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Urban forestry generates a huge amount of waste worldwide, resulting from the processes of pruning and
suppression. Disposal in landfills reduces the useful life of these facilities and forgoes the possibility of
generating income from the waste. This study investigated the manufacture of toys as a strategy to val-
orize urban forestry waste. For this, physical-mechanical, chemical (extractive), color and shape charac-
terizations were performed for three species of urban trees commonly planted in Brazil, a region of
Neotropical forests. Toy prototypes were developed and manufactured from wood waste. Regarding
color, all studied species showed high value of the variable b*, which refers to the blue-yellow axis.
Handroanthus heptaphyllus wood had the highest values of basic density (0.706 g.cm�3) and Janka hard-
ness (1142, 1027 and 1669 kgf.cm�2 for radial, tangential and transverse directions, respectively), and
had the lowest volumetric shrinkage (11.38%). The lowest content of total extractives was measured in
Handroanthus heptaphyllus, 6.33%, and the greatest content was found in Spathodea campanulata, 7.01%.
The average value suggested for the toy prototypes varied between $ 3.70 and $ 13.58. The urban pruning
wastes of the species studied have physical, chemical and mechanical attributes suitable for the manu-
facture of toys. This use has strong potential for environmental, economic and social sustainability and
the toys are pedagogically accepted by adults and children.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Wood waste is all lignocellulosic material discarded after har-
vest, forestry practices or industrial processing. Some examples
are branches, roots, bark, trunks with large hollows and other
defects, along with sawdust and shavings from sawmills and lum-
beryards (Derčan et al., 2012; Joshi et al., 2015; Martinez Lopez
et al., 2020). These wastes are available in large amounts in cities
and rural areas, and due to their physical and chemical properties,
have a high potential for reuse, either for energy generation (the
most common use) or to make products with higher added value,
such as panels, furniture, small wooden objects (SWO), urban
equipment and even in civil construction (Faraca et al., 2019;
Lima et al., 2019; Martinez Lopez et al., 2020; Theapparat et al.,
2019). However, some challenges need to be overcome to enable
these forms of use, which include the physical, chemical and
mechanical characterization of the wood of the different species
and the design of products. Besides this, consideration is required
of the logistical capacity of cities for correct transport and storage
of this material (Tirkolaee et al., 2021, 2018). Some models have
been developed by researchers engaged in waste management,
with the aim of reducing the handling and transport costs urban
wood waste, which represent a significant expense for reuse of
these materials (Tirkolaee et al., 2020, 2018). This study presents
new data, because as of yet there are not well-defined guidelines
about the collection, preparation and processing of wood waste
for manufacturre of toys and other products. The main question
addressed is how to valorize this waste generated globally.

Countries such as the United States generate, for example,
about 33 million tons of dry wood per year, due to the death of
urban trees (Nowak et al., 2019). In Brazil, there is still no consis-
tent information on the amount generated, but considering the
predominant urban forestry model, the volume is estimated to be
considerable. Partial data from the SNIS (National Waste Informa-
tion System) indicate the generation of 97,703.8 metric tons of
pruning and branch waste per year (Brasil, 2019). This low value
is due to the lack of control over the generation and disposal of
green waste by most municipal governments. The actual amount
is certainly much larger.

In developing countries, these wastes are usually discarded in
landfills or in areas of irregular disposal, often after burning to
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reduce volume, which increases air pollution (Fetene et al., 2018;
Singh et al., 2014; Wilson et al., 2013). Some references indicate
the potential of utilizing wood waste of urban origin as a source
of clean and renewable energy, furniture production and manufac-
ture of other wood products, aiming at efficient use of the material
and generation of income (Dias Júnior et al., 2017; Fetene et al.,
2018; Grohmann et al., 2019; Nowak et al., 2019; Pérez-Arévalo
and Velázquez-Martí, 2018). Urban forestry waste has great poten-
tial for recovery to make solid wood products using technologies
that are already available, provided that product designs that meet
the requirements of specific niche markets are developed to favor
their sale (Nolasco, 2014).

Toys are considered fundamental for the development of
human beings in the first years of life and even for promoting
the recovery from some diseases. They contribute to the develop-
ment of hearing, vision, communication and speech, and facilitate
overall learning in the first stages of life. The archeological record
shows that wooden toys were made as early as the Stone Age
(Cywa and Wacnik, 2020; Guney et al., 2020). According to data
from the Brazilian Association of Toy Manufacturers, in 2019 the
world toy trade generated more than US$ 90 billion (ABRINQ,
2020; TTA, 2020). In Brazil, wooden toys account for 7.4% of all toys
produced and sold in the country (ABRINQ, 2019).

Manufacturing toys using urban forestry wastes as rawmaterial
is an effective way to valorize these materials, contributing to
reduce the negative environmental impact resulting from their
incorrect disposal and potential to promote new ventures, improv-
ing local economies by generating jobs and income. This study
stands out for its originality, by providing relevant information
for entrepreneurs, because there are few studies that have evalu-
ated the characteristics of wood for the production of toys (Ebner
and Petutschnigg, 2007), and no studies that analyzed the possibil-
ity of using urban forestry waste for this purpose. Furthermore, it
also suggests sale values for toys that can be produced, which
can serves as the basis for future studies to assess the economic
return of manufacturing toys using urban waste from tree trim-
ming and removal.

In the case of toys, in which the user has direct contact with the
material, the physical, mechanical and chemical characteristics of
wood waste should be considered, since some species can have
undesirable characteristics, such as high density, which makes the
toys heavy, or high composition of extractives, causing a strong odor
and even allergic reactions (Hausen, 1986, 1978; Jankowsky, 2017;
Becker et al., 2010; Guney et al., 2020). Thus, we investigated the
development of toys as a strategy to valorize urban forestry waste.
2. Material and methods

To define the properties of the urban wood waste for production
of toys, we performed various visual, chemical, physical and
mechanical tests were performed. Toy prototypes were produced
and evaluated by a panel of consumers.

