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Copper chrome arsenate (CCA) water-borne solution used to make timber is highly resistant to pests and fungi, in
particular, wood products designed for outdoor use. Nowadays, CCA is a restricted chemical product in most countries,
since potential environmental and health risks were reported due to dermal contact with CCA residues from treated
structures and the surrounding soils. However, large quantities of CCA-treated timber are still in use in framings, outdoor
playground equipment, landscaping, building poles, jetty piles, and fencing structures around the world, thus CCA remains
a source of pollutants to the environment and of increasing toxic metal/metalloid exposure (mainly in children).
International efforts have been dedicated to the treatment of materials impregnated with CCA, however not only does
some reuse of CCA-treated timber still occur, but also existing structures are leaking the toxic compounds into the
environment, with impacts on the environment and animal and human health.
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| 1. Introduction

Oxides of hexavalent chromium (47.5%), copper (18.5%), and inorganic arsenic (34%) are mixed in water to prepare a
preservative of wood, known as chromated copper arsenate (CCA) W[, CCA is used to protect wood or wood products
and timber from insects, pests, and microbes by layering its fine green coating around wood or wood products that are
used for indoor or outdoor purposes. In CCA, chromium, a transition metal, has no wood preservative properties. It acts
as an agent to fix chemicals or their complexes in the timbers or wood by their binding with polysaccharides, i.e., lignin
and cellulose. It is a very slow reaction process as the fixation of CCA with wood takes several weeks. Copper, another
transition element, is primarily responsible for protecting the wood against decay by the action of microorganisms, such as
bacteria and fungi. Arsenic, a metalloid, exhibits insecticidal properties. Arsenic also provides timber resistance to weather
conditions, along with increased adherence of paint over a longer period &I,

Wood products treated with CCA were found to have an adverse impact on the environment and human health, due to
leaching and accumulation of these metals/metalloid, especially arsenic, from the wood into the environment (Figure 1).
Decaying materials leach them into soils and waters, which may negatively impact food production or farming, and animal
and human health. The affected tissues may include the brain, lungs, liver, stomach, spleen, kidneys, and reproductive
organs MEIEIEINNG The US EPA in 2003, therefore, agreed to reduce its use by adding only a minimum amount of
arsenic to CCA 4. |n addition, CCA-impregnated wood products have been restricted to use either for burning or as
equipment, such as decks, fences, landscaping features, patios, picnic tables, piling retaining structures, poles, on the
playground and walkways 12, However, such limitations for CCA use and application have not yet been set in some other
countries, such as China. The toxic properties of many compounds of arsenic and chromium are known and extensively
revised, but relatively limited information is available regarding the toxicology of CCA &I,
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Figure 1. General overview of the potential
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environmental and human health impacts of chromated copper arsenate (CCA)-treated wood.

| 2. Removal of CCA

The concern with the disposal of wood residues treated with CCA has grown due to the risk of environmental
contamination. Open burning of CCA-treated wood products has shown to emit 11-14% of the total arsenic content into
the atmosphere (in contrast with chromium and copper, emissions of which contain less than 1% of the total), with the
remaining arsenic in the residual ash. Moreover, the identified oxidation states of the CCA components in the particulate
matter were As (lll) and As (V), Cr (lll), and Cu (I) and Cu (Il), suggesting that open burning of CCA-treated wood may be
the origin of the more toxic trivalent form of As in inhalable particulates. Acute and chronic arsenicism have been
described due to burning of CCA-treated wood [13l). Consequently, the USA Consumer Product Safety Commission has
recommended to not burn CCA-treated timber 14l Thus, the release of CCA-treated wood components is an increasing
environmental concern and strategies to remove copper, chromium, and arsenic from treated waste wood are required for
economic and environmental purposes. By using effective methodologies to remove components, wood fibers can be
recycled into composite products.

CCA-treated wood presents chromium in largest proportion, making it the main challenge in the extraction process, as
chromium has the strongest affinity to wood lignin, so it is the most resistant to extraction 221,

Several approaches have been used to remove CCA components from treated wood; acid extraction with citric, acetic,
formic, oxalic, nitric, or sulfuric acids are the most common approaches 15, Acid extractions are usually combined with
steam explosions, bacteria or fungi that can tolerate the high levels of metals present in CCA-treated wood. In fact, the
most efficient strategies in removing CCA involve combined methods.

