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ABSTRACT

In response to environmental and health concerns over the use of CCA in wood preservation,
there has been an increase in the development and use of arsenic and chromium free copper-based
alternatives in recent years. One of the most promising alternatives to CCA is a copper-organic
system, like Tanalith E, which is widely used out of the ground and is particularly suitable for
wood used in outdoor applications. This is also accompanied by many attempts to understand
the mechanism of copper tolerance by wood decay fungi. Samples made from CCA and Tanalith
E impregnated fence (pine) palings that had been in service for ten years, were exposed to four
different brown rot fungi (Antrodia vaillantii, Leucogyrophana pinastri, Poria monticola and
Gloeophyllum trabeum) according to EN 113 procedure. After 16 weeks, the samples were isolated
and their mass losses determined. They were also analysed using electron paramagnetic resonance
(EPR). The CCA and Tanalith E treated wood were found to be resistant against the Cu-sensitive
G. trabeum. L. pinastri and P. monticola decayed the Tanalith E but not the CCA treated samples.
However, the Cu-tolerant A. vaillantii decayed both the Tanalith E and the CCA treated samples.
The EPR spectra of the treated wood before and after exposure to the fungi, have shown the
important role of oxalic acid in fungal tolerance of copper.
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INTRODUCTION

Chromated copper arsenate (CCA) is currently the most extensively used wood preservative
in the USA, Canada and in many European countries. However, environmental and health concerns
with the use of CCA, including possible arsenic exposure to humans have resulted in its use being
significantly restricted or limited (Pohleven 1998). In anticipation of the possible restriction or
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potential ban on chromium in wood preservatives, considerable research is being conducted in
recent years to develop alternative, more environmentally friendly and effective wood preservatives.
One of the most promising alternatives to CCA is a copper-organic system, like Tanalith E, which
consists of copper, boron and azole (Nicholas and Schultz 2003). It is widely used in Europe and
approved in more than 15 countries throughout the world and is suited for use above ground and is
suitable for wood used in outdoor applications such as decking and other garden products.

A major problem concerning the use of copper based wood preservatives is copper tolerance
by the target organisms especially the fungi. Though copper tolerant fungi are known for almost
50 years (Zabel 1954) and in spite of intense investigations carried out during the past decade,
the mechanism of copper tolerance by these fungi is still not completely understood (Green et
al. 1991, Stephan et al. 1996, Humar et al. 2001 and 2002a). This phenomenon is connected with
oxalic acid excreted by the copper tolerant fungi, which reacts with copper in the preserved wood
to form an insoluble and thus less toxic copper oxalate (Green et al. 1991, Humar et al. 2002a).
Additionally, it has been reported that lowering of pH by oxalic acid also contributes to copper
tolerance as well (Starkey 1973). During the initial stages of wood decay, significant and rapid
acidification of the wood and oxalic acid production occur and consequently the toxic effect of
copper is reduced (Humar et al. 2001, Clausen and Green 2003).

Impregnated timber at the end of its lifetime often contains high concentrations of the
preservative. The main aim of this research was to determine the efficacy of CCA and a novel
copper-based preservative, Tanalith E treated wood to brown rot wood decay fungi after ten
years in service as fence palings. This is part of a larger research project to develop and optimise
a large-scale novel process for bio-recycling of preservative treated wood wastes through
bioremediation and bulk-reduction using wood decay fungi.

MATERIAL AND METHODS

The fence palings made of pine and vacuum impregnated with CCA (Type C) or Tanalith
E that had been in service for 10 years were supplied by Arch Chemicals (Castleford, UK).
Retention of preservative in the sapwood was determined using X-ray fluorescence. Experimental
samples (1.5 x 2.5 x 5.0 cm) were cut from the impregnated part of these fences. For control,
unimpregnated pine samples were used. After steam sterilization of the samples, they were
exposed to four different brown rot fungi listed in Tab. 1. Exposure was performed according to
the EN 113 procedure (ES 1989). Fungi cultures were grown and maintained on a 3.9% potato
dextrose agar medium (PDA, Difco). Jars with PDA medium were inoculated with small pieces
of fungal mycelium. One treated and one control wood sample were placed on a sterilized plastic
grid in each inoculated jar and exposed to fungal decay for 16 weeks in the dark (25°C, RH 75%).
Afterwards, the wood specimens were cleaned of mycelia and mass losses were determined
gravimetrically. The experiment was performed in five parallels.

