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Abstract

This research work it is a case study that aimed to survey the main contaminants of urban wooden waste.
The wood wastes were analyzed according to Brazilian standards and assays from literature. The
woodchips were rated as Class Il B - inert, according to the health and environmental recommendations
of the Brazilian Association of Technical Standards (ABNT). The contamination with nails, screws, hinges
and plastics was less than 1% of the dry mass of the waste. The contamination rate per mineral ranges
from 10.7% for medium-density fiberboard (MDF) waste, to 25% for particleboard. Among the batch of
analyzed wastes there was no trace of wood treated with CCA or CCB. Hence, some new quantitative
indicators were obtained for contamination of wood wastes coming from urban areas, assisting in the
choice of their use or in the final destination.

Keywords: Wood contaminant; Urban wood waste; Treated timber.

Resumo

Este trabalho é um estudo de caso que objetivou levantar os principais contaminantes de residuos
urbanos de madeira. Os residuos de madeira foram analisados segundo padrdes brasileiros e ensaios
da literatura. Os cavacos de madeira foram classificados como Classe Il B - inerte, de acordo com as
recomendac¢des de saude e ambientais da Associacdo Brasileira de Normas Técnicas (ABNT). A
contaminag¢do com pregos, parafusos, dobradicas e plasticos foi inferior a 1% da massa seca do residuo.
A taxa de contaminacdo por minerais variou de 10,7% para residuos de painéis de fibras de média
densidade (MDF), até 25,0% para painéis de particulas. Entre os lotes de residuos analisados ndo foram
observados vestigios de madeira tratada com CCA ou com CCB. Assim, foram obtidos novos indicadores
quantitativos, para avaliar a contaminacdo de residuos de madeira provenientes da area urbana,
auxiliando na escolha do uso ou no destino final de tais residuos.

Palavras-chave: Contaminante de madeira; Residuos urbanos de madeira; Madeira tratada.

INTRODUCTION

The use of the biomass wastes as by-products and no more as residues tend to be an
alternative to generate revenues and reduce environmental impacts, either in the industry, or
more recently, in the public sector. Brazil opened a new field of opportunities, since approval
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of the Federal Law 12.305 (Brasil, 2010) that established the National Policy on Solid Waste.
Those materials that have been discarded in landfill sites and derelict land now might be useful
as an energy source.

Among the countless materials discarded in an urban environment are papers, plastics,
metals, glasses; and one that can be emphasized is wooden waste, either from enterprises,
government offices or population. This wooden material differs from others mainly by its
renewable nature and its energetic potential.

Joshietal. (2015) referred to the term “urban wood wastes” as wooden pallets and
shipping containers, construction and demolition wood, and woods that are usually contained
in other urban solid wastes. According to Andrade et al. (2017), the most common features of
the wood residues are the low moisture content, typically from 7 to 15%, reflecting the
hygroscopic moisture content of the region, and the high probability of containing other
materials than wood, such as additives, metals or adhesives (U.S. Environmental Protection
Agency, 2010). Furthermore, Bouslamti et al. (2012) reported the possibility of some wood to
be contaminated by hazardous materials such as preservatives and heavy metals.

Wooden wastes also have been contaminated by concrete, mortar, ferrous and non-
ferrous metals (Brasil, 2009), soil, plaster, asbestos, paper, cardboard, wallpapers, waxes, oils,
paints, varnishes, glues, adhesives, fire retardants and water (Remade Scotland, 2004). The
estimation of the degree of contamination of these residues is crucial when it is destined for
energy purposes. In addition, the growing demand for renewable energy sources
corroborates the characterization studies of this biomass (Khudyakova et al., 2017).

The leftovers of cement and mortar adhered to the wood usually present high mineral
content, coming from the civil construction sector, increasing the wear of cutting tools
(Souza et al., 2009). This high level of minerals also affects the reduction of the calorific power
(Brand, 2010) by increasing the amount of ashes in the combustion process (Krook et al., 2004;
Brand, 2010) and in corrosion problems in metallic equipments (Brand, 2010). Nails, screws
and hinges can also damage tools and machines and must previously be removed.

Other contaminants than those mentioned (mechanically removable), are those
chemically linked to the wood structure, e.g. some heavy metals (Nzihou & Stanmore, 2013).
These chemical contaminations come from the use of chemical solutions for surface finishing
and industrial wood preservatives, such as arsenic, chromium, copper, zinc, mercury and lead,
which were widely used throughout the 20" century (Nilsson & Jermer, 1999). Atkins &
Donovan (1996) also reported the presence of aluminum, titanium and manganese in the
urban wooden waste.

