

Below is a list of all of the potential chemicals used in preparation of PVA (Frihart, 2005; Stokke
et al., 2014; Cameron et al., 1987; Feng et al., 2002):

e Vinyl acetate

e Poly(vinyl alcohol)

e N-methylolacrylamide

e Aluminum chloride

e Aluminum nitrate

o Glyoxal

e Formaldehyde

e Potential phthalates: dibutyl phthalate (DBP), diethyl phthalate, dimethyl phthalate, di(2-

ethylhexyl)phthalate (DEHP)

Cameron et al. (1987) noted that PVVA can be plasticized with dibutyl, diethyl, and dimethyl
phthalate and Stokke et al. (2014) reported the use of DBP. Feng et al. (2002) reported that
DEHP is used in the manufacturing of PVA. USDA (2010) suggested that phthalates (such as
DBP) are used in PVA manufacture to plasticize the adhesive polymers. Our literature search
revealed no information on concentrations of phthalates in PVA and there was no indication in
the literature that this is a standard manufacturing procedure. The literature search did not
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identify any reports of the ASTM elements in PVA resins used for manufacturing engineered
wood products. Matoso and Cadore (2008, 2011) tested commercially available PVA-based
glues (glue brands or names not specified), for some of the ASTM elements.

Matoso and Cadore (2008, 2011)

Matoso and Cadore (2008) tested three different PVA-based glues. Samples were prepared with
a closed vessel microwave digestion procedure and analyzed for arsenic, cadmium, chromium,
mercury, lead, and antimony (along with other elements not covered by this report) using an
inductively coupled plasma optical emission spectrometer (ICP-OES). The level of each analyte
was lower than its limit of quantification (LOQ), except for iron (concentration not reported).
Matoso and Cadore (2011) tested seven different commercially available PVA-based glues.
Samples were prepared with a closed vessel microwave digestion procedure and analyzed for
arsenic, barium, cadmium, chromium, mercury, and lead contamination (along with other
elements not specified by CPSC) using ICP-OES. Chromium was detected at 0.3 mg/kg (0.3
ppm) in one of the glue types. All other measurements for arsenic, chromium, barium, cadmium,
mercury, and lead were below their LOQ. There are many types of commercially available PVA
glues and it is not known whether the glues tested in these studies are similar to those used in
EWP production.

6.4 Additives and Raw Materials Used in Adhesives
Depending upon the type of resin and product, scavengers, fillers/extenders, and/or waxes may
be used in the adhesive formulation. The manufacturing of the additives was reviewed to assess
if there was potential for any of the specified substances to be raw materials or somehow to be
created in the manufacturing process. General information on manufacture and potential
impurities for each of these products is described in Appendix 111, as the information was
available from authoritative sources, starting with the Hazardous Substances Data Bank (HSDB)
and supplemented from the World Health Organization (WHO) or the Food and Agriculture
Organization (FAO). In the case where there was no information available in the HSDB search,
and additional investigation through WHO or FAO was unfruitful, we noted as such but did not
do additional targeted gap searching due to resource limitations. SDS searching in this case was
not helpful as the specifications (impurities) are not available for technical grade products. This
is likely because they are not set to certain purity standards as would be done for analytical
grades. In addition, the nature of the proprietary adhesive formulations made it difficult to
determine the exact additives currently in use in standard manufacturing.
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6.4.1 Scavengers
Scavengers, as discussed previously, are agents added to EWPs to reduce the formaldehyde
emission when formaldehyde-based adhesives are used. They do this by binding to the resin and
thereby reducing formaldehyde release (HBN, 2008). Common scavengers include sodium
sulfite melamine, hexamine, anhydrous ammonia or ammonium compounds, and dicyandiamide,
as well as some naturally occurring compounds such as tannins (Fink, 2013; HBN, 2008; US
EPA, 2002; Que et al., 2007). Some sources (Wilson, 2008a,b) list urea as a scavenger, but it is
unclear how the addition of urea as a scavenger differs from urea used as a monomer in the base
resin. Information on manufacture and potential impurities (i.e., phthalates and ASTM elements)
for each of these common scavengers is found in Appendix I11.

e Urea (considered a scavenger by some)

e Sodium sulfite melamine

e Hexamine

e Anhydrous ammonia or ammonium compounds

e Dicyandiamide

e Tannins

6.4.2 Waxes

Wax is one of the most common additives to EWPs. Waxes are added to control water
absorption and thickness swell and to add dimensional stability to MDF and PB (USDA, 2010).
The waxes are a mixture of petroleum hydrocarbons (paraffins) and are used to lower the
absorption of liquid water into the wood composites (US EPA, 2002). Paraffin wax, petroleum
slack wax, and emulsified slack wax are commonly used and are essentially the same, other than
that paraffin wax is a more refined slack wax (CONCAWE, 1999). Waxes are obtained as a by-
product of refining lubricating oil (CONCAWE, 1999). Slack wax is the first by-product
removed by filtering the distillate fractions of lubricating oil in a selected solvent (i.e., toluene or
methyl ethyl ketone) (CONCAWE, 1999). Slack wax is a waxy oil consisting mostly of
paraffinic hydrocarbons (C12—-C85) and very few alkylated aromatic hydrocarbons
(CONCAWE, 1999). Slack wax is further refined by solvent crystallization, clay treating, and
odor removal to create petroleum or paraffin wax (CONCAWE, 1999). Paraffin wax has a
crystalline structure and consists of normal alkanes with very few alkylated aromatic
hydrocarbons (CONCAWE, 1999).

Because these waxes were known to be common across the specified EWPs and we were able to
find specific information on the types used, a full literature search was conducted to identify
information related to the concentration of the ASTM elements of specified phthalates in waxes
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(see Appendix ). The literature search revealed no information regarding possible concentrations
of phthalates in waxes, nor did we find any information on ASTM element concentrations in
waxes used in the manufacturing engineered wood products. Note that we did not search for
patents for waxes or wax additives.

