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EFFECT OF BLUE-STAINING ON THE RELEASE OF COPPER, CHROMIUM, AND
ARSENIC FROM CCA-C TREATED WOOD (Pinus resinosa Ait.)"

Ar. Gor. Dr. S. Nami KARTAL2*

Abstract

in this study, the effect of blue-staining on the leachability of CCA ele-
ments from CCA-C treated and stained red pine specimens was evaluated.
The specimens were first blue-stained in laboratory conditions using Cera-
tocystis pilifera, C. huntii, C. coerulescels, and Aurobasidiiim puillulans fungi
and then treated with 1% CCA-C solution. After fixation period, the speci-
mens were subjected to 336-h of leaching according to modified AWPA Stan-
dard method. The blue-staining fungi used in this study had no effect on ma-
jor vvood components, hovvever subsequent degradation of ray parenchyma,
tracheid wvalls and pits by blue-staining fungi used in this study caused incre-
asing of permeability of vwood. On the basis of ali leached elements, C. pilife-
ra and C. huntii caused somevvhat more leaching of CCA from the specimens
compared to percentage leaching rate of CCA in control specimens.

ILINTRODUCTION

The predominant inorganic compound used to pieserve vvood is chromated copper arsena-
te (CCA) in the United States. The copper, cliromium, and arsenic elements in the CCA treated
wvood are resistant to leaching and removal wvlien fixation reactions that occur to render the ele-
ments insoluble in vvater are completed (LEBOW/KARTAL 1999). Intcrest in leachability of pre-
servative components from treated vvood and its impact on the environmeiit has increased in re-
cent years in response to public concern about the environment since toxic ingredients from tre-
ated vvood are recognized as a potential source of soil contamination and vvater pollution.

Leaching of elements from CCA-treated vvood is affected by several factors such as fixa-
tion of elements in vwood, vvood species (hardvvood/softvvood, permeability, ete.), and conditions
at surrounding environment. LEBOW (1996) stated that retention level, surface area, and grain
orientation are ali factors that could also affcct the rate of pieservative release from treated vvood.

Bluestain or sapstain fungi are one of the most important colonizers of logs and savvn tim-
ber occuring soon after tree felling and savving operations and mainly belong to the Ascomycetes

N This study is a part of research conducted at the Forest Products Laboratory, Madison, W1, USA and supported by the
Forest Products Laboratory.
2 1.0, Orman Fakiiltesi Orman Biyolojisi ve Odun Koruma Teknolojisi Anabilim Dali
Yayin Komisyonuna Sunuldugu Tarih: 26.03.2001
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and Fungi Imperfecti. The bluestain of softvvood is a very common problem and is caused by va-
rious fungi including many species of Ophiostoma and Ceratocystis, black yeasts sucli as Arire-
obasidinim and dark molds such as Alternaria (SEIFERT 1993). Bluestain fungi have capability of
enhancing permeability of wood due to enzyme systems producing permeability enhancement.
Considcrable interest has been aroused for a long time by enhancement of permeability of refrac-
tory wood species (KING/EGGINS 1973). The use of such fungi to improve the permeability of
wood is adventageous since these fungi are selective in their attack. Although more uniform treat-
ment can be achieved with fungal pre-treatment of wood by blue-staining fungi, greater preserva-
tive loadings are also obtained. Greater preservative uptake and the larger surface area exposed by
blue-stain fungi colonization may have the potential to increase the rate of preservative leaching.
The objective of this study was to determine the release rates of copper, chromium, and arsenic
from blue-stained and CCA-C treated wood.

2. MATERIALS AND METHODS
2.1 Wood specimens

The sapvvood specimens, 7 by 20 by 70 mm long, were cut from a freshly felled red pine
(Piints resinosa Ait.) tree and immediately frozen in polyethylene bags prior to use.

2.2 Fungal inoculum

Four blue-staining fungi, Ceratocystis pilifera RWD-9472-B, C. huntii RD-776, C. coerit-
lescens C-256, and Aunrokasiclinm pullitlans MDX-18 were inoculated on 2 percent malt extract
agar (MEA) (20 g malt extract and 20 g Bacto agar in 1 liter distilled water) in petri dislies for 3
weeks at 23°C before inoculation of the specimens. Ali fungus cultures were obtained from the Fo-
rest Products Laboratory, Madison, W1, USA.