Among the currently used industrial wood preservatives, Vidal et al. (2015) mentioned
the chromated copper arsenate (CCA), the chromated copper borate (CCB) and to a lesser
degree the creosote. CCA is the most used preservative in the world; it is commonly used for
outdoor structures, such as telegraph poles, decking and fencing, landscaping and building
structures, playground equipment, and marine structures (Liu et al., 2019).

Many specialists reported that treated wooden residues are the most important sources
of pollution. Frick et al. (2019) highlighted the attention to the potentially negative impact of
the CCA on the environment and on health related to its concentration. For Jones et al. (2019),
this type of treated wood can be found in many recycling plants and might cause an important
contamination. Koyano et al. (2019) warned of the difficulties to identify those treated woods
in the waste stream, reinforcing the importance of identification and using effective screening
methods.

The aim of this work was to identify the main contaminants in the urban wooden waste,
in a case study of a waste recycling plant.
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MATERIALS AND METHODS

Material and sampling

The collection site was a construction building waste recycling plant, receiving additionally
wood from other sectors collected by the waste dumping services of the town of Piracicaba,
SP/Brazil.

The sampling was done according to the Brazilian standard NBR 10007 (Associagdo
Brasileira de Normas Técnicas, 2004c). 240 samples of construction solid wood waste and 240
of panel waste were collected. Figure 1 shows the waste pile of sampling.

Figure 1. Sampling location.

Classification of the potential risks to the environment and the human health

To conduct the analysis, a representative sample of solid wooden waste of 5 kg and 5 kg
of panels was used. The classification of the solid residues was conducted according to the
methods described in the Brazilian NBR 10004 (Associacao Brasileira de Normas Técnicas,
2004d), with regards to the process or activity that gave origin to them, of its components and
features, with listings of waste and substances whose impact on health and the environment
is known.

The reagents used for this respective analysis were: Distilled, deionized and organic free
water; Hydrochloric acid (HCL) p.a., 1.0N .; Nitric acid (HNO3) p.a., 1.0 N.; Sodium hydroxide
(NaOH) p.a., 1.0 N.; Glacial acetic acid (HOAc) p.a. Using visual inspection, the presence of
metallic and non-metallic materials that were adhered to the surface of the samples was
verified. The removal of these materials was done manually using hammer and pliers.

The procedures for analysis of the leached extract followed the NBR 10005 (Associa¢do
Brasileira de Normas Técnicas, 2004a), which says: class | - Hazardous; and class Il - non-
Hazardous; as indicative of its potential polluter. The mixture consisted of a dry sample mass
of 100 g and mixed with 2000 mL of the extraction solution. This mixture was kept under
stirring for 18 (+/- 2) hours at 25 °C. Thereafter the leached compound was extracted by
vacuum using a filter with a porosity between 0.6 to 0.8 micrometers prior to chemical
analysis.

The solubility test was done according to the NBR 10006 standard (Associacao Brasileira
de Normas Técnicas, 2004b), which aims to rank in class Il A - not Inert and class Il B - Inert, as
indicative of the pollution potential. The test was performed using a 250 g (dry base) sample
of the residue in a 1500 mL vial and mixed with 1000 mL of distilled water, then the solution
was filtered and analysis of the solubilized extract was performed using an atomic absorption
spectrophotometer.
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Characterization of mechanically removable contaminants

Metallic and non-metallic objects

Aiming to identify and to quantify the presence of external contaminants adhering to the
wood, like nails, screws, hinges and plastics, 480 samples were collected. The extracted
contaminants were weighed with a sensitivity of 0.001g and the results expressed in
percentage of contaminants relative to the weight of the dry sample.

Mineral contaminants

The ratio of adhered mineral contaminants was determined according to the ashes
content of the samples as described by the Brazilian standard NBR 8112 (Associacdo Brasileira
de Normas Técnicas, 1986), by completely burning the material at 700 ° C in muffle, after which
the remaining is ash.

The protocol described by Brito & Ceribelli (2012) was adapted to ascertain the mineral
contaminant content. For each of the six residues types a composite sample was made, of
which 10 grams of wood were used and sieved on a 20 mesh (0.841 mm) and retained on a 40
mesh (0.420 mm). The samples were placed in a beaker of 250 mL, previously filled with 200
mL of distilled water. The suspension was stirred for a minute and left to rest for two minutes.
In a next step, the supernatant material in solution was collected and dried up to constant
weight. The ashes free from external contaminants were obtained according to the standard
NBR 8112 (Associacdo Brasileira de Normas Técnicas, 1986). All procedures were done in three
replications.