6.4.3 Fillers/Extenders
As described previously, fillers (and extenders) are added to reduce cost and modify the flow
properties of a base resin. Fillers in the wood composites industry are lignocellulosic, and
typically derived from biomass waste streams such as almond shell, walnut shell, red alder bark,
and corn cob residue from furfural production. Wheat flour is occasionally mentioned as a filler,
but it is more accurately described as an extender, because unlike fillers, wheat flour possesses
some intrinsic adhesive quality; it is sticky when wet. However, most of the fillers identified are
cellulosic in nature, such as walnut shell flour, wheat flour (Frihart, 2005), and organic fiber
material (Fink, 2013). These fillers and extenders are mostly all cellulosic and those were not
discussed further in this report. The non-cellulosic fillers covered in Appendix 111 include:

e Maleic anhydride-modified poly(propylene)

e Furan oligomers

e Barium carbonate

In the resins and additives, many of the ASTM elements (chromium, arsenic, antimony, barium,
mercury, selenium) and lead were identified in processes used in the manufacture (mainly as
catalysts) or as potential impurities in the final products (see Appendix I11). Cadmium was not
identified as a constituent of the adhesive manufacturing processes or as a potential impurity. No
information on concentrations exceeding the ASTM elements (or lead) were found, but very few
sources reported information on concentrations at all. Because these elements are mainly used as
catalysts, they are expected to be chemically unchanged during the reaction. However, during
manufacture the catalysts are not removed from the reaction and therefore remain in the
adhesive. Catalysts are not incorporated into the polymeric network created by the resin; but the
catalyst may remain entrained within the cured resin. In contrast, the specified phthalates, other
than dibutyl phthalate (DBP), diethyl phthalate, dimethyl phthalate, and di(2-
ethylhexyl)phthalate (DEHP) as mentioned in Section 6.3.2, were not identified in processes
used in adhesive manufacture, manufacturing processes, or as potential impurities in the final
products.
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7. Potential for Uptake of Phthalates into Cellulosics

Particleboard (PB) is composed of particles made from virgin timber and/or wood residues (or
other cellulosics). Wood residues include wood or planar shavings, sawdust, plywood trim, fines,
and chips, and may include recycled wood (such as mill residues or waste materials) (USDA,
2010). Hardwood plywood is made up of relatively thin layers of veneer (plies), typically made
of hardwoods, such as oak, birch, maple, and cherry (Schramm, 2003; US EPA, 1995c). Wood
fiber used for manufacturing MDF can be sourced from low value logs, industrial wood residues
(e.g., chips, sanderwood, sawdust, shavings, plywood trim), lumber mill residues, or scraps and
trim from furniture and EWP production (Wilson, 2008a, 2009b; US EPA, 1995c). While
lignocellulosic fibers from wood residues are most often used for MDF, other lignocellulosic
fibers used for MDF include agro-fibers and recycled wood (US EPA, 2004).

This report focused on the use of virgin wood and wood residues as a source of cellulosic fiber,
as this is the primary source of wood and fiber for EWPs in North America, and we did not
investigate other potential cellulosic sources such as agro-fibers. However, data investigating the
potential for phthalate uptake in trees was scarce, and so data investigating the potential for
phthalate uptake in other plants was reported. It is possible that a number of these non-wood
plants could be used in EWP production as agro-fibers, or that uptake into non-tree plants
provides evidence for a potential mechanism for uptake into trees. Additionally, the use of
recycled wood in EWPs is discussed in detail in Section 8.

7.1 Mechanisms for ASTM Element Uptake in Plants
In a previous task with CPSC, TERA reported on concentrations of the seven ASTM elements in
natural wood and addressed plant uptake of elements. This section builds upon that work in that
we are investigating the potential for phthalate uptake into wood.

The ASTM elements are ubiquitous in the environment, and plants have the ability to uptake
them from environmental media and in some cases to sequester and accumulate them. Typical
elemental uptake occurs from the water and soil, with less uptake occurring in the foliage from
atmospheric deposition (Suter, 2007). Uptake into plants begins with the transfer of the particle
into the root tissues (and occasionally the leaf tissues). Once inside the roots, elements can be
sequestered and stored there, or can be transferred (translocated) from the roots into aerial plant
tissues, such as stems, trunks, shoots, branches, leaves, and flowers. Accumulation mechanisms
are generally plant species and element specific.
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In order for uptake to occur, the element must also be bioavailable. Bioavailability of elements in
soils is dependent upon a number of factors, such as clay content, organic matter content, pH,
cation-exchange capacity, soil and element particle size, salinity, partition coefficients, element
solubility and speciation, particle affinity to be bound to soil particles, and others (Suter, 2007;
Shaw, 1989; Terry et al., 2000). Overall, environment-specific characteristics play a large part in
the bioavailability of the ASTM elements.

Plant uptake is highly variable, and uptake factors (the ratio of concentration of element in plant
to the concentration of the element in soil) have been shown to vary significantly (Suter, 2007).
Traits of the plant itself can impact its ability to take up and accumulate elements — factors such
as plant age, taxonomy, growth stage, root depth, plant genotype and tolerance, and nutrition
status (Suter, 2007; Shaw, 1989).

In total, many factors can influence element bioavailability from environmental media, and the
ability for plant uptake, the potential for translocation inside the plant, and the ability of a plant
to sequester the element. It is likely that many of these mechanisms are applicable to the
accumulation of phthalates in other plants and trees as well.

7.2 ATSM Element Concentrations in Trees and Plants
The potential for natural wood to contain concentrations of the ASTM elements (all but lead,
which was addressed by CPSC previously) above the solubility limits was addressed under a
previous report prepared for CPSC (CPSC, 2015). That report found measurements of the ASTM
elements in wood, trees, and other plants.

e Wood - Very few studies were found that measured concentrations of the ASTM
elements in wood, tree trunks, or tree rings. None of the measurements were above the
solubility limits.

e Trees— Many studies identified and measured the ASTM elements in tree parts other
than the trunk. All seven elements were detected in one or more other parts of trees (e.g.,
roots, shoots, leaves). Evidence was found of concentrations exceeding the solubility
limits for all the elements (except barium) in some tree part(s) other than the trunks.

The results of our previous research indicate that there is potential for one or more of the seven

ASTM elements to be taken up and be present in plants. A critical question is whether it is
plausible that an element could accumulate to levels above the solubility limit.
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7.3 Phthalate Concentrations in Plants
The potential for natural wood and trees to contain concentrations of the specified phthalates was
investigated. We first sought information on concentrations of the specified phthalates in trees.
This search was supplemented with additional searching for information on the potential for
uptake of phthalates into plants. We started with a search of PubMed, which identified some data
on the potential for phthalate uptake and concentrations in plants but no data on phthalate uptake
and concentration specifically in trees. Additional gap searching was conducted using Web of
Science and Scopus databases to look for studies on uptake and concentration of phthalates in
trees; only one study in trees was uncovered (Wang and Fan, 2014). Details of the literature
search strategy and hits are found in Appendix I.

Our search strategy was not intended to identify all available data on phthalate uptake in plants,
rather it was meant to see if there is any evidence that phthalates can be taken up by plants and if
so, capture the concentrations of phthalates reported. Below we briefly report uptake,
concentrations, and translocation factors from those studies we found that reported
concentrations of phthalates in trees or plants. Searching of additional databases (e.g., CAB
abstracts) may uncover more studies, but we think that what we have located provides general
support that phthalates are bioavailable for uptake into plants (and therefore potentially in trees),
but that the level of uptake of phthalates is not likely to be above the specified content limit
(1000 ppm).