The investigations reported here reflect the main properties for
production of toys. A disadvantage of the proposed methodology is
the difficulty of access to the equipment and facilities necessary to
carry out the analysis. However, it is necessary for municipal gov-
ernments to perform basic tests of the wood from the tree species
used locally, and this could happen through partnerships with
research centers and universities, to characterize the materials
obtained and form a database with public access.
2.1. Study site and sampling of waste from urban forestry species

Urban forestry wastes came from the pruning and maintenance
of the trees of Piracicaba (�22,725, �47,6476), a city with approx-
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imately 400,000 inhabitants, located in the state of São Paulo, Bra-
zil. The local climate is high-altitude tropical (‘‘Cwa” type in the
Köppen classification), with less rainfall in winter and average
annual temperature of 21.1 �C, average annual rainfall of
1253 mm year�1 and relative humidity of around 74% (Polizel,
2009). For the study, three species planted in the city were ran-
domly selected: ‘Ipê Rosa’ (Handroanthus heptaphyllus);
‘Espatódea’ (Spathodea campanulata); and ‘Aroeira Salsa’ (Schinus
molle). All three are very common in urban silviculture in the trop-
ical climate regions of the state of São Paulo. After collection of the
waste, carried out by a company specialized in the service, the
branches with diameter greater than 15 cm were selected, aiming
at satisfactory utilization of the material for the production of the
specimens used in the study.

The wood from 10 branches of different individuals was used
for the analysis of the material of each species. For the visual anal-
yses of the wood (color and shape), three repetitions of each
branch were used. Ten random points per sample were collected
to define the color. To analyze the shape, the specimen was evalu-
ated as a whole. For the determination of moisture, basic density
and apparent density, 40 samples were taken from each species,
totaling 120 samples. To determine Janka hardness, two samples
were collected from each of the three branches of each species,
totaling six specimens per species. For immediate analysis of the
material, three samples of 1 g were collected per species (Fig. 1).

2.2. Visual characterization of wood waste

In the macroscopic description of wood, the general character-
istics of wood such as color and shape were analyzed according
to the criteria of the Pan American Standards Commission
(COPANT, 1974), IAWA – ‘‘List of Microscopic Features for Hard-
wood Identification” (Wheeler et al., 1989) and the Standard Proce-
dures for Wood Anatomy Studies (Muñiz and Coradin, 1992).

Color determination was performed using the CIE Lab system
according to ISO 11664-4 (2019) (International Organization for
Standardization ISO/CIE, 2019), with two types of reading: one
with colorless varnish and the other without varnish (natural
wood), in order to verify if there is any influence on the color of
wood parts after application, since the process of applying varnish
is important for the surface preservation of toys, in which case one
should carefully observe the toxicity of the product used, given the
risk to children. For color determination, coordinates a*, b* and L*
were scored based on the color intensities according to Eqs. (1)–(3)
(Sonderegger et al., 2015).

a� ¼ 500 � X
X0

� �1=3

� Y
Y0

� �1=3
" #

ð1Þ

b� ¼ 200 � Y
Y0

� �1=3

� Z
Z0

� �1=3
" #

ð2Þ

L� ¼ 116 � Y
Y0

� �1=3

� 16

" #
ð3Þ

where: a* = color coordinate between red and green; b* = color
coordinate between yellow and blue; L* = lightness factor; X, Y,
Z = CIE tristimulus values of the sample; X0, Y0, Z0 = CIE tristimulus
values of the white reference.

These analyses were performed with a CM � 2500 D spec-
trophotometer with diffuse light illuminant D65 (UNE-EN, 2011).
The specimens used for color determination, with dimensions of
320 � 80 � 20 mm, were also used for the visual classification of
wood, in which the shapes were evaluated according to the stan-
dard NBR 9487 (ABNT, 1986).



Fig. 1. Sampling summary of the wood species for the different analyses. Where: BD = Basic density; TE = Total extractives content; L* = Lightness; a* = green–red color
coordinate; b* = blue-yellow color coordinate; C = chromaticity; h* = hue angle. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)
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2.3. Physicochemical and mechanical characterization of wood waste
from urban pruning

Moisture, basic density and apparent density tests were con-
ducted according to NBR 7190 (ABNT, 1997). Apparent density
was determined from the mass and apparent volume of the wood
at equilibrium moisture, considering the woody material, the
extractives and the air contained inside the cells. The humidity
was established in environments with controlled air humidity
and temperature. Length, height and width were measured to
obtain the volume at equilibrium moisture.

Total extractives content was determined according to NBR
14,853 (ABNT, 2010) with adaptations. After extraction in toluene:
alcohol (1:2) and extraction with 95% alcohol for 4 h, using a Soxh-
let apparatus, extraction was performed with hot water to remove
residues from the solvent (Klock et al., 2005) The analysis of
extractives with cold water and 4% acetic acid was performed in
a very similar way.

Janka hardness was determined according to the standard
D143-14 (ASTM, 2014) using Eq. (4). Specimens with dimensions
of 50 � 50 � 150 mm were used, and the tests were performed
using a CAPAC 30 TF UMC – 300 universal mechanical testing
machine with the Pavitest Madeira 2.77–0 software.

F
Janka¼FMax

A
ð4Þ

where: FJanka = Janka hardness; FMax = maximum force applied;
A = diameter of cross-sectional area.

2.4. Product concept to be developed

Wooden toys were made by utilizing waste from urban trees
and were developed for the age group from 2 to 7 years, that is,
children in the preoperational development stage, in which lan-
guage appears and the child begins to narrate facts and interact
in a communicative manner, according to the classification of the
child’s development stages (Piaget, 1995). The prototypes are pre-
sented in the supplementary document to this manuscript. Accord-
ing to Piaget’s theories, the main stimuli that can be developed by
children of preoperational age (Symbolic Intelligence Stage) are
symbolic (or semiotic) function, emergence of language, recogni-
tion of shapes, representations that attribute meaning to reality,
simulation, and differentiation of fantasy from reality (Terra,
2017). Examples of toys suitable for children of this age are tele-
phones, miniature household objects, dolls, puppets, masks, puz-
353
zles, dominoes, bowling pins, carts, pianos, bucket and shovel
sets, building blocks, material for painting and drawing, and tic-
tac-toe boards.

At this stage, the shapes of objects gains prominence for the
child’s development. It is the stage in which representations give
meaning to reality. The use of urban forestry waste to make these
types of toys is an opportunity to minimize negative environmen-
tal impacts and develop new businesses based on this raw mate-
rial. The strategy for valorization, in this specific case, occurs
through the union of the playful aspect with the environmental
aspect, where in addition to all the characteristics appropriate for
the production of toys, visual analysis by consumers also has sig-
nificant importance for validating the reuse.
2.5. Analysis of the acceptance of toys by parents and children

The analyses were carried out in two early childhood education
schools in the city of Piracicaba (SP, Brazil) and in the park of the
Luiz de Queiroz School of Agriculture (ESALQ/USP) located at coor-
dinates �22.709600 and �47.631717, with three different cate-
gories of interviewees: teachers, parents and children. The
interviews involved both the interviewees’ opinion and visual eval-
uation, the functionality of the toys, and a suggestion of value for
each toy. All told, 34 children, 16 parents and 6 teachers were
interviewed. The parents and teachers who participated in the
interview signed the informed consent form. Evaluations of the
visual and marketing aspects of the toy prototypes produced were
performed.
2.6. Data analysis

The colorimetric data were subjected to factorial (2x3) analysis
of variance, in which varnish was defined as the independent factor
and the species were the variables evaluated. When significant dif-
ferences were found, the means of physical, chemical and mechan-
ical characteristics were compared by the Tukey test, at 95%
probability. Pearson’s correlation analysis was applied to the rele-
vant variables of the study. The data obtained from the interviews
were tabulated and analyzed based on descriptive statistics and a
respective measure of dispersion. All analyses were performed
with the R software (Team, 2020).