The contamination rate was determined using the Equation 1.

Txcont = w x100 (1 )
TCzt

in which: Txcont = contamination rate (%). TCzt = total ashes content (wood ash + contaminant
ashes) (%). TCzm = material ash content (free of external contaminant) (%).

Identification of treated wood

The identification test of treated wood was applied for solid wood, as far as the industry
does not use treated wood as raw material for panels.The samples were submitted to
colorimetric test with the chemical reagent Cromazurol S®, which visually accuses the
presence of CCA or CCB and especially of Cu, since it detects the presence of Cu very
accurately. Since natural wood does not contain high levels of Cu, a positive stain resultimplies
that the wood has been treated with Cu.

The positively tested samples were subsequently submitted to penetration and retention
tests, according to NBR 6232 (Associacdo Brasileira de Normas Técnicas, 2013). The
penetration test was performed by colorimetric reactions using the chemical reagent
Cromazurol S®, which indicates the presence of CCA or CCB in the samples. Due to the
presence of copper in the detector, a reaction occurs between the chromium of the substance
chromoazurol S® and the copper of preservatives CCA and CCB, causing the wood to turn a
dark blue color. The retention test was performed using a 30 mesh (0.595 mm) milled sample
and analyzed by an X-ray spectrometer.

Statistical analysis

The data analysis of the variance (ANOVA) used a completely randomized design with
three replicates per waste treatment. The Turkey test was applied to compare multiple means.
All analyses were performed to 95% of confidence using the Minitab16.1® software and the
Action Stat add on Microsoft Excel.
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RESULTS AND DISCUSSION

The results by kind of material, dry mass and its percentage and moisture content are
shown in Table 1.

Table 1. Number of collected samples, dry mass and waste moisture content.

Residue n DM (g) Min. H(%) Max. H (%) Mean H (%)
Solid Wood 240 68,846. [56] 1.96 37.39 12.26 (34.07)
Plywood 92 28,541.6 [23] 4.64 32.50 12.73 (34.32)
Chipboard 23 5,324.3 [4] 8.73 31.45 13.93 (31.16)
MDF 76 12,487.8 [10] 9.13 37.51 15.00 (28.86)
0SB 20 3,989.3 [3] 6.08 24.03 11.01 (40.01)
Hardboard 29 4,524.9 [4] 6.27 12.83 10.24 (42.85)
Total 480 123,714.6 [100] - - 12.69 (33.87)

Wherein: MDF: Medium Density Fiberboard. OSB: Oriented Strand Board. N: number of samples. DM: dry mass. Min.
H: minimum moisture content basis. Max. H.: maximum moisture content basis. Mean H. Mean of moisture content
basis. The values between [ ] represent the percentage of dry mass of each residue relative to the total collected. Values
between () are the coefficient of variation (%).

Table 1 shows that 56% of the samples were from solid wood and 44% from panels.
Within the panel category, plywood was the largest ratio with 23%. This is possibly due to the
fact that these materials were mainly used in the construction sector, which is a great source
of waste of the recycling unit - where the sample came from in this research.

The average moisture content in all 480 samples was 12.69%. This value is within the
range reported for moisture wooden waste of urban origin, ranging from 7 to 20% (Atkins &
Donovan, 1996). These results are similar to those reported by Farage etal. (2013), in
researching wood waste from a center of furniture production, where the moisture content
observed was17.8% for solid wood, 10.3% for chipboard and 9.8% for MDF.

The average moisture contents obtained in this study are close to the mean of
equilibrium moisture of the town of collection (Piracicaba-SP/Brazil); around 12.9% (Jankowsky
& Galina, 2013). Such a value is relatively low and even desirable according Brand (2010),
because the lower the moisture content the higher is the energy efficiency, since the material
does not require pre-drying.

Remade Scotland (2004) reported the interesting fact that moisture can be considered a
contaminant for some end-users, as for wood fuel production, where an additional process
could be necessary to remove the moisture excess.

Classification of the potential risks to the environment and human health

Results of the methods and procedures described in NBR 10004 (Associacao Brasileira de
Normas Técnicas, 2004d).

Physical Characteristics: moisture 3.42%, pH (solution1:1) 5.77; Cyanide and Sulfide < 1.0
mg.kg"; Phenol < 3.0 mg.kg™; Flash point > 60 °C.

Leaching compound analysis.