7.3.1 Phthalate uptake in trees

Wang and Fan (2014) measured phthalate levels in the air, soil, and pine needles of Masson
pines growing in Nanjing, China and demonstrate that pine needles readily absorb airborne
phthalates through their waxy surfaces. Mean concentrations (dry weight) were reported for DBP
(0.0903 £ 0.0059 mg/kg), BBP (0.0574 £ 0.0213 mg/kg), and DEHP (0.0193 + 0.0015 mg/kg).
Note that this study provides evidence of phthalate being taken up by trees, but pine needles
would not be used as a cellulosic in making the specified EWPs.

7.3.2 Phthalate uptake in plants

With limited data on concentrations of phthalates in trees, we sought information on the potential
for plants in general to accumulate phthalates. Sixty-one potentially relevant studies were
identified from the PubMed database related to phthalate uptake and concentration in plants.
Tree searching identified five additional studies. Twenty-three studies were reviewed in detail.
Fourteen studies reported measurements of one or more of the specified phthalates as reported
below. Most of the studies centered on phthalate uptake into vegetables and crops and the
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potential for human exposure from consuming these as food. A few studies investigated the use
of plants for phytoremediation of phthalate contamination in the environment. The majority of

the studies focused on concentrations of DEHP only.

In a review paper, Staples et al. (1997) investigated the environmental fate of phthalate esters.
This paper included a literature review and discussion of terrestrial accumulation, including
bioaccumulation in plants. Table 3 reports concentrations and bioaccumulation factors reported
in Staples et al. (1997). In general, the authors report that the data suggest that phthalates are

taken up into plant species at negligible concentrations.

Table 3. Data reported in Staples et al. (1997) on the concentration and bioaccumulation
factors of specific phthalates in plants.

Phthalate Plant Plant to soil Concentration in plant | Reference (all as
bioaccumulation cited in Staples
factors et al., 1997)
DBP Corn <0.002 - Sheaetal., 1982
DBP, DEHP | Barley - 0.116 mg/kg DBP; Kirchmann and
0.530 mg/kg DEHP Tengsved, 1991
DBP, Corn, soybean, | From <0.001-1; - Overcash et al.,
DnOP, wheat, fescue (mostly <0.1) 1986
DEHP
DEHP Lettuce, carrot, |- Not detected Aranda et al.,
chili peppers, 1989
tall fescue
DEHP Barley, potatoes | - Not detected Schmitzer et al.,

1988

DBP-dibutyl phthalate, DEHP-di-(2-ethylhexl) phthalate, DnOP-di-n-octyl phthalate

We located a number of additional studies that were not cited in Staples et al. (1997). These
studies involved a variety of experimental growing conditions and phthalate contamination or
exposure levels. For the purposes of this section, we focused on the measured concentrations and
translocation factors. Reported measurement of phthalates in the plants used in these studies
were all far below 1000 ppm.
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Cai et al. (2015)

Cai et al. (2015) investigated DEHP uptake from contaminated soils into various rice cultivars at
four different growth stages. None of the reported concentrations of DEHP in various parts of the
plants were greater 1000 ppm. Concentrations in roots from normal or hybrid rice plants ranged
from 0.26-11.8 mg/kg (dry weight). Concentrations in shoots from normal or hybrid rice plants
ranged from 0.40-7.58 mg/kg. During the ripening phase of growth, concentrations of DEHP
ranged from 0.12-13.2 mg/kg, with the highest concentrations and variations observed in the
stem tissue. The highest reported translocation factors (ratios of DEHP concentration in stems to
roots, leaves to stems, or grains to shoots) for normal and hybrid cultivars were 14.55+1.40 from
root to stem, 4.67+0.42 from stem to leaf, and 3.73+4.80 from shoot to grain.

Li et al. (2014)

Li et al. (2014) investigated the potential for phytoremediation of phthalate contamination in the
environment using pot greenhouse experiments (in eight corn cultivars, alfalfa, ryegrass, and
teosinte) with DEHP spiked soil. Concentrations in plant shoots ranged from 0.87-2.46 mg/kg
and roots from 0.53-1.86 mg/kg. Translocation factors varied from 0.63-2.31. These authors
also calculated maximum shoot concentration factors of 0.094+0.010 (ratio of shoot
concentration to soil) and maximum root concentration factors of 0.074+0.004 (ratio of root
concentration to soil). The authors reported that these were low values and that uptake and
translocation of DEHP from the soil was limited, potentially due to the hydrophobicity of DEHP
and the tendency to sorb to soil in the environment.

Fu and Du (2011)

Fu and Du (2011) conducted field studies on the potential for DEHP uptake in potherb mustard,
bok choy, celery, spinach, cabbage, leaf of tube, lettuce, garlic, and edible amaranth from use of
plastic mulch film used in greenhouses. Concentrations in the edible parts of these plants (from
all tested material films, experimental variation of greenhouse height, and use of different aged
films) ranged from non-detect to the highest measurement of 36.16+3.13 mg/kg, well below
1000 ppm.

Sun et al. (2015)

Sun et al. (2015) grew lettuce, strawberry, and carrot plants in sand spiked with DEHP for 28-
days. The mean concentrations of DEHP ranged from 0.654-1.371 mg/kg (dry weight) in the
leaves and roots of all three types of plants.
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Several other studies measured DEHP in plants grown in various conditions and either reported
no detection of DEHP or concentrations far below the 1000 ppm limit (Gron et al., 2001, as cited
in Laturnus et al., 2007; Petersen et al., 2003, as cited in Laturnus et al., 2007; Yin et al., 2003).
Other authors report that uptake of DEHP by plants is low when grown in contaminated soil
(Kato et al., 1980; Schmitzer et al., 1988; Aranda et al., 1989, as cited in Yin et al., 2003; Sun et
al., 2015; Yin et al., 2003).

Cai et al. (2008)

The accumulation of DBP from soil to plant was investigated using five different genotypic
(Taiwan filiform-leaf, white-skin filiform-leaf, ensiform green 1., Hong Kong white-skin, local
white-skin) cultivars of water spinach (Cai et al., 2008). Water spinach has been shown to
accumulate significantly higher amounts of metals (e.g., cadmium, copper, and lead) and varying
levels of phthalates when used for phytoremediation (Kashem and Singh, 2002; Gothberg et al.,
2004; Cai et al., 2003a,b, 2006, as cited in Cai et al., 2008). The maximum accumulated DBP
was reported in the ensiform green | cultivar at 16.6 mg/kg. The concentration of accumulated
DBP was proportional to the DBP soil concentration with greater concentrations in the shoots for
the higher soil concentration groups.