Fig. 2. Correlation matrix between the basic density, total extractives content and
colorimetric parameters of the wood specimens.
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3. Results and discussion

3.1. Visual characterization of wood waste

As shown in Table 1, in the wood wastes of all species, with and
without application of varnish, the variable b*, which refers to the
blue-yellow axis, predominated over the variable a*, which is cor-
related with the red-green color axis. This indicates that the wood
wastes of the species showed a color tending more to yellow than
red, which is common in some species of trees planted in urban
areas.

These results are in line with those reported by de Meira (2010),
who evaluated the color of different species used as urban trees.
For the colorimetric variables, all the results showed significant
differences between the investigated species, when the parameters
of the wood specimens with varnish application were analyzed,
except for the hue angle (h*), which indicated the influence of var-
nish application only on the species Schinus molle.

For the manufacture of toys, color is a relevant factor and can
contribute to the choice of the product at the time of purchase.
However, wood can be painted to change the color or varnished
to increase brightness, modifying its visual appearance and
improving its durability. The color of wood has a strong influence
on the physical and aesthetic aspects of any item or object. For
example, lighter colored wood generally had lower density and
hardness and is therefore lighter. This is due to the amount of col-
oring agents that are present in the woody material, such as gums,
resins, tannic substances and pigments, among others (Andrade
et al., 2015; Garcia and Marinonio, 2016).

The color of wood is also influenced by its moisture, the quan-
tity and type of extractives, the region in the trunk where the wood
was cut, and the processes of oxidation and biotic deterioration,
which can occur from the influence of moisture and UV radiation
(Andrade et al., 2015; Matsuo et al., 2011; Sonderegger et al.,
2015). The deterioration of the wood through aging and photo-
oxidation of the surface generates alterations, chemically modify-
ing some compounds and causing changes in color over time
(Bonifazi et al., 2015; Calienno et al., 2015, 2014; Faix, 1995). We
verified the influence of basic density and total extractives content
on the colorimetry of the species (Fig. 2).

The basic density had a strong negative correlation with the
extractives content, the blue-yellow axis color coordinate (b*)
and the chromaticity of the species (C). It also had a moderate neg-
ative correlation with lightness (L*) and with hue angle (h*). The
only positive correlation, moderate, was with the green-red color
coordinate (a*). The extractives content had a moderate positive
correlation only with the blue-yellow axis color coordinate and
chromaticity. The correlations with other factors were considered
low. This information can serve as a parameter for toy producers,
who can use the color found in the wood of the waste they intend
to use to estimate the density and content of extractives present in
the species, which will facilitate choosing the species for the pro-
duction of specific types of toys, according to their physical-
chemical properties (Garcia et al., 2014; Nishino et al., 2000).
Table 1
Colorimetric parameters of the three studied species.

Species Varnish L* a*

Handroanthus heptaphyllus Without 65.69 ± 1.39 5.92
With 58.69 ± 2.22 8.51

Spathodea campanulata Without 71.38 ± 2.47 4.73
With 68.49 ± 2.05 6.24

Schinus molle Without 61.34 ± 1.69 6.60
With 49.27 ± 4.02 9.49

Where: L* = Lightness; a* = green–red color coordinate; b* = blue-yellow color coordin
column do not differ statistically between variables and between factors.
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Visual classification of the wood was carried out to verify the
presence of defects on the surface of the samples that could com-
promise their use in the manufacture of toys. For more demanding
uses, such as the manufacture of floors with high added value,
wood must have a low percentage of defects (Andrade et al.,
2015). However, for the manufacture of rustic toys, the presence
of defects can be considered an attractive feature of uniqueness
of the products. The application of varnish did not directly influ-
ence the shape of the specimens, and their brightness increased
after its application (Fig. S1, available in the supplementary
material).

The specimens of the investigated species had several defects,
such as the presence of knots (Handroanthus heptaphyllus and
Spathodea campanulata), surface cracks, exudation (presence of
gums, resins or other products on the wood surface), interlocked
grain (axial elements inclined in different directions in relation to
the longitudinal axis) and other defects that may be related to
the machining process (sawing). All these defects give the speci-
mens of the analyzed species unique and specific appearances,
which can be highly valorized for the production of toys and can
increase the attention of children to the details found in wood
without artificial coloring. However, these defects are also evi-
dence of deficiencies in the properties, which can affect the dura-
bility of toys produced from urban forestry waste, and should be
well evaluated before production (Kamal et al., 2017).

3.2. Physical and mechanical characterization of wood waste

As observed in Fig. 3(a), the species showed high variation in
moisture (dry basis) at the time of felling the trees, with a coeffi-
cient of variation of 13.61%. The waste of Spathodea campanulata
showed higher moisture (230.48%), followed by Schinus molle
b* C h*

± 0.13 18.36 ± 1.11 19.34 ± 2.77 72.49 ± 5.55*
± 0.56 26.50 ± 2.01 27.87 ± 1.98 72.21 ± 4.65*
± 0.69 20.51 ± 1.89 21.08 ± 1.74 77.44 ± 4.89*
± 0.87 29.45 ± 1.97 30.15 ± 2.27 77.94 ± 4.66*
± 0.87 18.78 ± 3.02 19.93 ± 2.64 70.46 ± 5.03
± 0.54 22.93 ± 2,99 24.84 ± 3.04 67.43 ± 3.87

ate; C = chromaticity; h* = hue angle. Numerical values followed by * in the same



Fig. 3. Physical and mechanical properties of wood of the studied species. Where: M = Moisture; BD = Basic density; AD = Apparent density; VS = Volumetric shrinkage;
H = Hardness; TE = Total extractives content.
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(117.73%) and Handroanthus heptaphyllus (68.48%). The high mois-
ture of urban forestry waste after tree felling can impair the work-
ability of the wood, alter its dimensional stability and interfere in
the gluing of the toy components. For the manufacture of toys,
wood should be stored properly for a certain period, to undergo
natural drying, between the cutting and use, to reduce moisture
and increase the stability of the final product, or should be dried
under controlled conditions, such as in kilns.