EPR spectra of the control and decayed samples were recorded at room temperature using
Bruker ESP-300 X-band spectrometer (Microwave Frequency = 9.62 GHz, Microwave Power =
20 mW, Modulation Frequency = 100 kHz, Modulation Amplitude = 0.1 mT). Four matchsticks
like samples (1 x 1 x 40 mm) were cut from each wood sample and inserted into the resonator
separately. The various components of EPR parameters (tensor g, and hyperfine splitting tensor
A) were determined directly from the spectra, where possible, for the respective paramagnetic
species.
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Tab. 1: Brown rot fungi used. Copper tolerance is described with marks according to the results
of Pohleven et al. (2002). Mark 1 describes the highest copper tolerance; and 5 describes the
highest copper sensitivity.

Fungi Origin Estimated Cu tolerance

Antrodia vaillantii University of Ljubljana ZIM L037 Cu tolerant 1
Leucogyrophana pinastri Buckinghamshire Chilterns University College UK Cu tolerant 2

Poria monticola BAM 102 Cu sensitive / Cu tolerant 3

Gloeophyllum trabeum University of Ljubljana ZIM L017 Cu sensitive 5

RESULTS

The retention of the Tanalith E impregnated timber was between 1.8 and 1.9 kg/m3 of Cu and
that of the CCA impregnated timber it was 6.9 kg/m3 of CCA. Both timbers investigated were
without any visible signs of biological deterioration after 10 years in service. This could be due
to the high preservative retention and the fact that they were used out of ground contact. From
Tab. 2, it is evident that none of the copper sensitive strains, Poria monticola and Gloeophyllum
trabeum as well as the copper tolerant strain, Leucogyrophana pinastri was able to decay the
CCA impregnated samples. However, the copper tolerant strain, Antrodia vaillantii decayed the
CCA impregnated wood with the average mass loss of 17.6%. Significantly higher mass losses
were obtained for the Tanalith E treated samples. The highest mass loss was by the copper tolerant
A. vaillantii (24.7%), followed by P. monticola (18.1%) and L. pinastri (17.7%). However, the copper
sensitive G. trabeum was not able to decay the Tanalith E treated samples (Tab. 2).

Tab. 2: Mass losses of CCA or Tanalith E treated and untreated specimens after 16 weeks of
exposure to brown rot fungi according to EN 113 procedure. Standard deviations are given in the

parentheses.

. CCA Tanalith E Untreated

Fungi
Mass loss [%]

Antrodia vaillantii 17.6 (5.2) 24.7 (1.5) 34.1 (4.8)
Leucogyrophana pinastri 0.0 (0.1) 17.7 (0.6) 30.2 (6.2)
Poria monticola 0.0 (0.0) 18.1 (3.4) 39.8 (3.6)
Gloeophyllum trabeum 0.0 (0.0) 1.3 (0.3) 45.4 (7.2)

From the EPR spectra of the unexposed CCA treated wood samples, three different EPR
signals can be distinguished: Cr(III) EPR signal (g = 1.982, linewidth = 50 mT), Cu(Il) EPR
signal (gp = 2.067) and the free radical signal (g0 = 2.003) (Fig. 1). Similar parameters (signals)
for CCA treated wood are reported in literature (Hughes et al. 1994, Humar et al. 2002b). This
result indicates that with the exception of the EPR signal of Cr(V), there has been no significant
changes in the composition of CCA preservative in the wood due to weathering.

