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Abstract: Substantial progress has been made in remediation of preservative treated waste wood by chemical extraction
with several mineral and organic acids and biodegradation using bacteria and fungi in recent years. Non-conventional
low-cost adsorbents are used to bind the metal ions in extremely stable complexes in heavy metal contaminated soils or
polluted waters and thus to remediate such substrates. In this study, various adsorbents from industrial and agricultural
processes were evaluated in removal of copper, chromium, and arsenic from chromated copper arsenate (CCA)- treated
wood by using batch extracting experiments. Most adsorbents used in the study had the potential to remove copper ele-
ment from CCA-treated wood, while chromium was the most resistant element against removal in most cases. In general,
as amount of adsorbents in the extraction process and extraction duration increased, the percentage of elements removed
increased. The adsorbents used in the study could be important in the remediation of wood treated with organic or water-
borne wood preservatives containing copper since the use of the adsorbents is one key to unfix copper from treated wood

treated.
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1. INTRODUCTION

Considerable research has concentrated on remediation
of chromated copper arsenate (CCA) preservative treated
wood in recent years due to release of chromium, copper,
and arsenic from wood during recycling or disposal of such
waste wood. As a result of public awareness about CCA-
treated waste wood, substantial progress has been made in its
remediation by chemical methods using mineral and organic
acids and biological methods using bacteria and fungi in
recent years [1-19]. However, such methods are becoming
costly due to the cost of chemicals and nutrient media for
fungal and bacterial cultures. Eliminating or reducing the
cost of chemical or biological processes will make remedia-
tion of CCA-treated waste wood more economically and
environmentally acceptable.

A number of approaches have been recently studied for
the development of cheaper and more effective adsorbents
for metal removal from several sources such as water and
soil. Many non-conventional low-cost adsorbents, including
natural materials, biosorbents, and waste materials have been
proposed by several researchers. Most of the sorbents stud-
ied include agricultural wastes, industrial waste products,
and biosorbents [20, 21]. Natural materials available in large
amounts and several agricultural and fishery waste products
can be considered as effective and alternative technologies
for the remediation of treated waste wood since these types
of materials have the ability to retain toxic heavy metals
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from aqueous solutions and potential as inexpensive adsorb-
ents [19].

In this paper, activated carbon, sugi wood charcoal, ex-
tracted tea leaves, pine and oak tree bark, bakery yeast, apple
and orange peelings, fungus biomass, pine cones, barley
waste, and corn cobs were studied to determine their effi-
ciency in removing chromium, copper, and arsenic from
CCA-treated wood.

2. MATERIALS AND METHODOLOGY
2.1. Adsorbent Materials

The adsorbents used in the study are given in Table 1
along with their preparation for extraction.

2.2. Preparation of CCA-Treated Chips

Two Scots pine (Pinus sylvestris L.) poles were obtained
from a preservative treatment plant in Adana, Turkey. The
poles were previously treated with CCA Type C preservative
solution using a full-cell process at a retention of 21 kg /m’.
Sapwood and heartwood portions of the treated poles were
separated and the sapwood portions were then chipped with
a commercial chipper to approximately 10-17 mm x 0.20-
0.35 mm x 0.15-0.35 mm. The chips were screened and
sorted to remove knots and over/under sized chips. The chips
were then conditioned at 23°C and 65% relative humidity
(RH) for two weeks.

2.3. Extraction of Chips

Three g of CCA-treated chips were placed in 200 ml dis-
tilled water together with each adsorbent in different
amounts showed in Table 1 and extracted for 6 h, 1, 2, 5, and
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Table 1. Adsorbents Used in the Study and their Preparation for Extractions
Adsorbents Amount in Extraction (g) Preparation

Activated carbon (AC) 0.5,1,2,5,10 Used as it is
Sugi wood (Cryptomeria japonica) particles heated in a laboratory-scale electric

Sugi wood charcoal (SC) 05,1,2,5 furnace with a heating rate of 4°C/min up to a temperature of 700°C for 1 h in
presence of Ar as protective gas at a flow rate of 100 ml/min

