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Abdract

Digposd of preservative-trested waste wood is a growing problem worldwide.
Bioprocessing the treated wood offers one gpproach to waste management under certain
conditions. One god isto use wood decay fungi to reduce the volume of waste with an
eedly managed sysem in a cog-effective manner. Wood decay fungi were obtained from
culture collectionsin the Mycology Center and Biodeterioration reseerch unit & the
USDA-FS Forest Products Laboratory (FPL), Madison, Wisconsin, and from FPL field
gtes. The 95 isolates had origindly been taken from a least 66 Stes from around the
United States. |solates were screened in a bioassay (known asthe * choice test’) for
tolerance to CCA, ACQ, creosote and pentachlorophenol. A tolerant rating was based on
fungdl growth toward or on trested wood, with 17 tolerant to CCA, 21 to ACQ, 12 to
creosote and 5 to pentachlorophenol. Decay capacity of the tolerant isolates was
determined as percent weight loss by the ASTM D-1413-76 soil bottle method. We
identified 8 isolates for experiments on preservaive remediation. Isolates of Meruliporia
incrassata and Antrodia radicul osa gave the highest percent degradation of ACQ and
CCA-trested wood. Severd A. radiculosaisolates and a Neolentinus lepideus isolate grew
on creosote-trested wood, but had only a4-5% weight loss. In this paper we discussthe
potentid use of decay fungi to degrade or remediate preservative-treated wood.

Introduction

The disposal of presarvaive-trested waste wood is a growing problem worldwide (Cooper,
1993; Fak, 1997; Lethoff, 1995). Potentid waste management systems are currently

being studied for compaosting or bio- remediation of the spent wood (Clausen and Smith,
1998; DeGroot and Woodward, 1998); Kamden et d, 1998; Stephen et d, 1996). Mogt
spent wood is trested with waterborne presarvatives due to the large quantity in service.
Over 98 percent of the wood trested in the United States in 1993 was trested with
waterborne preservatives (Micklewright, 1994) such as chromated copper arsenate (CCA),
ammoniaca copper arsenate (ACA) and ammoniaca copper zinc arsenate (ACZA). Utility
poles and railroad ties treated with creosote are being taken out of service and
accumulating as problem waste products.

Bioprocessng of waste wood has potentia as a management system under some
conditions. Severd isolates of wood decay fungi have long been reported to be tolerant to
and even degrade trested wood, especialy wood treated with copper-based preservatives
(Cowling, 1957; DeCostaand Kerruish, 1964; Duncan, 1957; Thornton and Tighe, 1987;
Young, 1961; Zabd, 1954).



A long-term god of this ressarch isto develop a method to reduce the volume of waste
wood with an easly managed, cost-effective system using presarvetive-tolerant wood
decay fungi. Inthis paper we present the biologica assay for screening fungd isolates
exhibiting preservative-tolerance and the degradation tests to determine cgpacity of the
isolates to degrade preservative-treated wood.

Materialsand Methods
Fungal Cultures

Fungal isolates were obtained from five facilities supported by the USDA Forest Service,
Forest Products Laboratory: the Biodeterioration RWU4502, the Center for Forest
Mycology Research, four research fidd steslocated in Gulfport, Missssppi and
Middleton and Madison, Wisconsin. These brown and white-rot fungi were selected
because they were origindly taken from failed preservative-treated wood in fidld tests,
were reported to be preservative tolerant or were taken from discarded utility polesand
raillroad ties.

Fungi were trandferred from stock culturesto 2% madt extract agar (MEA) plates and
alowed to grow inthe dark for 7-10 days at 80°F and 70% relative humidity (RH) prior to
the bioassay for presarvative-tolerance or ASTM soil bottle assay for degradation
efficency. The 13 isolates that have been screened for CCA-tolerance and degradation of
CCA-treated wood (Illman and Highley, 1996) have been added to this study.

Preservative-Treated Wood

Southern ydlow pine lumber treated with CCA-C to 0.04 pounds per cubic foot (pcf) or
ACQ-D treated to 0.40 pcf was obtained from acommercid lumber company in Madison,
Wisconsin. The lumber had been treeted by Qudity Wood Treeting Co., Prairie du Chein,
WI, and Northern Crossarm Co. Inc., Chippewa Fals, WI, respectively. Creosote-treated
Southern yellow pine test blocks were cut from utility poles supplied by Madison Gasand
Electric Power Company, Madison, WI, and from railroad pilings supplied by Wisconan
Southern Railroad. Pentachlorophenoal-treasted Southern yellow pine wood was treeted at
the Forest Products Laboratory. Wood blocks were vacuum impregnated with technicd
grade pentachlorophenal (96% active ingredients) from Monsanto Co., S. Louis, MO, to
retain 0.40 pcf pentachlorophenol by weight.