In the analysis of chemical leached components Barium and Fluoride were detected, with
concentrations of 0.010 mg.L" and 1.80 mg.L™", respectively. Both parameters were lower than
the maximum allowed by the standard NBR 10004 (Associacdo Brasileira de Normas Técnicas,
2004d), that is 70 mg.L" and 150 mg.L™, respectively. Arsenic, Cadmium, Lead, Total Chrome,
Mercury, Silver and Selenium contents were lower than the detection limit values reported by
the standard.

The presence of pesticides was also analyzed (Aldrin + Dieldrin; Chlordane; DDT; 2,4-D;
Endrin; Heptachlor and Epoxy; lindane; methoxychlor; pentachlorophenol; toxaphene; 2,4,5-
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T; 2,4,5-TP) and other compounds (Benzene; Benzo (a) pyrene; Vinyl chloride; Chlorobenzene;
chloroform; Total Cresol; o-Cresol; m-Cresol; p-Cresol; 1,4-Dichlorobenzene; 1,2-
Dichloroethane; 1,1-Dichloroethylene; 2,4-dinitrotoluene; hexachlorobenzene;
hexachlorobutadiene; hexachloroethane; methyl ethyl ketone; nitrobenzene; pyridine;
Carbon tetrachloride; tetrachlorethylene; Trichloroethylene; 2,4,5-Trichlorophenol; 2,4,6-
Trichlorophenol). However, the results for all these compounds were lower than the detection
limit values set by the standard NBR 10004 (Associa¢ao Brasileira de Normas Técnicas, 2004d).

Solubilization analysis:

The solubilization extract was obtained according to the guidelines of the NBR 10006
(Associacao Brasileira de Normas Técnicas, 2004b) (Waste Dissolving).

In the analysis of dissolved extract were detected: Aluminum (0.03 mg.L".), Chlorides
(11.3 mg.L™.), Iron (0.040 mg.L™.), Fluoride (0.13 mg.L".), Manganese (0.026 mg.L".), Sodium
(6.8 mg.L".), Sulphates (11.2 mg.L".) and Zinc (0.20 mg.L™.), all of these parameters were lower
than the maximum allowed by the standard NBR 10004 (Associacdo Brasileira de Normas
Técnicas, 2004d).

It also showed low detection limits of the following compounds: Arsenic, Barium,
Cadmium, Lead, Cyanides, Copper, Total Chromium, Mercury, Nitrate (as N), Silver, Selenium
Surfactants, Phenols Total, and pesticides: Aldrin + Dieldrin, Chlorodane, 2,4-D, DDT, Endrin,
Lindane, Methoxychlor, Toxaphene, Heptachlor and its epoxy, Hexachlorobenzene, 2,4,5-T,
2,4,5-TP.

From the analysis made in the leachate extract and solubilized extract, none of the
parameters exceeded the limits stipulated by the Brazilian NBR 10004 standard. Thus,
according to the Norm, wooden waste can be classified as Class Il B - Inert, allowing the
conclusion that, for the wooden wastes that were analyzed in this research, no chemicals were
detected in its composition in sufficient concentration to cause risks to health and the
environment, which in turn gives subsidy to new areas of research aimed at using the residues
for energy.

Metallic and non-metallic objects:

The results for the different types of solid contaminants adhering to wood residues are
shown in Figure 2.

m Nails m Hinges Screws mPlastic mStaples

‘ - ‘ B
SOLID O

LI wWOoOoD CHIPBOARD HARDBOARD PLYWOOD MDF OSB

0.27

0.21

0.0

0.0

Figure 2. Distribution of mechanically removable contaminants in relation to dry matter percentage of
wood.
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Solid wood, plywood and OSBwastes present the largest nail percentages, with
respectively, 0.86%, 0.63% and 0.21%. The widespread use of nails, employed in fixing planks,
scaffolding, shoring and box manufacturing, among others, might explain why it is the most
common contaminant in solid wood waste and plywood.

Even though the percentage of nails is relatively low, it remains a nuisance for those who
work with these materials. Indeed, the decontamination of the wood from these objects
requires energy expenditure, whether by mechanical or magnetic action and consequently
involves costs. On the other hand, these ferrous contaminants can readily be sold for the
recyclable materials market.

Screws represented 0.68% of the mass of MDF waste, i.e., in a 12 kg waste 84.9 g of screws
was found. In general, discarded old furniture had the highest rate of screws in MDF waste.

The third most significant contaminant was the hinges, only found on hardboard waste.
Plastic contaminants and staples were also detected, however, in a very small amount.