The species with the lowest moisture (Handroanthus heptaphyl-
lus) had the highest values of basic density (0.706) and apparent
density (0.856) (Fig. 3(b) and (c)). Wood with high density is gen-
erally more difficult to work, generating greater effort for cutting
and greater wear of tools. However, wood with high density is
more durable and undergoes less dimensional change due to cli-
matic factors (Chiniforush et al., 2019; Silva et al., 2014). Wood
with high density also usually has greater impact resistance, which
may favor the manufacture of toys that are subjected to strong
forces, as is the case of the mini bowling pins examined in this
study (Fig. S5, available in the supplementary material). The
greater tenacity of wood allows toys to withstand impact and
deform plastically without suffering fractures (Matsushita et al.,
2020).

Another important feature for the classification of wood from
urban forestry waste for toy manufacture is shrinkage, which indi-
cates howmuch it contracts or expands with the exchange of mois-
ture with the environment (Chen et al., 2019; Chiniforush et al.,
2019; Dietsch, 2017; Silva et al., 2014). Wood shrinkage can vary
from species to species and in different orientations of the anatom-
ical structures of the same species (Chiniforush et al., 2019; Fridley
and Tang, 1993; Silva et al., 2014). The three species considered in
this study had different values of shrinkage, as shown in Fig. 3(d)–
(f).

The wood wastes that had the highest values of volumetric
shrinkage (Spathodea campanulata and Schinus molle) were the
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ones with the lowest values of basic density and apparent density,
indicating that the wood of these species has greater dimensional
movement (Chiniforush et al., 2019; Hernández and Pontin,
2006). The species Handroanthus heptaphyllus had the lowest val-
ues of tangential shrinkage. This property should be carefully ana-
lyzed for use in toy production, since high dimensional movement
can cause damage to the structure of the toy, leading to breakage.
In the specimens evaluated in this study, the dimensional varia-
tions were not great enough to compromise application in toys.

Some other mechanical properties are of great interest to deter-
mine the suitable utilization of the wood, such as Janka hardness,
which indicates the resistance of wood to the penetration of other
objects, and consequently the risk of damage to its structure and
consequent durability. The values of the three studied species are
shown in Fig. 3(g)–(i). Among them, the one with the highest val-
ues of hardness in all directions was Handroanthus heptaphyllus,
with 1142, 1027 and 1669 kgf cm�2 for the radial, tangential and
transverse directions, respectively. The lowest results were found
for Spathodea campanulata, which had values of 248, 238, 377 kgf
cm�2 for the radial, tangential and transverse directions, respec-
tively. Schinus molle had intermediate values.

The Janka hardness results were correlated with the results of
basic density and volumetric shrinkage. The species with the high-
est values of hardness also showed the highest value of basic den-
sity and the lowest value of volumetric shrinkage (Handroanthus
heptaphyllus). On the other hand, the one with the lowest values
of basic density had lower values of hardness and intermediate val-
ues of volumetric shrinkage (Spathodea campanulata). These corre-
lations are shown in Fig. 4.

The strongest positive correlations were found between basic
density (BD) and apparent density (AD), between hardness (H)
and densities (apparent and basic), and between total extractives
content (TE) and volumetric shrinkage (VS). On the other hand,
the strongest negative correlations were found between moisture



Fig. 4. Correlation matrix between the properties evaluated in the wood specimens
from urban forestry waste.

Fig. 5. Extractives contents of the urban forestry wastes investigated.
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and densities (basic and apparent), between hardness and mois-
ture, and between hardness and volumetric shrinkage, while
extractives content was negatively correlated with densities (basic
and apparent) and hardness. For the production of toys, the most
important property is the basic density, because it can be used to
establish a relationship with other properties, desired or not.
3.3. Chemical characterization of wood wastes

Fig. 5 presents the extractives contents in specific reagents and
the total extractives content.

When the wood was subjected to the extraction process with a
single reagent, the content of extracted material was higher, prob-
ably due to the greater interaction of the wood with the organic
solvent. The species that had the most similar results in relation
to the proportion extracted in each solvent were Handroanthus
heptaphyllus and Schinus molle. Spathodea campanulata showed
higher values (>2x) in cold water and acetic acid extraction com-
pared to the other species. The extractives content in cold water
should be carefully observed, because children often use toys in
wet places, in addition to placing them in the mouth. High levels
of extractives make release more likely, causing contact with skin
and mucous membranes. For the total extractives content, the spe-
cies showed values ranging from 6.33 to 7.01%.

The main reactions of the skin, such as dermatitis, are caused
mainly by compounds such as some phenols, anthraquinones,
alkaloids, glycosides and saponins (Hausen, 1986). One of the main
compounds that also causes irritation of the skin and eyes, found in
the wood of some species and can be extracted is 2,6-dimethoxy-
1,4-benzoquinone (Hausen, 1978; National Center for
Biotechnology Information, 2020). Water has more affinity in the
extraction of inorganic salts, polysaccharides with low molecular
weight, sugars and some phenolic substances, such as tannins,
which can also be extracted using acetone (Sarto and Sansigolo,
2010). Thus, the risks of exposure to highly allergenic products that
are contained in the wood species are low.

The high extractives content can also cause some problems dur-
ing toy production, such as difficulties of adhesion during the wood
gluing process. However, storage time and drying can considerably
reduce the extractives content of some hardwood species, such as
Eucalyptus spp. (Bockel et al., 2019; Silvério et al., 2008). It is
important to note that the chemical composition of wood has some
advantages when compared to the chemical composition of toys
produced from materials such as plastics and artificial dyes. The
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high rate of contamination of children with toxic materials through
contact with some toy components has been reported and studied
for many years and is a worrisome factor for producers (Fatunsin
et al., 2020; Njati and Maguta, 2019).
3.4. Acceptance of toys by parents, children and teachers

All images of the toy prototypes produced in this work can be
accessed in the supplementary material. The interviewees’ answers
showed a promising result in relation to the acceptance and poten-
tial consumer market of the toys. When asked if they had ever
owned wooden toys, 68% of the children answered no. However,
when asked if they would like to have a wooden toy, the answer
was unanimously yes.