Extracted tea (ET) 05.1,2.5.10 ggé?irzflgt(i)ilcb(l)izlintfgh]:articles pre-extracted at 80°C in distilled water for 1 h,

Pine bark (PB) 0.5,1,2,5,10 2-3 mm, dried at 80°C overnight

Oak bark (OB) 0.5,1,2,5,10 2-3 mm, dried at 80°C overnight

Bakery yeast (BY) 10 2-3 mm, dried at 80°C overnight

Apple peelings (A) 0.5,1,2,5,10 2-3 mm, dried at 80°C overnight

Orange peelings (O) 0.5,1,2,5,10 2-3 mm, dried at 80°C overnight

Fomes fomentarius dead biomass (F) 0.5,1,2,5,10 2-3 mm, dried at 80°C overnight

Pine cone (PC) 0.5,1,2,5,10 2-3 mm, dried at 80°C overnight

Barley waste (M) 05.1,2.5 grlseji ;ltli%;C overnight, obtained from Anadolu Efes Biracilik ve Malt Sanayii

Corn cob (C) 0.5,1,2,5,10 2-3 mm, dried at 80°C overnight

10 days at room temperature. Distilled water extraction was
served as control. Volumetric flasks containing distilled wa-
ter, chips, and adsorbents were rotated at a speed of 100 rpm
(10.47 rad/s) during extraction. Two replicates of 3 g chips
were removed at each time interval. The contents in the
flasks were filtered through Whatman #4 filter papers using
a vacuum pump, and rinsed 3 times with 1 L of distilled wa-
ter. Removed chips were oven-dried at 60°C for 24 h and
conditioned at 23°C and 65% RH.

After extraction, chips were ground to pass a US Stan-
dard 40-mesh (420 um) screen to obtain sawdust. The saw-
dust samples from chips were then analyzed for copper,
chromium, and arsenic content. Hundred mg of oven dried
sawdust was transferred to a conical flask. The flask was
gently heated on a sand bath without the loss of copper,
chromium, and arsenic during the dissolution process, by
adding approximately 10 ml of nitric acid until sample was
completely dissolved in acid.

The content of copper, chromium, and arsenic in liquid
sample was analyzed using ICP Sequential Plasma Spec-
trometer (ICP-SII SPS 7800, Seiko Instruments Inc. Japan).
The reduction percentage of copper, chromium, and arsenic
in the treated chips was calculated at the initial amount of
elements in the chips.

2.4. pH of Extracted Chips

A single homogenous sample of each type of extracted
chip was analyzed for pH. Before pH measurements, the
chips were ground to pass a US Standard 40-mesh (420 pum)
screen to obtain sawdust. One part (by weight) of sawdust
was then placed in three parts of distilled water. The sample
and water were mixed until the sample was wet. pH was
measured after 10 min at room temperature by using a digital
pH meter.

3. RESULTS AND DISCUSSION

Results of ICP analysis for copper, chromium, and arse-
nic following extraction by the adsorbents of CCA-treated
wood are shown in Table 2. Figs. (1, 2) show the percentage
of copper, chromium, and arsenic removed from treated
wood. Results are expressed as mg of each metal remaining
per gram of treated wood following extraction. Values repre-
sent the average of duplicate samples. Exposing CCA-treated
chips to various amounts of adsorbents enhanced removal of
CCA components compared to remediation by distilled wa-
ter only. Distilled water extraction removed considerably
less amount of elements from the wood when compared to
adsorbent extraction. As the amount of adsorbents in the
extraction process and extraction duration increased, per-
centage removal of elements from CCA-treated wood gener-
ally increased.