After exposure of the CCA treated samples to G. trabeum, there were no changes to the shape
as well as the EPR parameters. On the other hand, exposure of the samples to the copper tolerant
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fungi A. vaillantii and L. pinastri resulted in significant changes of the EPR spectra. The Cr(III)
and Cu(II) EPR signals completely disappeared and a copper oxalate EPR signal appeared (g =
2.18, linewidth = 51 mT). In addition, the intensity of the free radical EPR signal increased. EPR
spectra of specimens exposed L. pinastri and P. monticola are not shown as they are comparable
with the A. vaillantii ones (Fig. 1).
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Fig. 1: EPR spectra of CCA treated samples unexposed and exposed to brown rot fungi
Gloeophyllum trabeum and Antrodia vaillantii for 16 weeks.

The wood impregnated with Tanalith E exhibited an anisotropic Cu(Il) EPR spectrum
(gL =2.076, gy = 2.278, ajp = 15.5 mT) (Fig. 2). After 16 weeks of exposure to the fungi,
changes of the EPR spectra were similar to those observed for the exposed CCA treated
wood. From the EPR spectra of impregnated wood exposed to the fungi A. vaillantii, P.
monticola and L. pinastri transformation of Cu(II) EPR signal to copper oxalate signal and
an increase in intensity of the free radical EPR signal could be resolved. On the other hand,
there were no significant changes on the EPR spectra of the Tanalith E impregnated wood
exposed to the copper sensitive fungus G. trabeum (Fig. 2).
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Fig. 2: EPR spectra of Tanalith E treated samples unexposed and exposed to brown rot fungi
Gloeophyllum trabeum and Leucogyrophana pinastri for 16 weeks.

DISCUSSION

From the EPR spectra of unexposed CCA treated wood (Fig. 1), with the exception of
Cr(V) signal, the copper and chromium signals have the same parameters as those reported in
literature for CCA impregnated wood. During the fixation process, chromium was reduced from
diamagnetic Cr(VI) to paramagnetic Cr(III) via Cr(V) as an intermediate. The EPR signal of
Cr(V) was found to be present two years after impregnation (Hughes et al. 1994, Humar et al.
2002b). However, due to exposure of the sample to weathering when in service, this signal could
not be resolved. It was suggested that water environment affects chromium reduction and this
could explain the disappearance of the Cr(V) signal in the sample (Hughes et al. 1994, Humar
et al. 2002b).

The mid point of the toxic values of CCA treated wood when tested without prior ageing
against the most aggressive fungus according to the EN 113 guidelines (ECS 1994) is 2.5 kg
of CCA/m3. The preservative retention of the CCA treated sample was found to be three times
higher (6.9 kg/m3) than in guidelines even after ten years of natural weathering. This explains the
resistance of the timber against P. monticola, L. pinastri and G. trabeum. However, in contrast to
these fungi, exposure of the CCA treated wood to A. vaillantii resulted in about 17.6% mass loss
(Tab. 2). A. vaillantii is reportedly a fungal strain that exhibits the highest copper tolerance on
several screening and other laboratory tests (Humar et al. 2001, 2002a, Pohleven et al. 2002).

After exposure of the CCA treated wood to the copper tolerant strain A. vaillantii, instead
of the Cu(Il) EPR signal, another signal with a measured gy value of 2.18 and line width about
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51 mT appeared. These parameters correlate well with those reported in the literature for copper
oxalate (Srivastava et al. 1980, Humar et al. 2002a). Copper oxalate is not soluble, and therefore
not fungitoxic (Richardson 1997). In addition, there was a significant decrease of the Cr(III)
which could be due to the formation of chromium oxalate, as this compound cannot be resolved
from the EPR spectra (Lahiry and Kakkar 1982). Similar, but less intense changes of the EPR
spectra were observed for the samples exposed to L. pinastri and P. monticola. However, for the
CCA treated samples exposed to these two fungal strains, no mass losses were obtained and we
therefore believe that the formation of copper oxalate is not the only mechanism responsible for
copper tolerance. On the other side, the EPR spectra of the CCA treated samples exposed to G.
trabeum showed that the intensity and shape of Cr(III) and Cu(II) EPR signals were unaffected
(Fig. 1). This could be due to the fact that G. trabeum excretes less oxalic and other organic acids.
Furthermore, this spectrum also showed that copper remained in original toxic form and thus
protected the CCA impregnated wood blocks from being decayed. From the EPR spectra of CCA
treated wood exposed to A. vaillantii, a signal assigned to free radicals can be resolved as well
(Fig. 1). Occurrence of free radicals during brown rot decay is well known and described, as they
are part of the process of cellulose degradation (Green and Highley 1997, Qian et al. 2003).