2.3 inoculation of the specimens

Each petri dish was flooded with 20 mi sterile deionized water and the surface of fungal
grovvth in the petri dish was rubbed with a transfer pipet in order to loosen fungal spores and
hyphal fragments. Two specimens were placed on glass rods in a glass petri dish (100 mm diante-
ter, 20 mm height) (Figtre 1). To maintain high humidity in the petri dishes during the test peri-
od, 5 layers of filter paper vvere placed on the bottom of each dish. Then the papers were wetted
with deionized vvater until free water appeared. The petri dishes including the specimens vvere then
autoclaved at 121°C, 15 psi for 20 inin and 5 mi of inoculum was taken into the transfer pipet and

Petri dish/Petri kabi

Glass rod/Cam cubuk

Wood spccimen/Odun érnegi

Filter paper and inoculum/
Filitre kagidi ve inokulum

Figire 1 : Placement of vvood specimens into petri dislies
Sekil I : Odun &rneklerinin petri kaplarina yerlestirilis sekli



Table 1. Chemical Analysis Results of Control and Blue-Stained Specimens
Tablo 1. Kontrol ve Mavi Renklenmis Odun Orneklerinin Kimyasal Analiz Sonuglari

Incubation time Wood carbohydrates / Odun Karbonhidratlari
Specimens Inktlbasyon suresi K. Lignin  Arabinan Galactan Rhamnan Glucan Xylan Mannan Total Carbohydrate Total Yield
Ornekler (week/hafta) Toplam Karbonhidrat Toplam Verim
Control / Kontrol - 28.0% 1.55% 1.35% 0.12% 44.78% 5.60% 12.26% 65.7% 93.7%
Ceratocystis pilifera 4 28.3% 1.63% 1.50% 0.21% 43.50% 6.38% 11.53% 64.7% 93.0%
28.6% 1.58% 2.10% 0.17% 42.74% 6.67% 11.38% 64.6% 93.2%
C. huntii 4 29.3% 1.47%  1.86% 0.14% 43.41% 6.00% 11.82% 64.7% 93.8%
28.6% 153%  1.42% 0.17% 43.75% 6.19% 11.94% 65.0% 93.5%
C. coerulescens 4 29.2% 1.53% 1.82% 0.13% 43.55% 6.03% 11.78% 64.8% 93.9%
29.7% 1.49% 2.10% 0.14% 43.15% 6.09% 11.52% 64.5% 94.1%
Aurobasidium pullulans 4 28.3% 1.51% 1.46% 0.14% 44.05% 6.02% 11.88% 65.1% 93.2%
29.0% 151% 1.50% 0.13% 43.49% 6.01% 11.95% 64.6% 93.5%

VOO D 3FSVI1E3d HL N ONINIVLS-IN1d D 103443
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performed on the radial surface and cross sections of the specimens. The inoculated petri dishes
were placed in polyethylene bags to prevent drying and incubated at 25°C and 70-80 perceiit rela-
tive humidity (RH). Incubation time was selected 4 and 8 weeks.

2.4 Preservative treatment of the specimens

After each incubation period, control and stained specimens were sterilized at 121°C, 15
psi for 20 min, conditioned to 12 percent moisture content at 20°C and 65 percent RH, and end-
coated with two coats of a neoprene rubber sealant. For treatment, 1.0 percent CCA-C solution was
used. The specimens wele treated in a desiccator at 100 mm Hg of vacuum subjecting AWPA EI 0-
91 Standard method (AWPA 1997). Then the specimens were subjected to the fixation procedure
at 20°C for 2 weeks.

2.5 X-ray spectroscopic analyses of treated specimens

In order to determine copper, chromium, and arsenic levels in the treated specimens, 2 cm
long part was cut from one end of each specimen and these parts vvere ground to pass a 40-mesh
screen. Resulting sawdust was assessed with an ASOMA X-ray fluorescence analyzer (ASOMA
Instruments, Austin, Texas).

2.6 Leaching of the specimens

After fixation course, three replicate samples of four specimens vvere subjected to modifi-
ed AWPA EI 1-97 Standard leaching test (AWPA 1997). Copper, chromium, and arsenic concent-
rations in leaching Solutions were determined with a Perkin Elmer 5100PC Atomic Absorption
Spectrometer (AAS) equipped with a Zeeman Furnace Modile. Leaching Solutions collected from
the 2-week leaching cycle vvere analyzed by eitlier graphite furnace or flame atomization, as app-
ropriate. Percentage of leached elcmcnts was estimated based on initial Cu, Cr, and As content in
treated specimens determined by X-ray spectroscopic analyses.