Most adsorbents had a potential to remove copper ele-
ment from CCA-treated wood, while chromium was the
most resistant element against removal. On the basis of 10-
day extraction duration, our study revealed copper removal
hierarchies of bakery yeast > oak bark > apple peelings >
pine bark > extracted tea > dead biomass = barley waste >
corn cob > activated carbon > orange peelings > pine cone >
sugi wood charcoal. In most cases, copper removal was
nearly 60% or more with a few exceptions of extractions
with pine cone and sugi carbon. Highest arsenic removal
rates were obtained with orange peelings, activated carbon
and sugi wood charcoal. In general, the more adsorbent, the
more removal rates we obtained in the study; however, in
some cases increase in the amount of the adsorbent used
causes slight decrease in removal rates. The reasons for this
phenomenon are not clear; however, many variables in the
process such as different concentrations of heavy metals in
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Table2. Amount of Copper, Chromium, and Arsenic Re-
maining in CCA-Treated Chips Following Exposure
to Various Adsorbents for 10 Days (mg/g)

Source Amount (g) Cu Cr As
0.5 7.18 10.71 9.45
1 4.08 6.93 5.55
Activated carbon 2 5.25 998 6.35
5 2.00 6.96 4.62
10 2.93 6.20 1.88
0.5 4.95 7.94 6.89
1 5.67 9.26 4.71
Sugi wood charcoal
2 5.31 6.45 4.66
5 5.22 7.13 2.80
0.5 3.83 6.09 5.11
1 2.71 5.56 4.44
Extracted tea 2 3.21 6.29 5.55
5 3.20 6.20 3.68
10 2.72 6.04 391
0.5 4.75 8.96 7.78
1 4.17 8.25 6.53
Pine bark 2 3.89 7.97 6.53
5 2.94 7.69 6.17
10 2.07 6.95 5.55
0.5 3.87 8.38 6.04
1 3.45 4.88 5.20
Oak bark 2 2.84 7.49 5.11
5 1.84 3.43 5.06
10 1.28 6.68 4.80
Bakery yeast 10 0.68 8.38 6.22
0.5 531 9.11 5.87
1 3.66 6.65 5.55
Apple peelings 2 2.32 6.09 5.24
5 1.61 5.92 4.58
10 1.85 7.66 5.73
0.5 3.60 7.05 5.48
1 328 6.40 5.55
Orange peelings 2 3.66 5.61 4.53
5 3.16 7.01 4.98
10 3.00 6.12 1.70
0.5 5.34 9.06 7.77
1 3.77 7.85 6.35
o o [0 e [ [es
5 2.79 9.90 6.93
10 2.73 8.25 6.97
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(Table 2) contd.....
Source Amount (g) Cu Cr As
0.5 391 7.21 5.15
1 3.65 6.85 5.78
Pine cone 2 3.19 6.17 3.60
5 4.14 7.46 4.93
10 3.47 7.41 5.60
0.5 3.93 7.29 6.13
1 3.84 7.69 6.35
Barley waste
2 3.75 9.19 7.65
5 2.73 7.97 6.22
0.5 4.27 7.46 5.95
1 5.00 8.86 6.89
Corn cob 2 3.35 6.29 5.64
5 3.46 6.20 5.20
10 2.82 6.68 5.42

Values represent the average of duplicate samples. CCA-treated wood contained 9.8
mg/g copper, 16.5 mg/g chromium, and 13.8 mg/g arsenic before extraction. Cu: cop-
per; Cr: chromium; As: arsenic. Percentage removal rates for copper, chromium and
arsenic elements during extraction with distilled water for 10 days rates were 27.7%,
30.9%, and 31.8%, respectively.

treated wood, structure of the adsorbents, etc. may have
played a role. Crini [21] states that activated carbon is the most
popular adsorbent material for the removal of pollutants from
wastewater [22-24]. Previous studies on remediation of heavy
metal polluted soils suggest that copper is the most mobile
metal in remediation studies. It is generally known that cop-
per, chromium, and arsenic in CCA wood preservative are
fixed to the wood components such as lignin and hemicellulo-
ses by the reduction of Cr'® to Cr” and chromium forms a
strong complex with lignin. The reason for limited removal of
chromium and arsenic may be that there is an strong affinity of
these elements for wood components, and weak chelating abil-
ity of some adsorbents used on chromium and arsenic [12]. In
a recent study on heavy metal removal from polluted soils by
Abumaizar and Smith [25] chromium removal was found to
be less due to the likelihood of chromium being in the anionic
bichromate form compared to the other elements in the soil.
Wasay et al. [26] found that EDTA was effective in removing
copper from polluted soils, whereas removal efficiency of
chromium was much less (30%). Papassiopi ef al. [27] states
that arsenic, as an oxyanion in natural systems, does not form
complexes with EDTA suggesting a slight mobilization,
probably through the dissolution of related arsenate com-
pounds. Several low solubility compounds formed during fixa-
tion reactions in CCA systems, such as chromium arsenate and
copper arsenate, are found in CCA-treated wood structure like
in metal-polluted soils. The covalent bonded or coordination
bonded complexes of chromium occur with the wood lignin
component is also another evidence [28, 29]. Formation of
such complexes in CCA-treated wood could minimize the
leaching of preservative components [12].