Tanalith E impregnated wood gave a Cu(Il) EPR signal consisting of a quadruplet signal
at low field and an unresolved absorption at higher field. This is typical for Cu(Il) ions in an
anisotropic state. However, the shape and parameters of the EPR spectra (Fig. 2) are similar to
those obtained for copper sulfate treated wood (Hughes et al. 1994, Humar et al. 2002a). Though
the retention of copper in Tanalith E treated wood is comparable to that in the CCA impregnated
wood, it has to be considered that besides copper there are other co-biocides present in the
Tanalith E treated wood and these could have resulted in the different performance against the
fungal strains. After ten years in service and weathering, the Tanalith E treated timber was found
to be resistant against the copper sensitive strain G. trabeum but not against other less copper-
sensitive strains. The highest average mass loss (24.7%) was obtained for the samples exposed
to Cu-tolerant A. vaillantii. The fact that the Tanalith E treated timber was not resistant against
the copper tolerant fungi, is not significant, as this preservative is predominantly used for the
protection of wood in hazard class 3 where these copper tolerant fungi do not attack wood.

From the EPR spectra of Tanalith E treated timber exposed to the wood decay fungi (Fig. 2),
there were no changes in the spectra of samples exposed to the copper sensitive G. trabeum. This
further proves the efficacy of Tanalith E to this fungus. On the other hand, exposure of the Tanalith
E treaded wood to the other wood decay fungi, showed a significant decrease of the Cu(Il) EPR
signal and an increase of copper oxalate and free radicals signals. The reason for these changes is
the excretion of oxalic acid by these fungi and cellulose degradation.

CONCLUSIONS

CCA and Tanalith E treated wood were found to be resistant against a copper sensitive brown
rot decay fungi strain Gloeophyllum trabeum after 10 years in service as fence palings.

The brown rot decay fungi Leucogyrophana pinastri and Poria monticola decayed the
Tanalith E treated wood but not the CCA treated one. However, the copper tolerant Antrodia
vaillantii decayed both the Tanalith E and CCA treated wood.

From the EPR spectra of the treated wood exposed to the wood decayed fungi, the important
role that oxalic acid plays in fungal tolerance can be resolved.

18

Drevo 1_2004.indd 18 @ 4/2104 2:25:22 PM



ACKNOWLEDGEMENTS

The authors would like to thank Biffaward, Protimsolignum-Osmose, Arch Timber
Protection, CSI Timber Protection and the British Council Partnership for Science program for
financial support.

REFERENCES

1. Clausen, C.A., Green, F., 2003: Oxalic acid overproduction by copper-tolerant brown-
rot basidiomycetes on southern yellow pine treated with copper-based preservatives.
International Biodeterioration in Biodegradation 51:139-144

2. European Committee for Standardization, 1994: Wood preservatives; Determination of the
toxic values against wood destroying basidiomycetes cultured an agar medium EN 113.
Brussels, 33 pp.