2.7 Chemical analyses of the sound and decayed specimens

Lignin and carbohydrate content of both control and stained specimens was determined to
investigate the effects of blue staining fungi. For lignin content in vvood, vwood specimens vvere
milled to pass a U.S. Standard 30-mesh (589 mm) screen and vacuum dried at 45°C. Approxima-
tely 100 mg of sample was hydrolyzed with 1.00 mi 72% H2504 for 1-h at 30°C. Samples vvere
diluted to 4% H2S 04 with deionized vvater, fucose vvas added as an internal Standard, and a secon-
dary hydrolysis wvas performed. A Standard mixture of sugars was hydrolyzed in parallel with each
batch of samples. Losses during primary hydrolysis vvere minimal and wvvere ignoied. Follovving
secondary hydrolysis, samples vvere immediately filtered and three vvashes with 5 mi deinoized
vvater were collected in 100 mi volumetric flasks and brought to voliime with vater. The acid-in-
soluble lignin residue (Klason lignin) was vvashed an additional six times wvith 10 mi hot deioni-
zed vvater and quantitated gravimetrically. Klason lignin values vvere corrected for ash content gra-
vimetrically follovving incubation of the lignin at 575°C for less than 3 hours.

Wood carbohydrates vvere determined by subjecting the samples to acid hydrolysis,' and
then analyzing the hydrolysates using anion exchange HPLC (High Performance Liquid Chroma-
tography) wvith pulsed amperometric detection. Sugar separation wvas achieved wvith Carbo-Pac
PA1 guard and analytical columns connected in series. Sugars vvere quantitated using an internal
Standard method and results vvere reported in terms of percent of the original sample mass (DA-
VIS 1998).
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2.8 Scanning electron microscope (SEM) examinations of control and blue-stained
specimens

The specimens were soaked in water and surfaced on a sliding microtome. The specimens
wecre then dried and mounted on aluminum stubs with silver paste and coated with gold. The spe-
cimens were then imaged using a scanning electron microscope at 15 kV.

3. RESULTS AND DISCUSSION
3.1 Chemical analyses of control and blue-stained specimens

Klason lignin and arabinan, galactan, rhamnan, glucan, xylan, and mannan contents were
about the sarne in both control and blue-stained specimens by C. pilifera, C. luintii, C. coerules-
cens, and A. pitllulans. The results showed that blue-staining fungi did not affect the main compo-
sition of vvood in terms of lignin and carboliydrates. It is well knovvn that staining fungi are the
initial colonizers of vwood and they invade the parenchyma and epithelial cells, and assimilate the
available nutrients, mainly non-structural vwvood components. It is also vvell recognized that solub-
le sugars and proteins are major nutrients for staining fungi in vwood (BLANCHETTE et al 1992,
GAO/BREUIL 1995).

3.2 CCA retention in control and blue-stained specimens

As expected, blue-staining improved the uptake of the treatment solution compared wvith
the CCA uptake in control specimens (Table 3). Average CCA retention in control specimens wvas
6.084 kg/nr3 vvhile CCA retentions varied betvveen 6.909 kg/m3 (C. pilifera-4 vveeks) and 7.128
kg/m3 (C. pilifera-8 vveeks).

3.3 SEM examinations of control and blue-stained specimens

In Figure 2, the penetration forms of fungal hyphae into tracheid wvalls and pits betvveen
tracheids are shovvn in blue-stained specimens. The SEM observations shovvcd that there was a ra-
pid grovvth of hyphae into longitudinal elements of the vvood. The grovvth in longitudinal axis was
via bordered pits and windows-like pits betvveen rays and longitudinal tracheids. In 4 and 8-week
blue-stained specimens by C. pilifera, several small holes in the tracheid wvalls around pits vvere
observed.

3.4 Leaching of CCA elements

Blue staining appeared to have no big effect on the amount of CCA elements from the
blue-stained specimens. On a pcicentage basis, the average amount of ehromium leached from the
ali blue-stained specimens vvas actually less than that from the control specimens (Table 3). Leac-
hed As contents from 4 and 8 vveek stained specimens by C. pilifera vvere somevvhat higher than
those from control specimens. Although leached Cu contents from 4 and 8-week stained speci-
mens by A. pullulans vvere somevvhat lovver than that from control specimens, ali blue-stained spe-
cimens shovved higher leaching rates in terms of Cu leachability. Percentage of Cu leached from
8 vveek stained specimens by C. huntii was the highest rate (3.05%) in ali elements leached from
the specimens hovvever higher leaching rates vvere obtained in As element compared to the other
elements leached.