When asked about the preference of color, only 9% of the chil-
dren interviewed stated that they preferred the natural color of
the wood, against 91% who said they preferred colored toys, indi-
cating that the more rustic appeal of toys, despite valorizing the
natural shapes and colors of wood, does not meet children’s pref-
erence, so the toys should be painted for better acceptance. This
choice is understandable because during their development, chil-
dren seek physical interactions that stimulate their interactions
with the environment, and the color of toys, by referring to the var-
ious images they see daily, attract greater attention of children
(Terra, 2017). When the questions were directed to the children’s
parents, 25% reported that they never gave the children wooden
toys.

When asked about the main stimuli sought when buying toys
for their children, 29% of the parents answered that they were
seeking creativity, while 24% reported that they sought to stimu-
late fine motor coordination (FMC) and gross motor coordination
(GMC), which are the acts or actions performed by the body that
require a high level of brain activity (Schott et al., 2016). Stimulus
to imagination is what 14% of parents wanted for the purchase of
toys, while 9% they wanted toys that can stimulate logical reason-
ing in children and 9% stated their preference for toys that can
stimulate learning, that is, toys that contain letters, numbers, col-
ors, etc. Only 5% of the parents interviewed stated that they seek
toys that stimulate the senses; another 5% said they want toys that
stimulate socialization and another 5% want toys that arouse the
child’s curiosity.

In the first period of development (0–2 years), the stimuli are
mainly related to the senses, such as hearing, vision and touch;
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in this stage, children may have greater affinity for colorful toys
and toys that make some kind of noise. In the second period (2–
7 years), the stimuli are more related to language development
and also linked to interpersonal interactions. In this stage, toys that
allow greater interaction between children may be more attractive
(Piaget, 1968; Terra, 2017). In the third period (7–12 years), chil-
dren have already developed logical reasoning, so they can be more
interested in toys that stimulate this skill. From the age of 12 on,
children have generally acquired autonomy and begin to develop
activities that require greater complexity. Toys and games that
stimulate these activities are the most sought after during this
stage of development (Piaget, 1972; Piaget, 1968; Terra, 2017).

The mean prices suggested by parents and teachers for the toys
are presented in Fig. 6. Except for the doll and the toy called ‘‘small
village”, all other toys produced received higher valuation by the
teachers, probably due to their better understanding of the diffi-
culty of crafting prototypes.

The mean values of the toys in dollars were calculated accord-
ing to the December 2019 exchange rate between Brazil’s currency
and the dollar (R$ 4.05), ranged between $3.70 and $13.58. The
lowest values were attributed to rustic car and machined car with-
out painting, indicating that the painting adds value. The highest
values were suggested for the machined train, with and without
painting, and the machined bowling pins, probably due to the level
of detail and finish of the products. Lower values on average were
attributed to the rustic products (which did not go through the
machining and painting process). The products that received fin-
ishing obtained a price suggestion, on average, 55% higher than
suggested for the same rustic toy. This information should serve
as a parameter for those who produce toys from urban forestry
waste, as they should pay attention to the need to invest in the
final finishing of toys, with the aim of adding value.

The values suggested during the interviews indicated that the
toys have relevant commercial value. The acceptance by children
and parents of the prototypes produced shows there is a market
Fig. 6. Mean values (US$) of the prices suggested by parents and teachers for the
toys produced.
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opportunity for the reuse of urban forestry waste. One factor that
can help wooden toys to enter the market with the ability to com-
pete with products that are already well established is the aware-
ness of the population about the environmenal benefits due to the
origin of the materials used.

3.5. Practical and policy implications and future perspectives

Urban trees generate a large amount of wastes from pruning
and removal throughout the world. Although some countries keep
statistics on the quantity of such wastes generated, studies in the
international literature are scarce. Because of the large quantity,
in most counties these wastes are incinerated or discarded in san-
itary landfills. In Neotropical regions like Brazil, a large variety of
species are used in urban forestry, and the wastes have large
untapped potential, as demonstrated in this study. To the best of
our knowledge, no technical or scientific studies have been con-
ducted examining the use of tree pruning wastes for manufacture
of toys. However, there are many companies the produce wooden
toys for children, to encourage their creativity and development,
but the raw materal generally comes from planted forests or is
reconstituted (e.g., medium- or high-density fiberboard). The
expanded use of this waste material to make goys can reduce costs
and dependence on fossil sources (plastics and other petroleum
derivatives), and consequently mitigate greenhouse gas emissions.

The findings of this study have practical and policy implications,
by showing the potential benefits of using urban waste from tree
pruning to produce toys as part of programs for adequate manage-
ment of wastes with the proper quality controls. In Brazil, these
actions are contemplated in the National Climate Change Policy
(Law 12187/2009) and the National Solid Waste Policy (Law
12305/2010), both of which encourage the recycling and reuse of
wastes (Brasil, 2010, 2009). The local supply of raw material from
tree pruning and removal, abundant in most cities, is an interesting
strategic alternative to meet the needs of daycare centers and ele-
mentary schools, especially those in low-income neighborhoods, as
well as public shelters, due to the low cost and high durability of
the toys, thus promoting the motor and intellectual development
of children, and even adults with special needs.

This study will permit governments and companies in the toy
industry to plan future targets aimed at diversification of the use
of raw materials and valorization of biomass. The practical applica-
tions of the knowledge about the selection and physical, chemical
and esthetic properties of the wastes from urban tree pruning
include feasibility studies to support more efficient transport and
preparation of the waste, such as sawing, machining, painting
and gluing of the toys and their design. Furthermore, the chemical
analysis of the wood allows selection of species that will not pose a
threat to health, because children frequently put toys in contact
with their mouths. For example, the wood of Spathodea campanu-
lata is an excellent raw material, since it has low content of extrac-
tives (7.01%) and good density (0.310 g cm�3), meaning it is safe
and easy to work (Vale et al., 2005).

The approach used in this study can be replicated with wastes
from other tree species. We recommend increasing the range of
samples, and mixing them in different blends to broaden the find-
ings. Some chemical components, especially extractives, can vary
between species and also within species depending on the place,
making them unsuitable for production of toys. The following
aspects require further investigation: (1) analytic characterization
of wood wastes, especially the type of extractives, hemicelluloses
and macromolecular composition of lignin; (2) determination of
the physical, chemical and colorimetric properties of blends of
wastes; and (3) evaluation of the quantities of wastes available,
differentiated according to small, medium and large cities around
the world, considering the potential of a low-carbon economy.
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4. Conclusion

Wood waste from urban pruning has physical, chemical and
mechanical characteristics appropriate for the reuse in the devel-
opment and manufacture wooden toys. The most suitable wood
species to produce toys are those with low extractives content
and moderate basic density. Market analyses indicated that the
use of urban forestry waste to produce toys is a sustainable alter-
native for the material and that its use in the production of toys can
add value to the wastes, thus generating environmental and finan-
cial benefits for communities and other stakeholders. The findings
of this study can allow governments and toy companies plan future
targets aiming at diversification of raw material and valorization of
the biomass available in cities.