Assay for Preservative Tolerance

The bioassay used to determine preservative-tolerance was described by Leithoff et d
(1995) asa‘choice tet” screening method to identify CCA-tolerant. A disk of mycdia
taken from the growing edge of fungd culture was placed in the center of water agar petri
dish containing awoodblock treeted with preservative and a control non+treated block at
oppodite Sdes of the dish. The fungi were incubated for 7- 14 days and growth recorded.
A tota of 84 isolates were subjected to the *choice test'.



Degradation Test

The capacity of preservative-tolerant fungi to degrade trested wood was determined as per

cent weight loss by the standard soil bottle method (ASTM D-1413-76). Fvereplicae

wood blocks (2.5 by 2.5 by 0.9 cm) treated with CCA, ACQ), creosote or

pentachlorophenol were preconditioned in ahumidity room, exposed to the gopropriate

fungus, incubated for 12 days a 80°F and 70% RH. Blocks were removed from bottles,

dried, weighed and weight loss determined as per cent of origind weight. Fast growing

isolates from the ‘choice test’ and the Biodeterioration RWU collection isolates (lllman and Highley,
1996) were selected for the ASTM degradation test.

Resultsand Discussion
Wood inhabiting fungi were screened as potential candidates for bioprocessing waste wood

treated with CCA, ACQ, creosote or pentachlorophenol. Fungi were origindly collected
from at least 66 Stes in the United States as shown in Figure 1.
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Fgure 1. Geographicd Origin of Fungd Isolates

A tota of 95 fungd isolates were obtained from around the United States. They include 21
fromthe FPL Biodeterioration RWU4502, 62 from the FPL Center for Forest Mycology
Research, 12 from the research field Stes. Onthe map in Figure 1, the fidd Stesare
desgnated with astar and the Mycology Center collection Stes are designated gray. Fungi
that were newly isolated from field Stes railroad ties, pressure-trested wood and utility
poles were given an isolate number. All but 7 of the fungi were basidiomycetes and were



identified to gpecies The names of the basdiomycetes are given in Tables 1 and 2 below.
The pecies of the non-basdiomycetes remain unknown. Cultures of dl isolates are

maintained in the FPL Biodeterioration RWU.

Presarvative tolerance of the fungi was determined by the * choice test’, with the exception
of somefungi previoudy reported to be preservative tolerant. A tolerant rating was based
on funga growth toward or on treated wood.

The fungi identified by the choice test included 17 tolerant to CCA, 21 to ACQ, 12to
creosote and 5 to pentachlorophenol. We identified 8 isolates for future experimentson
presarvaive remediation. From the fast growing isolatesin the ‘choice test’ and the
Biodeterioration collection, 15 brown-rot and 5 white-rot isolates were tested for
degradation efficacy of creosote and pentachlorophenol treated southern yellow pine and
37 weretested for degradation of ACQ and CCA wood.



Tablel. Screening fungi for tolerance to preservatives by 'choice test'

procedure

Funqus

CCA

ACO

creosote

PCP

Antrodia radiculosa (FR-103272)
Antrodia radiculosa (MJL-630)

Antrodia radiculosa (FP-90848)

Antrodia radiculosa (FR-103272-sp)
Antrodia xantha (ME-268)

Antrodia xantha (FP-100046)

Ceriporia spissa (FP-133233-sp)
Ceriporia spissa (12A4ck)

Chain chlamydospora (ME-681)

Chain chlamydospora (Aho-TM-38)
Chain chlamydospora (Fiirto 23B)
Ceriporia spissa (RLG-6838-sp)
Crustoder ma dryinum(FP-133453-sp)
Crustoder ma dryinum(Kropp62C1)
Diplomitoporus lindbladii (FP-105349-sp)
Diplomitoporus lindbladii (FP-134600)
Gloeophyllum subferrugineum (FRI-417/R)
Gloeophyl lum subferrugineum (FRI-83(a)C)
Gl oeophyllum subfer rugineum (FPRI-508)
Gloeophyllum trabeum (Boat-228)
Gloeophyllum trabeum (Mad-617-R)
Gymnopilus sp (HHB-14860T)