Regarding the quantity of externally adhered contaminants, 12.38 g of hinges were found
in hard plate panels; 9.38 g of staples in solid wood residues; 118.49 g of screws from MDF,
chipboard, plywood and solid wood panels; 2.44 g of plastic obtained from MDF and solid
wood panels and 777.2 g of nails that were adhered to plywood, OSB and solid wood panels.

It is observed that the volume found for the different types of external contaminants was
relatively low. Nevertheless, a suggestion for those cases where there are large quantities of
these contaminants adhered to the wooden wastes would be to remove them and send them
for recycling, with a possibility to generate some economic return from it and at the same time
to mitigate possible environmental damages to these associated materials.

Mineral contaminants

The average values for the total ashes content, wood ashes, contaminant ashes and
external contamination ratios are shown in Table 2.

Table 2. Total ashes content, wood ashes, contaminant ashes and external contamination rate.

Average values (%)

Waste TCzt TCzm TCzcont Txcont
Massive Wood 0.89 C (0.05) 077 ¢ (0.05) 0.12 b (0.01) 14.3 ab  (1.25)
Plywood 2.09 a (0.23) 1.61 a (0.15) 049 a (0.08) 22.96 ab  (1.26)
Chipboard 096 ¢ (0.06) 072 ¢ (0.04) 0.24 ab (0.03) 25.1 a (1.73)
MDF 1.77 ab  (0.19) 158 a (0.13) 0.19 b (0.07) 10.12 b (3.10)
0OSB 1.20 bc  (0.05) 1.06  bc (0.04) 0.14 b (0.02) 11.84 ab  (1.27)
Hardboard Waste 1.76  ab  (0.03) 149 ab (0.12) 0.26 ab (0.10) 15.46 ab  (5.56)

TCzt: total ashes content. TCzm: ashes content of wood free of external contaminant. TCzcont: Ashes content of wood
with external contaminant. Txcont: Rate of external contamination. Values between brackets () are the Standard Error.

Table 2 shows that the major mineral contamination is associated with plywood (22.9%)
and chipboard (25%), which means that almost a quarter of all the minerals present in these
residues come from external sources. These values are similar to those obtained by Brand
(2010), studying various types of wood waste which resulted in the following ashes content:
pine chip from sawmill 1.87%; pine sawdust 1.13%. Pincelli (2011) analyzed residues from pine
and eucalyptus forest harvesting and found ash contents of 0.53% and 0.98% respectively.
Lopes (2012) obtained ash content of 1.1% in a mixture of pine and eucalyptus waste and
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1.44% for mixture of waste panels, old furniture and construction wood. Zau et al. (2014)
studied Amazonian wood waste and obtained an average ash content of 1.72%.

According to Brand (2010), the ash content, either natural or contaminated, estimated by
in immediate analysis is crucial because of two reasons: the ash is not burnt, remaining at the
processing site and it may need disposal; it can be abrasive and corroding metal equipment.

Detection of treated wood

The detection of treated wood in the solid wood samples was performed by colorimetric
test with the Cromazurol S® reagent.

From the examined samples, only 25 changed their color, from a natural color for staining
to a blueish to purple. Figure 3 shows the samples before and after the colorimetric test, in
which a sample was purposely inserted to indicate the comparative effect.

Figure 3. Samples submitted to a colorimetric test. (A) before the test and (B) after the test. The sample
that presented a positive result to the colorimetric test was inserted to allow the comparative effect.

The color changing induced by the chemical reagent, gives a clue if the samples should
be submitted to the penetration and retention tests according to NBR 6232 (Associa¢do
Brasileira de Normas Técnicas, 2013). The penetration and retention test was performed on
the 25 samples and the presence of CCA and CCB was not observed.

The fact that the samples had presented a color change by colorimetric assay does not
necessarily mean the presence of preservative solutions. In this case, it most likely occurred
due to a reaction between the extractable wood components with the Cromazurol molecule.
It may also be linked to the presence of iron hydroxide and zinc chloride; corrosive products
which are usually present in the waste samples. Nevertheless false positives cases to other
elements, less likely in the sample sites, might exist; such as cobalt, tin, nickel, tributyl tin oxide
(TBTO) and sodium chloride.

CONCLUSIONS

According to NBR 10004 (Associacdo Brasileira de Normas Técnicas, 2004d) the wood
analyzed in this research work were classified as Class Il B - Inert. Contamination by nails,
screws, plastics and hinges occurred in low percentages in comparison with the dry mass of
wastes. The contamination rate by mineral was evaluated for all residues, and the highest
content was obtained for agglomerates and plywood, with respectively 25 and 22.9%. There
was no presence of treated wood with CCA or CCB in the specimens evaluated.
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