3. Green, I, F., Larsen, M.J., Winandy, J.E., Highley, T.L., 1991: Role of oxalic acid in
incipient brown-rot decay. Material und Organismen 26: 191-213

4. Green, III, F., Highley, T.L., 1997: Mechanism of brown rot decay: Paradigm or paradox.
International Biodeterioration & Biodegradation 39: 113-124

5. Hughes, A.S., Murphy, R.J., Gibson, J.F., Cornfield, J.A., 1994: Electron paramagnetic
resonance (EPR) spectroscopic analysis of copper based preservatives in Pinus sylvestris.
Holzforschung 48: 91-98

6. Humar, M., Petri¢, M., Pohleven, ., Sentjurc, M., Kalan, P., 2002a Changes of copper EPR
spectra during exposure to wood rotting fungi. Holzforschung, 56: 229-238

7. Humar, M., Petri¢, M., Pohleven, F., Sentjurc, M., 2002b: EPR changes, O, consumption
and CO, evolution during fixation of chromium based wood preservatives in wood. Wood
Science and Technology, 36: 309-318

8. Humar, M., Petri¢, M., Pohleven, F., 2001: Changes of pH of impregnated wood during
exposure to wood-rotting fungi. Holz als Roh- und Werkstoff 59: 288-293

9. Lahiry, S., Kakkar, R., 1982: Single-crystal magnetism of sodium magnesium chromium(II)
oxalate, NaMgCr(Cy04)3x 9H,O. Chemical Physics Letters 88: 499-502

10.Nicholas, D.D., Schultz, T.P., 2003: Efficacy of copper:propiconazole and copper:citrate
systems in ground-contact exposure at a site with copper tolerant fungi. International
research group for wood preservation. IRG/WP 03-20305, 7 pp.

11.Pohleven, F., 1998: The current status of use of wood preservatives in some European
countries — summary of the answers to the questionnaire — the last correction in February
1998. COST E2. Brussels. 2 pp.

12.Pohleven, F., Humar, M., Amartey, S., Benedik, J., 2002: Tolerance of Wood Decay Fungi
to Commercial Copper Based Wood Preservatives. International research group for wood
preservation. IRG/WP 02-30291, 12 pp.

13.Qian, Y., Goodell, B., Felix, C.C., 2003: The effect of low molecular weight chelators on
iron chelation and free radical generation as studied by ESR measurements. Chemosphere.
In press

14.Richardson, H.W., 1997: Handbook of copper compounds and applications. M. Dekker, New
York, pp 93-122

15.Srivastava, P.C., Banerjee, S., Banerjee, B.K., 1980: Magnetic & spectroscopic behaviour of
some copper oxalate complexes. Indian Journal of Chemistry 19 A: 77-79

19

Drevo 1_2004.indd 19 @ 4/2104 2:25:26 PM



16.Starkey, R.L., 1973: Effect of pH on toxicity of copper to Scytalidium sp., a copper tolerant
fungus, and some other fungi. Journal of General Microbiology 78 217-225

17. Stephan, L., Leithoff, H., Peek, R.D., 1996: Microbial conversion of wood treated with salt
preservatives. Material und Organismen 30: 179-199

18.Zabel, R.A., 1954: Variations in preservative tolerance of wood-destroying fungi. Forest
Product Research Society Journal 4: 166-169

DR. MIHA HUMAR
BIOTECHNICAL FACULTY
DEPARTMENT OF WOOD SCIENCE AND TECHNOLOGY
RozNA DOLINA c. VIII/34
SI-1000 LjUBLJANA
SLOVENIA
e-mail: miha.humar@bf.uni-lj.si

PROF. FRANC POHLEVEN
BIOTECHNICAL FACULTY
DEPARTMENT OF WOOD SCIENCE AND TECHNOLOGY
UNIVERSITY OF LJUBLJANA
RozNA DOLINA, CESTA V111/34
SI- 1000 LjuBLIANA
SLOVENIA
e-mail: franc. pohleven@uni-1j.si

DR. SAM AMARTEY
FOREST PRODUCTS RESEARCH CENTRE
BUCKINGHAMSHIRE CHILTERNS UNIVERSITY COLLEGE
HigH WycoMmBE, UK
HP11 2]Z
e-mail: samart01@bcuc.ac.uk

DR. MARJETA SENTJURC
INSTITUTE JOZEF STEFAN
Jamova 39
SI-1000 LyUBLJIANA
SLOVENIA
e-mail: marjeta.sentjurc@jijs.si

20

Drevo 1_2004.indd 20 @ 4/2104 2:25:28 PM