For the establishment of a similar system in small cities, besides
all the aspects already discussed, a challenge is the need for initial
investment, both to purchase materials and equipment for the
good development of the toys, and to train technical personnel.
Future studies can be conducted to verify the economic feasibility
of implementing this system in different scenarios. Other studies
can also be performed to evaluate the use of urban wood waste
for production of other small objects with commercial value.
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2012. Possibility of efficient utilization of wood waste as a renewable energy
resource in Serbia. Renew. Sustain. Energy Rev. https://doi.org/10.1016/j.
rser.2011.10.017.

Dias Júnior, A.F., Anuto, R.B., Andrade, C.R., De Souza, N.D., Takeshita, S., Brito, J.O.,
Nolasco, A.M., 2017. Influence of eucalyptus wood addition to urban wood
waste during combustion. Cerne 23, 455–464. https://doi.org/10.1590/
01047760201723042337.

Dietsch, P., 2017. Effect of reinforcement on shrinkage stresses in timber members.
Constr. Build. Mater. 150, 903–915. https://doi.org/10.1016/
j.conbuildmat.2017.06.033.

Ebner, M., Petutschnigg, A.J., 2007. Potentials of thermally modified beech (Fagus
sylvatica) wood for application in toy construction and design. Mater. Des. 28,
1753–1759. https://doi.org/10.1016/j.matdes.2006.05.015.

Faix, O., 1995. Artificial ageing of wood monitored by DRIFT spectroscopy and CIE
L*a*b* Color measurements 1. Effect of UV Light. Holzforschung 49, 397–404.
https://doi.org/10.1515/hfsg.1995.49.5.397.

Faraca, G., Boldrin, A., Astrup, T., 2019. Resource quality of wood waste: The
importance of physical and chemical impurities in wood waste for recycling.
Waste Manag. 87, 135–147. https://doi.org/10.1016/j.wasman.2019.02.005.

Fatunsin, O.T., Oluseyi, T.O., Drage, D., Abdallah, M.A.E., Turner, A., Harrad, S., 2020.
Children’s exposure to hazardous brominated flame retardants in plastic toys.
Sci. Total Environ. 720,. https://doi.org/10.1016/j.scitotenv.2020.137623
137623.

Fetene, Y., Addis, T., Beyene, A., Kloos, H., 2018. Valorisation of solid waste as key
opportunity for green city development in the growing urban areas of the
developing world. J. Environ. Chem. Eng. 6, 7144–7151. https://doi.org/10.1016/
j.jece.2018.11.023.

Fridley, K.J., Tang, R.C., 1993. Modelling three-dimensional distortion of wood due
to anisotropic shrinkage. Math. Comput. Model. 17, 23–30. https://doi.org/
10.1016/0895-7177(93)90014-P.

Garcia, R.A., Marinonio, G.B., 2016. Variação da Cor da Madeira de Teca em Função
da Densidade e do Teor de Extrativos 23, 124–134. https://doi.org/10.1590/
2179-8087.035313.

Garcia, R.A., Oliveira, N.S. de, Nascimento, A.M. do, Souza, N.D. de, 2014.
Colorimetria de madeiras dos gêneros Eucalyptus e Corymbia e sua correlação
com a densidade. CERNE 20, 509–517. https://doi.org/10.1590/
01047760201420041316.

Grohmann, D., Petrucci, R., Torre, L., Micheli, M., Menconi, M.E., 2019. Street trees’
management perspectives: Reuse of Tilia sp’.s pruning waste for insulation
purposes. Urban For. Urban Green. 38, 177–182. https://doi.org/10.1016/j.
ufug.2018.12.009.

Guney, M., Kismelyeva, S., Akimzhanova, Z., Beisova, K., 2020. Potentially toxic
elements in toys and children’s jewelry: a critical review of recent advances in
legislation and in scientific research. Environ. Pollut. 114627. https://doi.org/
10.1016/j.envpol.2020.114627.

Hausen, B.M., 1986. Contact allergy to woods. Clin. Dermatol. 4, 65–76. https://doi.
org/10.1016/0738-081X(86)90065-9.

Hausen, B.M., 1978. Sensitizing capacity of naturally occurring quinones V. 2.6-
Dimethoxy-p-benzoquinone: occurrence and significance as a contact allergen.
Contact Dermatitis 4, 204–213. https://doi.org/10.1111/j.1600-0536.1978.
tb03790.x.

Hernández, R.E., Pontin, M., 2006. Shrinkage of three tropical hardwoods below and
above the fiber saturation point. Wood Fiber Sci. 3, 474–483.

International Organization for Standardization ISO/CIE, 2019. 11664-4:2019 -
Colorimetry - Part 4: CIE 1976 L*a*b* colour space.

Jankowsky, L., 2017. ‘‘Use of Solid Timber Waste as Potential Raw Material for Novel
Herbal Drugs: Multidisciplinary Research, Development, and Innovation.” Mod.
Appl. Pharm. Pharmacol. 1. https://doi.org/10.31031/mapp.2017.01.000502.

Joshi, O., Grebner, D.L., Khanal, P.N., 2015. Status of urban wood-waste and their
potential use for sustainable bioenergy use in Mississippi. Resour. Conserv.
Recycl. https://doi.org/10.1016/j.resconrec.2015.06.010.

Kamal, K., Qayyum, R., Mathavan, S., Zafar, T., 2017. Wood defects classification
using laws texture energy measures and supervised learning approach. Adv.
Eng. Informatics 34, 125–135. https://doi.org/10.1016/j.aei.2017.09.007.

Klock, U., Muñiz, G.I.B., Hernandez, J.A., Andrade, A.S., 2005. QUÍMICA DA MADEIRA.
Curitiba.

Lima, D.C., de Melo, R.R., Pimenta, A.S., Pedrosa, T.D., de Souza, M.J.C., de Souza, E.C.,
2019. Physical–mechanical properties of wood panel composites produced with
Qualea sp. sawdust and recycled polypropylene. Environ. Sci. Pollut. Res.
https://doi.org/10.1007/s11356-019-06953-7.