Leaching rates of elements from the blue-stained specimens are higher during the early
stages of leaching, especially 1, 2, and 4th days. The 6, 8, 10, 12, and 14-day leaching data from
our study indicated that leaching from ali the treated specimens stabilized at very low release ra-
tes (Figure 3).
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Figlire 2:  Scanning electron micrographs sliovving the structure of blue-stained specimens (A: C.,pili-
fera on pits, B: A. pullulans on rays)

Sekil 2 Mavi renklenmis 6rneklerin elektron miksroskop gériinusleri. (A: Gegitler Gzerinde C. pilifera, B:
Oz iginlarinda A. pllulans)

Leaching results showed although higher CCA retentions in blue-stained specimens by C.
coendescens and A. piillulans were obtained, percentages leached of ali elements from tliese spe-
cimens were less than those of control specimens. Previous studies showed that leaching does not



Table 2. Perccntage of leached elements from wood specimens treated with CCA-C.
Tablo 2. CCA-C ile emprenye edilmis odun 6rneklerinden elementlerin yikanma miktarlari.

Specimens / Ornekler
incubation time (week)/

inkilbasyon zamani (hafta) Cu

Control / Kontrol . 0.91
0.31

Ceratocystis pilifera 4 1.38
0.34

8 2.03

0.17

C. huntii 4 1.69
0.60

8 229

162

C. cereluscens 4 110
0.42

8 131

0.21

Aurobasidium puUulam 4 0.85
041

8 0.90

0.25

Each value represents the mcan of three replicatcs of three specimens. Numbers in italics are Standard deviations

Cr

1.50
0.70

0.63
0.10

0.89
0.17

1.28
0.19

1.18
0.28

0.74
0.20

1.22
0.85

0.60
0.12

1.75
0.93

Leachcd Elements (ppm) / Yikanan Element Miktari (ppm)

Leachinc Duration (day) / Yikama periyodlan (gttn)

As

0.65
0.15

133
0.08

1.47
010

0.88
0.23

1.03
0.20

0.83
0.14

0.67
010

0.90
0.13

0.77
010

Her deger ii¢ drnekten olusan tic yikanma degerinin ortalamasini gésterir. italik numaralar Standard sapmalardir.

Cu

0.14
0.03

0.28
0.05

0.39
0.04

0.42
0.16

0.95
1.36

0.25
010

0.39
0.26

0.23
0.04

0.16
0.02

2
Cr

0.12
0.02

0.16
0.02

0.19
0.03

0.21
0.03

0.19
0.09

0.13
0.03

0.19
0.04

0.15
0.02

0.14
0.02

As
0.52
0.16

0.79
0.05

0.87
0.04

0.54
0.19

0.60
0.21

0.57
0.14

0.56
0.17

0.57
0.05

0.57
0.07

0.15
0.06

0.31
0.13

0.38
0.13

0.46
0.18

1.09
154

0.28
0.05

0.25
0.09

0.17
0.04

0.16
0.03

0.09
0.02

0.13
Q0L

0.15
oa

0.17
0.03

0.18
0.08

0.10
0.02

0.10
001

0.10
003

0.07
00

As

0.65
0.15

112
on

113
0.05

0.67
0.23

0.79
031

0.79
0.08

0.74
010

0.76
0.03

0.77
0.08
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Table 2: Extended
Tablo 2: Devami.

Cu

0.16
0.04

0.29
0.06

0.26
on

0.30
0.14

0.61
0.73

031
0.08

0.41
011

0.22
0.06

0.21
0.03

Cr

0.06
0.02

0.06
001

0.06
000

0.09
001

0.09
0.04

0.06
001

0.06
001

0.06
001

0.06
001

As
1.00
0.18

134
0./3

1.28
0.05

0.94
0.17

104
0.25

115
0.17

113
0.13

0.95
0.06

101
0.13

0.08
0.02

0.17
0.04

0.15
0.05

0.19
0.16

0.38
0-/5

0.16
0.04

0.18
0.05

0.10
0.03

0.11
0.02

0.05
001

0.03
0.00

0.03
000

0.05
0.02

0.05
0.02

0.03
000

0.05
001

0.05
000

0.05
001

Leached Elements (ppm) / Yikanan Element Miktari (ppm)

Leaching Duration (dav) / Yikama periyodlari (giin)