Ma et al. (2013)

Ma et al. (2013) studied the phytoremediation ability of perennial rye grass, tall fescue, and
alfalfa alone and in combination for phthalates (including BBP, DEHP, DnOP) using four
replicate plots adjacent to a popular e-waste recycling site in China. The shoots of plants were
harvested and sampled after two years of growth. Concentrations (dried weight) ranged from
approximately 0.9-1.8 mg/kg for BBP, 2.2-4.4 mg/kg for DEHP, and 2.4-4.8 mg/kg for DnOP.

Mo et al. (2009)

Vegetables were sampled for phthalates in the Pearl River Delta region of China (Mo et al.,
2009). Eighteen different vegetable varieties were collected from nine different farms.
Concentrations (dried weight) ranged from not detected to 9.7 mg/kg for BBP, not detected to
9.3 mg/kg for DEHP, and not detected to 0.47 mg/kg for DnOP.

Wang et al. (2015)

Vegetables and soil from 44 plastic greenhouses in Nanjing City, China were sampled for DEHP,
BBP, and DnOP concentrations (Wang et al., 2015). The vegetable species sampled were
capsicum, cucumber, Chinese cabbage, radish, green cabbage, lettuce, crown daisy
chrysanthemum, celery, spinach, and potherb mustard; each was grown in soil with a plastic
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mulch film covering the soil surface. Concentrations (dried weight) for vegetables ranged from
the level of detection (LOD) to 0.09 mg/kg with a mean of 0.02+0.02 mg/kg for BBP, 0.12-5.82
mg/kg with a mean of 1.37+1.28 mg/kg for DEHP, and LOD-1.37 mg/kg with a mean of
0.31+0.35 mg/kg for DnOP.

Our limited searching identified only one study measuring phthalates in trees, but many more
that investigated phthalate uptake by various plants and reported concentrations below 1000
ppm. In the studies we reviewed, the highest reported concentration in any plant was roughly 36
mg/kg.

8. Potential Use of Recycled Materials in EWPs

Production of wood-based panels is increasing and the demand for these products is projected to
grow at an average annual rate of 2.7% (UNECE/FAO, 2005, as cited by Saravia-Cortez et al.,
2013). There is growing interest and research in using recycled and recovered woods and fibers
for engineered wood products to divert wood waste from landfills and reduce natural wood
resource consumption (IFC, 2007, as cited in Saravia-Cortez et al., 2013). Research is being
conducted to develop products that not only use recycled materials but also can be recycled
(USDA, 2010).

8.1 Use of Wood Waste in EWP Production
As discussed above, the primary source of wood and wood fiber for manufacture of
particleboard, medium density fiberboard, and hardwood plywood is virgin timber, as well as
chips, sanderwood, sawdust, shavings, plywood trim, lumber mill residues, MDF fiber and
veneer chips, and scraps and trim from furniture and EWP production (US EPA, 1995c; Heroux,
personal communication). Manufacturers of EWPs routinely use pre-consumer and post-
industrial recovered wood, including cuttings, scraps, and rejected boards in creation of new
product (Varga et al., 2004; Howe et al., 2013). Howe et al. (2013) reports that pre-consumer
wood waste has been virtually eliminated in Canada and the United States. The recycling of
wood is challenged by issues that are specific to the different kinds of woods to be recycled.
Virgin wood, sawn lumber, and post-construction lumber residue can be easily recycled by
mechanical means and are excellent feedstocks for engineered woods (USDA, 2002). These pre-
consumer and post-industrial recycled inputs are the “raw” materials described in the
manufacturing process (see Section 5) and do not introduce any new potential for contamination
with the specified elements or phthalates.
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Use of materials with recycled content is encouraged and rewarded by many green building and
other sustainable and eco-friendly certification programs. Wood products such as medium and
high density fiberboard and standard particleboard can readily satisfy requirements through the
common use of trim and in-house residues (Howe et al., 2013). The use of recycled materials in
production is a trend around the world. For example, the company producing over 90% of
Chile’s particleboard is producing boards only from industrial by-products to comply with ISO
14001 (Garay, 2012). Nicewicz et al. (2012) reports that approximately 40% of the raw material
for fiberboard production in Poland is from wood wastes, including in-house waste, that from
sawmills, and from the plywood industry.

A search of the Internet readily identified the availability and promotion of “green” particleboard
and medium density fiberboard products made from recycled, recovered, or post-consumer fiber
content (e.g., CPA, 2012; Roseburg, 2016; Arauco, 2016; SierraPine, 2016; Collins Pine, 2016)
in North America. Manufacturers seek and advertise their green and sustainability certifications
to demonstrate that their products meet green standards and goals. Product manufacturers
advertise the recycled content of their products; for example, in furniture made with
particleboard (Maxon, 2016; NuCraft, 2016). In North America, the Composite Panel
Association (CPA) certifies wood or agro-fiber based particleboard, medium density fiberboard,
hardboard, engineered wood siding, and engineered wood trim under the Eco-Certified™
Composite (ECC) Sustainability Standard (CPA, 2016). One of the requirements is the use of at
least a minimum amount of recycled or recovered fiber. Twenty-four companies are listed as
having products certified under the ECC standard (CPA, 2016).

8.2 Post-Consumer Wood Waste
There is also a growing demand for use of post-consumer wood waste, driven by consumer
demand and regulatory limits on sending wood waste to landfills. Post-consumer woods are
materials that are recovered from their original use and subsequently used for production of
EWPs (Bosch et al., 2015). They include recycled cardboard and paper, demolition wood,
packaging materials such as pallets and crates, used wood from landscape care (i.e., from urban
and highway trees, hedges, and gardens), discarded furniture, and waste wood from industrial,
construction, and commercial activities (Bosch et al., 2015; Stark et al., 2011; Howe et al., 2013;
US EPA, 2004; Rainier Wood Recyclers, 2006). Howe et al. (2013) reports an annual estimate of
70 million tons of post-consumer wood waste from municipal solid waste, and construction and
demolition wood debris in the United States. Hafner et al. (2014) notes that the demand for
reclaimed wood products in the building sector will rise in the European Union because the
preferred option is reuse and recycling of reclaimed wood.
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Wood pallets and shipping containers are a frequent source of reclaimed wood that is generally
considered “clean” for recycling. The pallets and containers are ground or chipped to make MDF
and particleboard, and to replace or supplement standard pulp (Bush et al., 1996; Nicewicz et al.,
2012). Other wood products from deconstructed structures or furniture (many are made from
engineered wood) that have outlived their usefulness can also be used as raw material for EWPs
(Araman et al., 1998, as cited in Ml DEQ, 2007; Lykidis and Grigoriou, 2008; Bosch et al.,
2015).