The pH of extracted wood with the adsorbents varied
from 3.5 to 13.6 (Table 3). Values represent the average of
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Fig. (1). Percentage of copper, chromium, and arsenic released following activated carbon, sugi wood charcoal, extracted tea, pine bark, oak
bark, and bakery’s yeast extraction of CCA-treated chips for 10 days. Cu: copper; Cr: chromium; As: arsenic. Refer to Table 1 for abbrevia-
tions. Percentage removal rates for copper, chromium and arsenic elements during extraction with distilled water for 10 days rates were
27.7%, 30.9%, and 31.8%, respectively.
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Fig. (2). Percentage of copper, chromium, and arsenic released following apple peelings, orange peelings, fungus biomass, pine cone, barley
waste and corn cob extraction of CCA-treated chips for 10 days. Cu: copper; Cr: chromium; As: arsenic. Refer to Table 1 for abbreviations.
Percentage removal rates for copper, chromium and arsenic elements during extraction with distilled water for 10 days rates were 27.7%,
30.9%, and 31.8%, respectively.



16 The Open Waste Management Journal, 2008, Volume 1

Kartal et al.

(Table 3) contd.....
Source Amount (g) Extraction Duration (Day)
6h 1 2 5 10
0.5 4.74 | 11.51| 5.03 [ 13.95|10.10
1 12.34(11.58|12.70| 4.97 | 8.15
Pine cone 2 9.27 | 7.94 |12.38| 495 | 9.93
5 12.58| 4.87 |11.91| 4.67 |12.82
10 10.14|10.27| 4.95 | 13.64| 5.28
0.5 498 |13.17| 4.39 | 8.98 | 5.47
Barley waste 1 12.49| 9.88 | 537 | 821 | 5.42
2 4.89 | 8.73 | 7.05 | 6.47 | 5.55
5 4.94 | 745 | 6.05 | 5.31 |10.56
0.5 441 | 470 | 4.14 | 544 | 4.28
1 4.00 | 3.88 | 4.19 | 4.19 | 4.24
Corn cob 2 3.65 | 3.53 | 459 | 5.15 | 4.79
5 436 | 5.06 | 4.28 | 4.03 | 4.32
10 4.63 | 424 | 527 | 520 | 4.78