Irpex lacteus (HHB-7328)

Melanoporia niger (MD-278)
Meruliporia incrassata (Mad-563)
Meruliporia incrassata (TFFH -294)

Neol entinus | epi deus(RLG-7891-sp)

Neol entinus | epi deus(HHB-13625)

Neol entinus | epi deus(Mad-534)
Peniphora pseudopini (HHB-4876-sp)
Peniphora pseudopini (HHB-11655)
Peniphora pseudopini (TCS-13)

Phaner ochaete chrysosporium (P6G)
Phaner ochaete chrysosporium (F43G)
Phaner ochaete chrysosporium (F65F)
Phaner ochaete chrysosporium (O55B)
Phanerochaete chrysosporium (F66C)
Phanerochaete omnivorum(KKN-112-sp)
Phaner ochaete omnivorum(HHB-5969)
Phanerochaete sordida (FR-101975)
Polyporus sp (FR101605-sp)
Phanerochaete sordida (Kropp 36T2)
Phaner ochaete chrysosporium (BKM -F1767)
Phanerochaete sordida (Kropp-36T2)
Phlebia concentrica (L-10540-sp)
Polyporus sp. (FR-134933)

Polyporus sp (FR101605)

Pycnoporus sanguineus (RLG-10851)
Schizophyllumcommune (TJV-935)
Sistotrema brinkmannii (HHB-10096-sp)

Trichaptum byssogenum (FR-105308-R)
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Table 2. Fungal Degradation of Preservative-Treated Wood*

Funaus Untreated ACO CCA
Meruliporia incrassata (TFFH-294) 622 +29 9.7 +5.7 36.8+ 2.7
Antrodia radiculosa (MJL-630) 326 +438 6.7 + 6.8 26.6+ 2.9
Meruliporia incrassata (Mad-563) 625+ 25 35+01 237+ 7.0
Antrodia radiculosa (FP-90848) 395+41 29.9 +14.3 20.1+ 7.7
Antrodia radiculosa (FP-103272-sp) 246 £ 6.0 0.7+0.1 6.5+ 4.7
Antrodia radiculosa (FP-105309-R) 272 +3.0 44+ 4.0 23+0.38
Antrodia radiculosa (L-11659-sp) 23.1+27 08+0.3 13+13
Phanerochaete omnivorum (KKN-112) 6.0+ 11 13+04 11+0.3
Gloeophyllum subferrugineum (FRI-88(a)c) 248 + 0.6 16+0.2 06 +0.4
Gloeophyllum trabeum (Boat-228) 33.7+17 14+03 06+1.9
Antrodia xantha (Boat-173) 33.8+65 20+0.8 04 +0.1
Antrodia xantha (ME-268) 48.6 + 6.6 21+05 04 +0.1
Pycnoporus sanguineus (RLG-10851) 165+ 21 1.0+01 04+0.1
Phanerochaete omnivorum (HHB-5969-sp) 56 + 43 1.7+02 02+04
Phanerochaete chrysosporium (F43G) 13+11 12+02 02+0.1
Antrodia xantha (ACC-111) 296 +3.1 13+06 01+0.1
Phanerochaete chrysosporium (055B) 05+0.2 1.3+01 01+0.1
Phanerochaete chrysosporium (F66C) 05+0.2 11+04 00+0.2
Antrodia xantha (ACC-109) 238+ 18 09+03 -01+0.1
Sistrotrema brinkmannii (HHB-10096-sp) 02+0.1 11+04 -0.1+0.1
Diplomitoporus lindbladii (FP-134600) 197+13 27+09 -02+0.3
Phanerochaete sordida (FP-101975) 18.7+10 16+0.6 -02+0.1
Sistrotrema sp. (ME-681) 0.3 +0.6 1.3+04 -0.2+0.1
Antrodia xantha (FP-100046-R) 20.7 + 2.2 22+04 -0.3+0.0
Antrodia xantha (ME-550) 31.0+20 1.0+04 -0.3+0.0
Phlebia concentrica (L-10540-sp) 9.4+10 12+02 -0.3+0.0
Schizophyllum commune (TJV-93-5) 02+03 11+04 -0.3+0.0
Phanerochaete chrysosporium (F65F) 02+01 13+03 -0.3+0.4
Ceriporia spissa (FP-133233) 01+03 09+0.2 -04+0.1
Diplomitoporus lindbladii (FP-105349) 45 +52 1.0+ 04 -04+0.4
Phanerochaete chrysosporium (P6G) 01+03 14+02 -04+0.5
Peniophora pseudopini (HHB-11655-sp) 0.8+0.9 1.0+04 -06+0.4
Polyporus sp. (FP-134933) 3.7+21 0.7+03 -0.6+0.4
Gloeophyllum subferrugineum (FRI417/R) 89+15 14+01 -0.7+0.3
Neolentinus lepideus (HHB-13625-sp) 388+53 14+03 -0.7+04
Gymnopylus sp. (HHB-14860-T) 48+ 0.9 14+08 -0.7+0.6