While many manufacturers of MDF and PB routinely incorporate a significant percentage of
post-industrial wood waste from their own and other manufacturing, the amount and use of post-
consumer recycled fiber is minimal among composite wood producers in the United States
(Heroux, personal communication). We were not able to locate information to quantify the
prevalence of post-consumer wood materials being used to make engineered woods, but we
found several examples of companies who are using post-consumer wood waste to make
engineered wood products. For example, Arauco North America lists the percent of recycled
content in its domestically produced composite panels and differentiates between recovered and
pre- and post-consumer raw materials (Arauco, 2015). The percentage of raw material that is
post-consumer ranges from 0-4.61%.

We found mention of other EWP manufacturers with a greater percentage of post-consumer
waste wood usage. The US EPA (1995a) discusses a case study of a manufacturer in Oregon that
uses wood chips from pallets, shakes, and utility spools to make hardboard. The US EPA report
(US EPA, 1995b) indicated that the company’s hardboard product contained 48% urban wood
waste, 45% plywood-trim, and 5% virgin wood chips, and noted that the company’s goal was to
use 100% urban wood waste. More recently, the company reported using 40,000 tons per year of
waste wood that previously was disposed of in landfills or burned (ODEQ, 2016).

8.3 Challenges of Using Post-Consumer Wood Waste
With the increased interest and use of post-consumer recycled materials in EWP production
comes the need to address potential contamination in the recycled feedstock, including
contamination by the specified elements and phthalates that are the subject of this report.
Reclaimed lumber and wood waste may contain various types of contaminants such as surface
treatments (e.g., paints, stains), metals, glues and adhesives, glass, paper, plastic, rubber and
chemical treatments (ljeh, 2015). Metals and organics may be present in paints, stains, varnishes,
and polishes that are used on wood products (e.g., furniture, window frames) and nails, screws,
and other metal hardware might be attached to the recycled and recovered wood (Rowell, 2011;
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Jeffrey, 2011; Bradley, 2014). These contaminants are intimately attached to the wood and
therefore some contaminants may pass through cleaning systems. When the wood is then
chipped or shredded, these materials can contaminate the entire recovered wood stream (Rowell
2011).

Production of EWPs requires careful control of the fiber properties and formulas of resins and
other additives to produce consistent quality and meet industry and customer standards. The use
of homogenous raw materials produces particleboard with desired qualities of good strength,
smooth surfaces, and equal swelling (USDA, 2010). The impact of contaminants, such as paints,
needs to be considered with regard to the effect on final product quality (Colak et al., 2011). Just
like any fiber source for EWPs, the physical and chemical properties of the recycled sources of
fiber must be well-understood to be successful. Using recycled materials for production of EWPs
requires testing and quality control to get the ratio of recycled to virgin timber inputs right, as
well as to meet product specifications (Saravia-Cortez et al., 2013).

Large quantities of lumber treated with chromated copper arsenate (CCA), creosote, or
pentachlorophenol to resist rot and insects are disposed of each year. In the United States, these
treated woods are classified as hazardous waste. The presence of arsenic and chromium in CCA-
treated woods (as well as creosote and pentachlorophenol treated woods) represents a significant
challenge in safely recycling these woods (WRAP, 2016).

8.3.1 Levels of ASTM elements in recycled wood waste

In a study to evaluate the “recyclability” of used wood, Fellin et al. (2014) conducted elemental
analysis of wood residues from wood recycling plants using a handheld fast ED-XRF device.
This study, while primarily based in Italy, provides some indication of types and levels of
contamination in various types of wood waste. In this study, 336 wood specimens were collected
from Italian recycling centers (n=268), wood enterprises (n=39), and an on-site field sample
(n=1), along with research centers in Canada (n=27) [authors indicated that there were 336
specimens, but individual numbers reported by authors add up to only 335]. Metal hardware
pieces were manually removed from the wood samples and then an ED-XRF detector analyzed
the wood samples for chlorine and the following elements: antimony, arsenic, barium, bromine,
cadmium, chromium, copper, lead, mercury, tantalum, tin, and titanium. Each specimen was
analyzed three times with the average of the samples recorded.

Elemental analysis results were compared to EU Community Ecolabel limits (i.e., element
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concentrations are less than 25 mg/kg of arsenic, 25 mg/kg of mercury, 25 mg/kg of chromium,
50 mg/kg cadmium, 90 mg/kg lead, and 40 mg/kg copper’) (EU, 2004). For all wood products
tested, 16% exceeded one or more of the Ecolabel limits, with highest concentrations from lead,
chromium, chlorine, copper, cadmium, and mercury. No samples had levels of arsenic over the
25 ppm limit (except a CCA-treated pole). Barium and lead were found in 10-20% of the
samples, chromium and cadmium in 3-4%, and antimony, mercury, and arsenic ranged from
0.3-1.2% of samples. Twenty-four percent of furniture and 18% of building materials had one or
more elements exceeding the limits. The authors indicated that this may be due to manufacturing
processes such as painting, preservation, and overlaying, which are common with furniture and
building materials (for example, high levels of titanium may indicate the presence of paint). Most
polluted types of wood were particleboard (37% exceeded Ecolabel limits), recycled
particleboard (25% exceeded), and plywood (18% exceeded); while fiberboard (MDF and HDF)
exceeded limits in 9% of samples. The authors concluded that visual sorting combined with the
ED-XRF measuring device was effective in sorting polluted from non-polluted wood wastes,
particularly for CCA-treated wood, but was more limited in detecting low concentrations of
some other elements including chromium and antimony.

We consulted with CPSC staff regarding accuracy of measurements using ED-XRF (Butturini,
personal communication). CPSC uses XRF analysis but requires multiple sample areas (five
sample areas are preferred as opposed to three areas used by Fellin and colleagues). This is
because an XRF measurement has a small “spot size” and testing more areas helps avoid the
presence or absence of a material in a localized area to be misinterpreted as representative of the
entire test product or specimen. In addition, the multiple sample areas help reduce noise in these
measurements. The ED-XRF is rather indiscriminate in where a detected element is found. When
the beam is emitted, anything in the path can reflect back to the detector. However, the beam
disperses, and at long distances, the return signal is too low for detection above the noise.
CPSC’s ED-XREF test method for certification testing is not approved for composite materials
(e.g., plated materials, laminates) because the measurement does not discriminate where along
the path an element was detected. Overall, this method can be used to look for elements in wood,
but multiple sample areas are needed for manufactured woods. To test the wood substrate
accurately, surface coatings need to be removed, and the surface should be washed of potential
pollutants before testing.

" Ecolabel limits are similar to ASTM solubility limits for the eight elements of interest in our study.
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Tables 4-7 below report average concentrations of ASTM elements measured in particleboard,
recycled particleboard, plywood, and fiberboard respectively.

Table 4. Contaminants identified in elemental analysis of particleboard samples (n=54)
(Fellin et al., 2014). Numbers in bold represent concentrations that exceed ASTM limits.