Martinez Lopez, Y., Paes, J.B., Gustave, D., Gonçalves, F.G., Méndez, F.C., Theodoro
Nantet, A.C., 2020. Production of wood-plastic composites using cedrela odorata
sawdust waste and recycled thermoplastics mixture from post-consumer
products - a sustainable approach for cleaner production in Cuba. J. Clean.
Prod. 244,. https://doi.org/10.1016/j.jclepro.2019.118723 118723.

https://doi.org/10.1016/j.wasman.2021.03.028
https://doi.org/10.1021/es1009407
https://doi.org/10.1016/j.ijadhadh.2019.03.001
https://doi.org/10.1016/j.polymdegradstab.2015.01.001
https://doi.org/10.1007/s00226-014-0670-z
https://doi.org/10.1179/2047058413Y.0000000119
https://doi.org/10.1179/2047058413Y.0000000119
https://doi.org/10.1016/j.conbuildmat.2019.05.191
https://doi.org/10.1016/j.conbuildmat.2019.05.191
https://doi.org/10.1016/j.conbuildmat.2019.02.114
https://doi.org/10.1016/j.jasrep.2020.102252
https://doi.org/10.1016/j.jasrep.2020.102252
https://doi.org/10.1590/01047760201723042337
https://doi.org/10.1590/01047760201723042337
https://doi.org/10.1016/j.conbuildmat.2017.06.033
https://doi.org/10.1016/j.conbuildmat.2017.06.033
https://doi.org/10.1016/j.matdes.2006.05.015
https://doi.org/10.1515/hfsg.1995.49.5.397
https://doi.org/10.1016/j.wasman.2019.02.005
https://doi.org/10.1016/j.scitotenv.2020.137623
https://doi.org/10.1016/j.jece.2018.11.023
https://doi.org/10.1016/j.jece.2018.11.023
https://doi.org/10.1016/0895-7177(93)90014-P
https://doi.org/10.1016/0895-7177(93)90014-P
https://doi.org/10.1016/j.ufug.2018.12.009
https://doi.org/10.1016/j.ufug.2018.12.009
https://doi.org/10.1016/j.envpol.2020.114627
https://doi.org/10.1016/j.envpol.2020.114627
https://doi.org/10.1016/0738-081X(86)90065-9
https://doi.org/10.1016/0738-081X(86)90065-9
https://doi.org/10.1111/j.1600-0536.1978.tb03790.x
https://doi.org/10.1111/j.1600-0536.1978.tb03790.x
http://refhub.elsevier.com/S0956-053X(21)00170-7/h0165
http://refhub.elsevier.com/S0956-053X(21)00170-7/h0165
https://doi.org/10.1016/j.aei.2017.09.007
https://doi.org/10.1007/s11356-019-06953-7
https://doi.org/10.1016/j.jclepro.2019.118723


Luiz Fernando Pereira Bispo, Adriana Maria Nolasco, Elias Costa de Souza et al. Waste Management 126 (2021) 351–359
Matsuo, M., Yokoyama, M., Umemura, K., Sugiyama, J., Kawai, S., Gril, J., Kubodera,
S., Mitsutani, T., Ozaki, H., Sakamoto, M., Imamura, M., 2011. Aging of wood:
analysis of color changes during natural aging and heat treatment.
Holzforschung 65, 361–368. https://doi.org/10.1515/HF.2011.040.

Matsushita, A.K., Gonzalez, D., Wang, M., Doan, J., Qiao, Y., McKittrick, J., 2020.
Beyond density: Mesostructural features of impact resistant wood.
Mater. Today Commun. 22, 100697. https://doi.org/10.1016/j.mtcomm.
2019.100697.

Meira, A.M. de, 2010. Gestão de resíduos da arborização urbana. Biblioteca Digital
de Teses e Dissertações da Universidade de São Paulo, Piracicaba. https://doi.
org/10.11606/T.11.2010.tde-19042010-103157.

Muñiz, G.L.B. d., Coradin, V.T.R., 1992. Normas de procedimentos em estudos de
anatomia de madeira: II. Gimnospermae, LPF, Série Técnica.

National Center for Biotechnology Information, 2020. PubChem Database. 2,6-
Dimethoxy-1,4-benzoquinone. CID=68262. [WWW Document]. URL https://
pubchem.ncbi.nlm.nih.gov/compound/2_6-Dimethoxy-1_4-
benzoquinone#section=Hazard-Classes-and-Categories (accessed 6.29.20).

Nishino, Y., Janin, G., Yainada, Y., Kitano, D., 2000. Relations between the
colorimetric values and densities of sapwood. J. Wood Sci. 46, 267–272.
https://doi.org/10.1007/BF00766215.

Njati, S.Y., Maguta, M.M., 2019. Lead-based paints and children’s PVC toys are
potential sources of domestic lead poisoning – a review. Environ. Pollut.
https://doi.org/10.1016/j.envpol.2019.03.062.

Nolasco, A.M., 2014. Gerenciamento de resíduos na indústria de pisos de madeira,
1st ed. ANPM, Piracicaba.

Nowak, D.J., Greenfield, E.J., Ash, R.M., 2019. Annual biomass loss and potential
value of urban tree waste in the United States. Urban For. Urban Green. 46,.
https://doi.org/10.1016/j.ufug.2019.126469 126469.

Pérez-Arévalo, J.J., Velázquez-Martí, B., 2018. Evaluation of pruning residues of Ficus
benjamina as a primary biofuel material. Biomass Bioenergy 108, 217–223.
https://doi.org/10.1016/j.biombioe.2017.11.017.

Piaget, Jean, 1972. Psychology and Epistemology: Towards a Theory of Knowledge.
Piaget, J., 1995. Abstração reflexionante: Relações lógico-aritméticas e ordem das

relações espaciais (F. Becker & PBG da Silva, Trads.).
Piaget, J., 1968. Six Psychological Studies, David Elki. ed.
Polizel, J.L., 2009. Geotecnologias e clima urbano: aplicação dos recursos de

sensoriamento remoto e sistema de informações geográficas na cidade de
Piracicaba, SP. Biblioteca Digital de Teses e Dissertações da Universidade de São
Paulo, São Paulo. https://doi.org/10.11606/T.8.2009.tde-05022010-101157.

Sarto, C., Sansigolo, C.A., 2010. Cinética da remoção dos extrativos da madeira de
Eucalyptus grandis durante polpação Kraft. Acta Sci. - Technol. 32, 227–235.
https://doi.org/10.4025/actascitechnol.v32i3.4237.

Schott, N., El-Rajab, I., Klotzbier, T., 2016. Cognitive-motor interference during fine
and gross motor tasks in children with Developmental Coordination Disorder
(DCD). Res. Dev. Disabil. 57, 136–148. https://doi.org/10.1016/j.
ridd.2016.07.003.
359
Silva, C., Branco, J.M., Camões, A., Lourenço, P.B., 2014. Dimensional variation of
three softwood due to hygroscopic behavior. Constr. Build. Mater. 59, 25–31.
https://doi.org/10.1016/j.conbuildmat.2014.02.037.