* Standard Method of Testing Wood Preservatives by Laboratory Soil-Block Cultures, ASTM D-1413-76



Table 3. Fungal Degradation of Preservative-Treated Wood*

Fungus Untreated Creosote PCP
Antrodia radiculosa (MJL-630) 270+29 17+02 15+0.1
Antrodia radiculosa (FP-90848) 510+ 21 21+0.2 26 +0.5
Antrodia radiculosa (FP-103272-sp) 208 +6.1 55+ 2.0 4.7 +2.3
Antrodia radiculosa (FP-105309-R) 201+ 4.2 29+038 24 +0.6
Antrodia radiculosa (L-11659-sp) 15.2 + 3.7 32+138 53+1.8
Antrodia radiculosa (HHB-11414-sp) 384 +4.0 15+02 12+0.3
Gloeophyllum subferrugineum (FPRI-508) -0.4+0.1 12+01 12+0.1
Gloeophyllum trabeum (Mad-617-R) 347 +£0.7 21+04 1.3+0.0
Gloeophyllum trabeum (Boat-228) 331+15 1.7+06 16 +0.3
Irpex lacteus (HHB-7328-sp) 21.5+02 12+01 13+0.2
Melanoporia niger (MD-278) 553 +5.2 14+01 1.3+0.0
Meruliporia incrassata (TFFH-294) 46.1 +1.7 18+0.2 19+0.3
Meruliporia incrassata (Mad-563) 59.7 + 3.0 15+0.0 41 +25
Neolentinus lepideus (RLG-7891-s) 273159 18+0.2 16 £0.1
Neolentinus lepideus (Mad-534) 223+19 41+07 15+01
Neolentinus lepideus (HHB-13625-sp) 33.6+39 15+0.1 12 +0.2
Phanerochaete chrysosporium (ME-461) -0.8+0.2 12+01 12+0.1
Phanerochaete chrysosporium (BKMF-1767) 0.3+09 09+01 11+0.1
Phanerochaete sordida (Kropp 36T2) 154+ 10 1.3+00 13+0.2
Polyporus sp. (FP-101605-s) 174+1.2 1.3+01 11+0.1

*Standard Method of Testing Wood Preservatives by Laboratory Soil-Block Cultures, ASTM D-1413-76



Thefungi identified by the choice test induded 17 tolerant to CCA, 21 to ACQ, 12 to
creosote and 5 to pentachlorophenol. We identified 8 isolates for future experiments on
presarvaive remediation. From the fagt growing isolatesin the * choice tes” and the FPL
Biodeterioration RWU collection, 15 brown-rot and 5 white-rot isolates were tested for
efficacy to degrade creosote and pentachlorophenal trested southern yellow pine, 37 were
tested for degradation of ACQ and CCA wood.

Isolatesof Meruliporia incrassata and Antrodia radicul osa gave the highest percent
degradation of ACQ and CCA-treated wood. Severd A. radiculosaisolaesand a
Neolentinus lepideus isolate grew on creosote-treated wood, but had only a 4-5% weight
loss. Although some fungi were identified as preservative tolerant by the 'choice test', they
did not degrade trested wood. We have sdlected at least 8 of these isolates for future
gudies on bioremediation. White- and brown-rot fungi exhibited differencesin tolerance
and decay cgpacities. The white-rot fungi did not degrade untreated wood, but gppeared to
have an effect on creosote and pentachlorophenal trested wood. White-rots were more
tolerant to organic while brown-rots were more tolerant to waterborne preservatives.
Results from these tests will be used for degradetion of waste wood as an dterndive to
landfills, referred to as compogting by some authors, or for bioremediation of preservatives
or clean-up Sites.
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