Element unit As | Ba Cd |Cr Hg | Pb Sb | Se
Occurrence % 0 20 13 2 2 37 4 2

Average concentration mg/kg | - 1600 | 100 |1300 |28 | 250 40 |25
Minimum mg/kg | - 230 56 1300 |28 |8 31 25
Maximum mg/kg | - 4300 | 140 | 1300 |28 |3800 |49 25

As-arsenic, Ba-barium, Cd-cadmium, Cr-chromium, Hg-mercury, Pb-lead, Sh-antimony, Se-selenium

Table 5. Contaminants identified in elemental analysis of recycled particleboard samples
(n=12) (Fellin et al., 2014). Numbers in bold represent concentrations that exceed ASTM
limits.

Element unit As Ba Cd |Cr Hg |Pb Sh Se
Occurrence % 0 25 0 8 0 75 0 0
Average concentration mg/kg - 370 |- 140 | - 64 - -
Minimum mg/kg - 180 |- 140 | - 6 - -
Maximum mg/kg - 740 | - 140 | - 200 |- -

As-arsenic, Ba-barium, Cd-cadmium, Cr-chromium, Hg-mercury, Pb-lead, Sh-antimony, Se-selenium

Table 6. Contaminants identified in elemental analysis of plywood samples (n=44) (Fellin et
al., 2014). Numbers in bold represent concentrations that exceed ASTM limits.

Element unit As | Ba Cd |Cr Hg | Pb Sb | Se
occurrence % 0 14 5 11 0 14 2 2

av. Concentration mg/kg | - 3200 | 150 |120 - 590 48 |29
min mg/kg | - 210 32 100 - 230 48 |29
max mg/kg | - 13,000 | 260 | 130 - 1300 |48 29

As-arsenic, Ba-barium, Cd-cadmium, Cr-chromium, Hg-mercury, Pb-lead, Sh-antimony, Se-selenium

56




Table 7. Contaminants identified in elemental analysis of fiberboard (medium and high
density) samples (n=45) (Fellin et al., 2014). Numbers in bold represent concentrations that
exceed ASTM limits.

Element unit As | Ba Cd |Cr Hg | Pb Sb | Se
occurrence % 2 11 0 2 0 11 0 0
av. Concentration mg/kg |4 1600 | - 140 - 110 - -
min mg/kg |4 780 - 140 - 13 - -
max mg/kg |4 2900 | - 140 - 270 - -

As-arsenic, Ba-barium, Cd-cadmium, Cr-chromium, Hg-mercury, Pb-lead, Sh-antimony, Se-selenium

In the United States, there are no federal regulations that limit the level of heavy metals or
phthalates in finished EWPs (unless the finished EWPs are incorporated into a toy subject to
Section 4.3.5 of ASTM F963-11 or other children’s product or childcare article subject to lead or
phthalate content requirements), nor are there regulations that limit the use of contaminated
wood as a feedstock for EWPs (except for general limitations on uses of creosote,
pentachlorophenol, and CCA-treated lumber). Individual states are generally responsible for
managing nonhazardous or municipal solid wastes and regulations and guidance can vary from
state to state with regard to safe disposal and reuse of various wood wastes (e.g., Ml DEQ, 2007;
CWC, 1997a,b).

Health Canada does not have specific regulations regarding use of recycled woods for consumer
products, except that the products cannot pose a danger to health and safety (Hatlelid, personal
communication). Canadian provinces establish waste management plans and regulations (Jeffrey,
2011).

In Europe, the EU Waste Framework Directive requires that by 2020, 70% of a country’s
construction and demolition waste must be reused or recycled, but each member state sets its
own regulations (Jeffrey, 2011). In the EU, wood chips from recycled woods are grouped into
categories depending upon the extent of heavy metals and contaminants, with the
uncontaminated “green list” chips being used for particleboard and slightly contaminated
“yellow list” sometimes used. The “red list” wood chips cannot be recycled but only burned in
biomass facilities (Brenner, 2016). The EPF (European Panel Federation, representing European
manufacturers of particleboard, MDF, and OSB) has established voluntary industry standards to
verify that chemical contaminants are not present in the waste wood used for panel board (EPF,
2010b). The EPF set maximum limit values (g/kg dry panel) for heavy metals in wood-based
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panels containing recycled wood (EPF, 2010a). The EPF concentrations are based upon the
European Toy Safety Standards (EN 71-3:1995) (EPF, 2010a). EN 71-3:1995 standards are
similar to ASTM standards.

8.3.2 ldentifying and sorting contaminated wood waste

Wood waste processors take various approaches to ensure that their waste woods are not
contaminated. For example, one wood recycler in the Pacific Northwest accepts clean urban
wood waste, but not treated wood such as that containing creosote, CCA, or pentachlorophenol
(Rainier Wood Recyclers, 2006). Another facility explains on their website that they use various
testing methods, including outside laboratories to test materials for contaminants (for example,
testing painted wood for lead), but notes that they test samples of the materials, and therefore
there is always a possibility that there is a portion of untested material within the batch that may
have residues of lead paint (Pioneer Millworks, 2016). Waste wood may be sorted by visual
and/or mechanical means to identify contaminants, and vendors sell wood recycling sorting
equipment that use optical sensors, magnetic, and metal separators (e.g., Sesotec, 2016).

Austin (2008) describes a method of processing waste wood to remove contaminants. The first
step removes foreign objects by dumping materials in tanks of water, with the more buoyant
wood rising to the top and the other materials sinking to the bottom. The wood moves via
conveyor belt and painted or treated woods are separated out; large magnets are used to extract
nails and metal pieces. The wood is then ground or chipped and magnets are used again to collect
any remaining metal.

Efforts are underway to more easily identify chemicals in recycled wood, for example the Waste
& Resources Action Programme (WRAP) in the UK is developing tools to help wood re-
processers identify contaminated wood including visual inspection guides and color indicator
testing kits (WRAP, 2016). Bouslamti et al. (2012) discussed the inherent high degree of
variability of contaminants in recovered and waste wood resulting in the need for a robust
analytical sampling protocol to ensure that results of testing for contaminants is as precise as
possible. Bradley (2014) reports that research in Germany on X-ray fluorescence analysis, near-
infrared spectroscopy, and ion mobility spectrometry is being conducted to help identify
contaminants in recycled wood. Once the contaminants are identified, research can be done to
identify appropriate supercritical fluid treatments to extract efficiently the contaminants.
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8.3.3 Recycling EWPs to make particleboard

Because engineered wood products consist of roughly 90% wood, recovery and recycling of
engineered wood products to make new engineered wood, particularly particleboard, is desirable.
Researchers have investigated recycling engineered wood product board with mixed success
(Lykidis and Grigoriou, 2008; Wan et al., 2014; Roffael et al., 2010). Recycling engineered
wood boards is complicated due to the presence of different adhesives, as formaldehyde can be
released during recycling (Wan et al., 2014). In addition, some EWPs are treated with fire
retardants, moisture resistant chemicals, and other additives that have to be considered in
producing particleboard from recycled EWPs.