Silvério, F.O., Barbosa, L.C.A., Maltha, C.R.A., Fidêncio, P.H., Cruz, M.P., Veloso, D.P.,
Milanez, A.F., 2008. Effect of storage time on the composition and content of
wood extractives in Eucalyptus cultivated in Brazil. Bioresour. Technol. 99,
4878–4886. https://doi.org/10.1016/j.biortech.2007.09.066.

Singh, J., Laurenti, R., Sinha, R., Frostell, B., 2014. Progress and challenges to the
global waste management system. Waste Manag. Res. 32, 800–812. https://doi.
org/10.1177/0734242X14537868.

Sonderegger, W., Kránitz, K., Bues, C.T., Niemz, P., 2015. Aging effects on physical
and mechanical properties of spruce, fir and oak wood. J. Cult. Herit. 16, 883–
889. https://doi.org/10.1016/j.culher.2015.02.002.

Team, R.C., 2020. R: A language and environment for statistical computing.
Terra, M.R., 2017. O desenvolvimento humano na teoria de Piaget [WWW

Document]. UNICAMP. URL https://www.unicamp.br/iel/site/alunos/
publicacoes/textos/d00005.htm (accessed 4.6.20).

Theapparat, Y., Khongthong, S., Rodjan, P., Lertwittayanon, K., Faroongsarng, D.,
2019. Physicochemical properties and in vitro antioxidant activities of
pyroligneous acid prepared from brushwood biomass waste of Mangosteen,
Durian, Rambutan, and Langsat. J. For. Res. 30, 1139–1148. https://doi.org/
10.1007/s11676-018-0675-9.

Tirkolaee, E.B., Abbasian, P., Weber, G.-W., 2021. Sustainable fuzzy multi-trip
location-routing problem for medical waste management during the COVID-19
outbreak. Sci. Total Environ. 756, 143607. https://doi.org/10.1016/j.
scitotenv.2020.143607.

Tirkolaee, E.B., Mahdavi, I., Esfahani, M.M.S., Weber, G.-W., 2020. A robust green
location-allocation-inventory problem to design an urban waste management
system under uncertainty. Waste Manag. 102, 340–350. https://doi.org/
10.1016/j.wasman.2019.10.038.

Tirkolaee, E.B., Mahdavi, I., Mehdi Seyyed Esfahani, M., 2018. A robust periodic
capacitated arc routing problem for urban waste collection considering drivers
and crew’s working time. Waste Manag. 76, 138–146. https://doi.org/10.1016/j.
wasman.2018.03.015.

TTA, T.T.A., 2020. Global Sales Data [WWW Document]. URL https://
www.toyassociation.org/ta/research/data/population/toys/research-and-
data/data/global-sales-data.aspx (accessed 4.28.20).

UNE-EN, 2011. 15886:2011 - Conservation of cultural property. Test methods.
Colour measurement of surfaces.

Vale, A.T. do, Sarmento, T.R., Almeida, A.N., 2005. Wood branches characterization
and use of the lity of brazilia urban trees. Ciência Florest. 15, 411–420.

Wheeler, E., Baas, P., Gasson, P., 1989. IAWA list of microscopic features for
hardwood identification.

Wilson, D.C., Velis, C.A., Rodic, L., 2013. Integrated sustainable waste management
in developing countries. Proc. Inst. Civ. Eng. Waste Resour. Manag. 166, 52–68.
https://doi.org/10.1680/warm.12.00005.

https://doi.org/10.1515/HF.2011.040
https://doi.org/10.1016/j.mtcomm.2019.100697
https://doi.org/10.1016/j.mtcomm.2019.100697
https://pubchem.ncbi.nlm.nih.gov/compound/2_6-Dimethoxy-1_4-benzoquinone%23section%3dHazard-Classes-and-Categories
https://pubchem.ncbi.nlm.nih.gov/compound/2_6-Dimethoxy-1_4-benzoquinone%23section%3dHazard-Classes-and-Categories
https://pubchem.ncbi.nlm.nih.gov/compound/2_6-Dimethoxy-1_4-benzoquinone%23section%3dHazard-Classes-and-Categories
https://doi.org/10.1007/BF00766215
https://doi.org/10.1016/j.ufug.2019.126469
https://doi.org/10.1016/j.biombioe.2017.11.017
https://doi.org/10.4025/actascitechnol.v32i3.4237
https://doi.org/10.1016/j.ridd.2016.07.003
https://doi.org/10.1016/j.ridd.2016.07.003
https://doi.org/10.1016/j.conbuildmat.2014.02.037
https://doi.org/10.1016/j.biortech.2007.09.066
https://doi.org/10.1177/0734242X14537868
https://doi.org/10.1177/0734242X14537868
https://doi.org/10.1016/j.culher.2015.02.002
https://www.unicamp.br/iel/site/alunos/publicacoes/textos/d00005.htm
https://www.unicamp.br/iel/site/alunos/publicacoes/textos/d00005.htm
https://doi.org/10.1016/j.scitotenv.2020.143607
https://doi.org/10.1016/j.scitotenv.2020.143607
https://doi.org/10.1016/j.wasman.2019.10.038
https://doi.org/10.1016/j.wasman.2019.10.038
https://www.toyassociation.org/ta/research/data/population/toys/research-and-data/data/global-sales-data.aspx
https://www.toyassociation.org/ta/research/data/population/toys/research-and-data/data/global-sales-data.aspx
https://www.toyassociation.org/ta/research/data/population/toys/research-and-data/data/global-sales-data.aspx
https://doi.org/10.1680/warm.12.00005

	Valorizing urban forestry waste through the manufacture of toys
	1 Introduction
	2 Material and methods
	2.1 Study site and sampling of waste from urban forestry species
	2.2 Visual characterization of wood waste
	2.3 Physicochemical and mechanical characterization of wood waste from urban pruning
	2.4 Product concept to be developed
	2.5 Analysis of the acceptance of toys by parents and children
	2.6 Data analysis

	3 Results and discussion
	3.1 Visual characterization of wood waste
	3.2 Physical and mechanical characterization of wood waste
	3.3 Chemical characterization of wood wastes
	3.4 Acceptance of toys by parents, children and teachers
	3.5 Practical and policy implications and future perspectives

	4 Conclusion
	Declaration of Competing Interest
	Appendix A Supplementary material
	References