Claus and co-workers 28] tested the wash off of CCA from treated wood using oxalic acid extraction, steam explosion and
bacterial fermentation with Bacillus licheniformis CCO1. Steam explosion as a mean of opening the chemical structure of
wood for releasing copper, chromium, and arsenic demonstrated low applicability 2. One of most efficient methods is the
chemical fiber modification with oxalic acid, which eliminates 62—-89% of copper, chromium, and arsenic from CCA-treated
wood scobs. In addition, these authors have also combined some microbial and mechanical methods to remove all
components of CCA from treated wood 4. The combination of steam explosion with further oxalic acid extraction or
bacterial fermentation showed a lower release of components from treated wood, with values of 35% depletion in
chromium, whilst values were almost null when using the oxalic acid extraction per se. In relation to the extraction with
oxalic acid as a precursor to Bacillus licheniformis CC01 fermentation, high values of removal were obtained (90% copper
(Cu0), 80% chromium (CrO3), and 100% arsenic (As,0s)), which make it the most efficient treatment combination to clear
relevant amounts of metals from CCA-chipped wood. In another study with CCA-treated wood wafers, Clausen and co-
workers (8] found that 18 h exposure to oxalic acid provided a most favorable release of copper, chromium and arsenic
from CCA-treated wood. The reductions of 78% copper, 97% chromium and 93% arsenic were obtained using 0.80% acid
extraction combined with culture of Bacillus licheniformis CC01 118!,



The microbial conversion of CCA-treated wood has been also achieved by brown rot fungi of the genera Antrodia and
Meruliporia, recognized for their tolerance to copper and generation of high levels of oxalic acid. The great generation of
oxalic acid enhances the acidity of the substrate, promoting the solubility of chromium and arsenic; this can be applied as
a possible method to commercial oxalic acid.

Other authors demonstrated a high decrease in copper, chromium and arsenic levels by brown rot fungi Fomitopsis
palustris, Coniophora puteana and Laetiporus sulphureus 8, Daedalea dickinsii and Polyporales (unkown sp) 29, High

rates of removal of copper, chromium and arsenic (96%, 92% and 98%, respectively) were reached by Fomitopsis
palustris 29,

Dos Santos and co-workers showed that the acid extraction of CCA components from Eucalyptus sp. and Pinus resinosa
processed wood using hot sulfuric acid provided over 79% CCA removal 2. Furthermore, effluents generated in acid
decontamination were treated by precipitation with FeCl; and NaOH or Ca(OH),, as coagulant and alkalizing agents,
respectively, displaying rates of removal over 98.5% [24],

Other techniques, such as electrodialysis and dialysis methods, were also applied to CCA-treated Pinus pinaster poles for
removal of Cu, Cr and As from the maximum removal values (Cu, 84%; Cr, 87%; and As, 95%) were achieved under
electrodialytic conditions generated for 14 days 22. More recently, Jones et al. 23 recommended the separation and
removal of metals in recycled construction and demolition wood, such as CCA, aiming to reduce adverse effects on the
environment.

| 3. Conclusions

We emphasize that, although the use of CCA has been banned for many years in several countries, and despite
significant efforts being made to reduce its impact on the environment, its components still persist as documented in the
literature. Previous studies have described that the bioavailability and bioaccessibility, and distribution of Cr, Cu and As in
soils and aquatic ecosystems from CCA-treated wood and contaminated sites are element- and site-specific. Aged CCA-
treated facilities (e.g., playgrounds, agricultural structures, zoological gardens) still pose risks for environmental, animal
and human health due to leaching and accumulation of toxic elements. They should be specifically targeted in terms of
maintenance or even removal. Individual components of CCA, namely As and Cr, pose severe human health problems,
therefore, their removal from the environment should be promoted. In addition, the risk for both the environment and
human health induced by Cu must be addressed through appropriate measures for its removal. Evidence suggests that
arsenic, chromium and copper levels in surface soils, close to CCA-treated wood constructions, may surpass permitted
levels, inducing concerns about both human and environmental health. The data discussed in this review show that it is of
urgent need to act more efficiently in terms of the remediation of soils contaminated with CCA, and in terms of appropriate
measures, such as hand washing after contact with CCA-wood and avoiding the contact of pets in these settings.
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