8.4 Treated Wood with Surface Contamination as Potentially
Incompatible for Use in EWPs

There are a few factors that are suggestive of the incompatibility for the presence of the ASTM
chemical elements or the specified phthalates in EWP production. Many variables associated
with wood surface characteristics can affect the wettability of the surface and the depth of resin
penetration into the wood, leading to increased or decreased bonding performance (Stokke et al.,
2014). For example, treating wood with CCA modifies the surface of the wood and damages the
cell walls, which disrupts the gluing process (Munson, 1997). Munson (1997) also cites a
number of researchers who suggest that phenol-formaldehyde resins are incompatible for use
with CCA-treated woods (Boggio and Gertjejansen, 1982; Gertjejansen et al., 1988; Vick, 1980;
Vick et al., 1990, 1996; all as cited in Munson, 1997); this was reiterated in USDA (2010). These
treatments are reported to interfere with the surface contact area for bonding and decrease bond
strength (USDA, 2010). Industry and experts suggest that phthalates would not be used in EWP
manufacturing because of lack of compatibility with resin formulations (Heroux, personal
communication; Frazier, personal communication). These experts also suggest that there is no
incentive or reason to add any of the ASTM elements (Heroux, personal communication).

8.5 Wood-Thermoplastic Composites
While beyond the subject of this report, we should mention that wood-thermoplastic composites
are gaining in use (Yeh et al., 2009, as cited in Martinez-Lopez et al., 2014; USDA, 2010). These
products are made with recycled wood or other cellulosic fibers and thermoplastics such as
polypropylene (PP), polystyrene, vinyl, and low- and high-density polyethylene (USDA, 2010;
US EPA, 1995c). These composites may also utilize coupling agents or plasticizers to improve
bonding and product performance (USDA, 2010; Wambua et al., 2003, as cited in Martinez-
Lopez et al., 2014). The inclusion of plastics in composite products introduces the possibility of
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the composites to contain phthalates if the phthalates were present in the recycled or virgin
thermoplastics feedstocks used in production. “Plastic lumber” has been made from ground
pallet wood and recovered plastics (e.g., plastic grocery bags) (Bush et al., 1996). Bosch et al.
(2015) reports that composites made of wood and plastic have significant market shares in some
specific markets.

Various cellulosic materials have been used or investigated, including particleboard residues,
Eucalyptus grandis wood, cereal straw, rice hulls/husks, kenaf fibers, and old newspaper fiber,
which is mixed with post-consumer plastic such as polypropylene and high density polyethylene
(Hillig et al., 2008; Ashori and Nourbakhsh, 2009; Srebrenkoska et al., 2008; USDA, 2010).

US EPA (1995b) demonstrated in the laboratory that wood-plastic composites can be made from
a variety of wood wastes and recycled plastics. They report that the properties of the resulting
composites were very similar to those made from virgin materials. Ashori and Nourbakhsh
(2009) investigated the feasibility of using two types of plastics (PP and high density
polyethylene) and old newspaper fiber to manufacture experimental composite panels. They
found the resulting panels could be made without significant adverse effect on the panel’s
properties. Srebrenkoska et al. (2008) investigated PP-based composites (using rice hulls or
kenaf fibers) and found their flexural strength and modulus comparable to those of conventional
medium-density fiberboards. These authors thought these recycled composites suitable for use
indoors or as construction materials.

9. Summary and Discussion of the Potential Evidence for the ASTM Elements or
Specified Phthalates to be present in EWPs

The Consumer Product Safety Act (CPSA) requires third party testing of children’s products for
compliance with the applicable children’s product safety rules. This report summarized available
information on the production of engineered wood products (EWP) (specifically particleboard,
medium density fiberboard, and hardwood plywood) and the possibility of the raw materials or
finished product containing any of the specified ASTM elements or phthalates above their
respective solubility or concentration limits.

We investigated the possibility that any of the ASTM chemical elements or specified phthalates
could be present in the engineered wood products at levels above their respective solubility or
concentration limits. We also identified the raw materials used in manufacturing each EWP,
including the resins and additives used in making the adhesives, and searched for data on
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whether any of the ASTM elements or specified phthalates could be present in those raw
materials. Finally, we considered the possibility for the ASTM elements or specified phthalates
to be introduced into the EWPs from use of recycled raw materials in manufacture.

9.1 Elements and Phthalates in EWPs
We searched in the primary and secondary literature for the presence or concentrations of the
specified elements and phthalates in the three types of EWPs.

e Particleboard — We found little information on measurements of the ASTM elements in
particleboard and no studies that measured the specified phthalates. Very low
concentrations (< 0.3 ppm) of arsenic and chromium were measured in the particleboards
made from virgin wood chips (Munson, 1997; Munson and Kamdem, 1998). Chromium
and arsenic were detected in particleboard made with CCA-treated wood products (e.g.,
Munson, 1997; Munson and Kamdem, 1998). Fellin et al. (2014) measured several
elements in particleboard wood waste at concentrations above the solubility limits, but
the authors noted that the contamination might be due manufacturing processes such as
coating and overlaying.

e Hardwood Plywood — We identified only one study that measured the ASTM elements in
uncontaminated hardwood plywood and no studies that measured the specified
phthalates. Peltola et al. (2000) reported concentrations of several of the ASTM elements,
all below the solubility limits. Fellin et al. (2014) measured several elements in hardwood
plywood wood waste at concentrations above the solubility limits, but the authors noted
that the contamination might be due manufacturing processes such as coating and
overlaying.

e Medium Density Fiberboard — We identified no studies that reported the presence of the
specified phthalates or ASTM elements in MDF made with virgin wood. Fellin et al.
(2014) measured several elements in MDF wood waste at concentrations above the
solubility limits, but the authors noted that the contamination might be due manufacturing
processes such as coating and overlaying.

9.2 Elements and Phthalates in Adhesives and Additives
We searched for the presence of the specified elements or phthalates in the adhesives, resins, and
waxes used in adhesive formulations.

e Urea-formaldehyde — We did not identify any studies that reported phthalates or ASTM
elements in UF resins. Several patents reported the use of barium as a catalyst in the
formation of some UF resins. In one, they report the concentration of barium hydroxide
(5% by weight) added as a catalyst during synthesis of phenolic foam resin (Geng et al.,
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2014). The relevance of foam resins to the specified EWPs is unclear.
Melamine-formaldehyde (MF) and melamine-urea-formaldehyde (MUF) — We did not
locate any studies that examined phthalates or ASTM element concentrations in MF or
MUF. Our original search was for melamine as an amino-adhesive, and we conducted an
additional literature search for ‘melamine’ only to ensure no primary references were
missed in our initial search. No additional studies were identified, but this additional
search did not include patents.