Table3. pH of CCA-Treated Wood Following Exposure to
Various Adsorbents
Source Amount (g) Extraction Duration (Day)
6h 1 2 5 10
0.5 550 | 529 | 550 | 5.55 | 5.92
1 520 | 533 | 540 | 5.08 | 5.85
Activated carbon 2 5.58 | 5.36 | 5.51 | 5.55 | 5.49
5 575|523 | 540 | 7.07 | 6.11
10 6.60 | 6.08 | 6.20 | 6.44 | 7.07
0.5 6.59 | 5.22 | 538 | 5.20 | 5.30
Sugi wood charcoal 1 550 | 539 | 5.13 | 545 | 5.16
5 542 | 549 | 545 | 5.63 | 5.44
10 528 | 535|535 | 581|543
0.5 505|495 |535|6.15| 6.08
1 6.58 | 5.30 | 5.58 | 6.83 | 6.92
Extracted tea 2 6.09 | 6.90 | 6.58 | 6.67 | 7.30
5 7.09 | 5.86 | 533 | 5.41 | 7.81
10 6.99 | 6.64 | 7.39 | 529 | 6.97
0.5 452|483 |11.60| 5.04 | 5.16
1 9.04 | 482 | 497 | 489 | 5.13
Pine bark 2 474 1 4.69 | 5.09 | 4.78 | 5.10
5 458 | 4.68 | 4.67 | 4.72 |10.58
10 11.52| 4.64 | 4.62 | 4.58 | 4.79
0.5 4.03 | 476 | 4.86 | 5.11 | 5.18
1 478 | 492 | 4.87 | 497 | 5.15
Oak bark 2 477 | 471 | 4.88 | 8.62 | 5.04
5 497 | 4.67 | 5.30 | 8.92 |13.56
10 525 475|685 [11.87|11.28
Bakery yeast 10 6.08 | 6.21 | 7.17 | 897 | 7.45
0.5 6.08 | 543 | 553 | 5.75 | 4.67
1 542 | 534 | 6.30 | 545 | 4.07
Apple peelings 2 544 | 512 | 532 | 5.05 | 4.67
5 5.09 | 525|534 | 5.01 | 495
10 5.62 | 520 | 536 | 538 | 542
0.5 546 | 7.05 | 6.55 | 5.56 | 591
1 6.71 | 6.72 | 6.10 | 6.29 | 4.90
Orange peelings 2 582 | 6.18 | 6.50 | 5.16 | 6.68
5 7.00 | 6.47 | 7.10 | 5.07 | 5.56
10 6.78 | 528 | 7.11 | 6.79 | 6.38
0.5 6.55 | 7.00 | 7.33 | 555 | 7.11
1 6.13 | 6.33 | 5.08 | 7.32 | 6.76
Fomes fomentarius 2 7.00 | 528 | 7.03 | 721 | 675
dead biomass
5 6.59 | 5.89 | 6.03 | 6.50 | 5.85
10 6.13 | 7.16 | 7.60 | 7.60 | 9.13

pH of CCA-treated and unextracted control wood=4.85. Values represent the average
of duplicate samples.

duplicate samples. The pH of CCA-treated and unextracted
control wood was 4.9. In general, pine and oak bark and corn
cob materials caused less pH in comparison with unextracted
CCA-treated wood; however, pH values of extracted wood
with pine cones reached over pH 10 in most cases. It may be
concluded that the adsorbents used in the study had a mixing
effect in pH, whilst in most cases removing CCA wood pre-
servative components (pH=2.04 for 1% CCA-C treatment
solution at 20°C) during extraction caused increasing pH as
the extraction duration and amount of adsorbents increased.

4. CONCLUSIONS

In this study, adsorbent extraction of copper, chromium,
and arsenic from CCA-treated wood was studied using
batch-extracting experiments. Activated carbon and sugi
wood charcoal materials were more effective in removing
arsenic element from CCA-treated wood. However, more
arsenic was removed when orange peelings were employed
in the extraction process when compared to activated carbon
and sugi wood charcoal adsorbents. Chromium was in gen-
eral most resistant element against removal during extrac-
tions since this element play a role in fixing copper and arse-
nic in wood cell components during CCA fixation reactions.
The study shows that adsorbents from agricultural or indus-
trial processes may be a viable agent for the enhanced re-
moval of copper from CCA-treated wood waste. Adsorbent
usage may be one key to unfix copper for remediation of
wood treated with copper-based preservatives. The removal
of chromium and arsenic was shown to be lower than that of
copper in treated wood in this study. Thus, most abundant
adsorbents used in this study could be important in the reme-
diation of waste wood treated with the newest formulations
of organometallic copper compounds and other water-borne
wood preservatives containing copper such as ammoniacal
copper citrate, ammoniacal copper quat, oxine copper, cop-
per naphthenate, copper azole, etc. The results of this study
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demonstrate that utilizing the adsorbents in the removal of
copper from CCA-treated wood has potential, however, fur-
ther research on extraction via repeated extraction cycles or
dual remediation process using chemical remediation or
bioremediation is needed to improve the removal efficiency
of other CCA components.
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