Phenol-formaldehyde (PF) — We located studies and patents addressing the use of barium
or chromium as catalysts in the formation of some phenol-formaldehyde (PF) resins. We
located a number of patents and studies that use barium hydroxide as a catalyst during
synthesis of PF resins (Geng et al., 2014; Shrivastava et al., 2012; Wang and Zhang,
2011; Zhang et al., 2009a) and resoles (Bouajila et al., 2002). Only one of these,
Shrivastava et al. (2012), described concentrations of 1.68-10.13% barium hydroxide by
weight. Other barium compounds, specifically barium carbonate, have been added to PF
resin at a rate of 30g barium carbonate to 100g PF resin to improve heat resistance
(Zhang et al., 2009b). Popov et al. (1973) reported that chromium has historically been
used as a catalyst in PF resin foams, but concentration information was not provided. We
did not find information in our literature and SDS searching to indicate how commonly
these catalysts are used.

Resorcinol-based resins (RF, PRF) — We did not locate any studies on the specified
phthalates or ASTM elements in resorcinol-based resins, including phenol-resorcinol-
formaldehyde (PRF) resin or resorcinol-formaldehyde (RF) resin.

Polymeric methylene diphenyl diisocyanate resins (pMDI) — We identified one study
regarding the use of antimony as a catalyst in the formation of pMDI. Preparation of
pMDI was conducted using thermal decomposition of methylenediphenyl
di(phenylcarbamate) (MDPC) with an antimony trioxide (Sh,03) catalyst, but no
concentrations were given (Wang et al., 2013).

Polyvinyl acetate (PVA) — Cameron et al. (1987) noted that PVA can be plasticized with
dibutyl, diethyl, and dimethyl phthalate and Stokke et al. (2014) reported the use of
dibutyl phthalate. Feng et al. (2002) reported that di(2-ethylhexyl)phthalate (DEHP) is
used in the manufacturing of PVA. USDA (2010) suggested that phthalates (such as
dibutyl phthalate) are used in PVA manufacture to plasticize the adhesive polymers. Our
literature search revealed no information on concentrations of phthalates in PVA and
there was no indication in the literature if this is a standard manufacturing procedure. The
literature search did not identify any reports of the ASTM elements in PVA resins used
for manufacturing engineered wood products. Matoso and Cadore (2008; 2011) tested



commercially available PVA-based glues (glue brands or names not specified), for some
of the ASTM elements. Chromium was detected at 0.3 mg/kg (0.3 ppm) in one of the
glue types. All other measurements for arsenic, chromium, barium, cadmium, mercury,
and lead were below their limit of quantitation. There are many types of commercially
available PVA glues and it is not known whether the glues tested in these studies are
similar to those used in EWP production.

e Waxes — The literature search revealed no information regarding possible concentrations
of phthalates in waxes, nor did we find any information on ASTM element concentrations
in waxes used in the manufacturing engineered wood products. Note that we did not
search for patents for wax additives.

We did not find much evidence to suggest that the specified phthalates and elements are likely to
be present in any of the commonly used adhesives or waxes at concentrations above 0.1% for the
phthalates, and the respective ASTM solubility limits. We found information on use of
phthalates in the manufacturing of PVA, but from the information we obtained this resin is not
commonly used in EWPs and it is not clear how standard this practice is. While we found several
patents that reported use of the ASTM elements as catalysts, these patents are novel formulations
that are not likely to represent common industry practice.

In the resins and additives, many of the ASTM elements were identified in processes used in the
manufacture (mainly as catalysts) or as potential impurities in the final products (see Appendix
I11). These ASTM elements include chromium, arsenic, antimony, barium, mercury, selenium,
and lead. Cadmium was not identified. No information on concentrations exceeding the
solubility limits of the ASTM elements were found, and very few sources reported information
on concentrations at all. Because these elements are mainly used as catalysts, they are expected
to be chemically unchanged during the reaction. However, these catalysts remain in the adhesive;
they are not removed. While the catalyst is not incorporated into the polymeric network created
by the resin, the catalyst may remain entrained within the cured adhesive. In contrast, the
specified phthalates, other than their mentions in Section 6.3.2, were not identified in processes
used in manufacture or as potential impurities in the final products.
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9.3 Elements and Phthalates in Wood
The potential for natural wood to contain concentrations of the ASTM elements® above the
solubility limits was addressed under a previous report prepared for CPSC (CPSC, 2015). That
report found the following:

Wood - Very few studies were found that measured concentrations of the ASTM
elements in wood, tree trunks, or tree rings. None of the measurements were above the
solubility limits.

Trees — Many studies identified and measured the ASTM elements in tree parts other than
the trunk. All seven elements were detected in one or more other parts of trees (e.g.,
roots, shoots, leaves). Evidence was found of concentrations exceeding the solubility
limits for all the elements (except barium) in some tree part(s) other than the trunks.

The potential for trees and plants to contain concentration of phthalates above the solubility limit
was addressed in this report.

We found only one study, Wang and Fan (2014), that measured phthalate levels in pine
needles of Masson pines growing in Nanjing, China and demonstrated that pine needles
readily absorb airborne phthalates. However, concentrations were well below the content
limits. Note that this study provides evidence of phthalates being taken up by trees, but
pine needles would not be used as a cellulosic in making the specified EWPs.

We found numerous studies investigating phthalate uptake in plants (mainly agricultural
crop plants). These studies showed concentrations of DEHP, DnBP, DBP, DEP, DnOP,
and BBP in plant tissue showing that phthalates are bioavailable for uptake in plants.
However, none of these studies reported concentrations above the 1000 ppm (the highest
reported concentration was 36 mg/kg of DEHP).

9.4 Use of Waste Wood
There is increased interest and use of post-consumer recycled materials in EWP production;
however, with this comes the need to consider potential contamination in the recycled feedstock,
including contamination by the specified elements and phthalates that are the subject of this
report. Surface treatments (e.g., paints, stains), metals, glues and adhesives, glass, paper, plastic,
rubber, and chemical treatments may contain the elements or phthalates that are intimately bound
to the wood. In order to insure EWPs made from used wood fibers do not contain elements or
phthalates above the limits, the materials would need to be carefully sorted and tested to be

® The previous task did not investigate lead content in wood because the CPSC has previously determined that
natural woods do not contain lead in concentrations above the ASTM solubility limit. See 16 C.F.R. 1500.91.
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assured that they are not contaminated. We found manufacturer information that indicates that
there are some manufacturers using recycled woods to make EWPs, although most of these
examples used pallets and containers; these types of wood waste are less likely to be
contaminated because they generally are not treated or coated.
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