As

0.89
0.07

0.80
010

0.76
0.03

0.56
0.13

0.69
0.18

0.52
0.0/

0.58
0.09

0.73
0.04

0.78
00

Cu

0.05
0.0/

0.13
0.04

0.13
0.05

0.10
0.08

0.26
037

0.11
0.0/

0.11
0.05

0.09
0.04

0.06
001

10
Cr
0.04
001

0.04
0.0/

0.03
000

0.04
0.02

0.05
0.02

0.03
000

0.04
001

0.04
000

0.03
001

As

0.74
on

0.87
0.08

0.81
0.06

0.88
0.17

0.67
0.16

0.62
0.08

0.69
0.05

0.56
0.03

0.59
0.04

Cu

0.02
0.00

0.04
0.0/

0.04
001

0.04
0.04

0.08
0.12

0.02
0.0/

0.03
0.04

0.02
0.0/

0.01
000

Cr
0.04
001

0.04
001

0.03
0.0/

0.04
001

0.04
0.02

0.04
001

0.04
0.02

0.06
0.04

0.03
001

0.60
0./3

0.72
o./o

0.70
0.06

0.56
o./o

0.62
0.12

0.44
0.19

0.54
0.03

0.50
0.07

0.53
0.05

0.09
0.04

0.20
0.09

0.14
0.05

0.11
0.02

0.25
0.3/

0.12
0.05

0.14
0.05

0.11
0.05

0.11
0.03

14
Cr
0.05
001

0.05
000

0.04
0.00

0.04
001

0.06
0.03

0.04
0.00

0.04
001

0.04
0.0/

0.04
001

0.73
0.13

0.78
0.05

0.70
0.02

0.58
0.08

0.67
0.09

0.66
0.04

0.68
0.04

0.92
0.19

124
0.09

£
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Figire 3: Leached Cu, Cr, and As content from control and soiie bluestained wood specimens
Sekil 3: Kontrol ve bazi mavi renklenmis 6rneklerden yikanan Cu, Cr ve As miktarlari

increase in direct proportion to retention (LEBOW 1996). On the basis of ali leached elements, C.
pilifera and C. huntii caused somewhat more leaching of CCA from the specimens compared to
percentage rate of CCA in control specimens.

4. CONCLUSIONS

Blue-staining fungi had no effect on majér wood components, however subsequent degra-
dation of ray parenchyma, tracheid vvalls and pits by blue-staining fungi used in this study caused
increased permeability of wood. Increasing permeability increased the retention of CCA in stained
specimens. Although only one group (C. Inuitii-8 week) showed significaltly higher percentage of
CCA compared to control specimens, effect of blue staining is not associated with increased leac-



Table 3: Total leached elements from CCA-treated specimens
Tablo 3: CCA ile emprenye edilen érneklerden yikanan toplam element miktarlari

Specimens /
Ornekler
Control / Kontrol

Ceratocystis pilifera

C. huntii

C. cereluscens

Aurobasidium pullulans

Incubation time (week)/
Inkiibasyon zamani (hafta)

CCA Retention (kg/m3

CCA Retensiyon Miktari

(kg/m3
6.084

6.909

7.128

7.005

7.077

6.970

7.073

6.975

7.016

Cu

0.24
0.153

0.42
0.216

0.53
0.280

0.50
0.260

0.88
0.458

0.35
0.184

0.42
0.218

027
0.140

0.26
0.133

Total Leached

Elements (mg)

Toplam Yikanan
Elementler

(mg)
Cr

0.29
0.106

0.17
0.050

0.21
0.065

0.29
0.086

0.28
0.081

0.18
0.052

0.26
0.077

0.17
0.050

0.33
0.100

Each value represents the mcan of threc replicatcs of threc specimens. Numbers in italics are Standard deviations.
Her deger li¢ 6rnekten olusan i yikama degderinin ortalamasini gosterir, italik numaralar Standard sapmalardir.

As

0.87
0.335

1.18
0.368

1.15
0.372

0.84
0.267

0.92
0.289

0.84
0.267

0.84
0.263

0.88
0.281

0.94
0.298

Cu

1.02
0.006

1.44
0.005

1.86
0.005

1.74
0.002

3.05
0.002

123
0.193

1.46
0.190

0.94
0.004

0.89
0.004

Total Leached
Elements (%)

Toplam Yikanan
Elementler (%)
Cr
0.71
0.021

0.33
0.018

0.43
0.017

0.57
0.001

0.54
0.001

0.35
0.002

0.51
0.002

0.33
0.026

0.66
0.026

2.48
0.000

178
0.000

1.92
0.000

1.78
0001

175
0.001

1.88
0.001

1.99
0.001

INVN'S
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hing of CCA from the specimens. Despite the fact that this study evaluated only one vvood speci-
es-4 different blue staining fungi-2 different incubation period combination, it appears that the be-
nefits of increased retention derived from blue-staining can be obtained vvithout risk of increased
leaching due to increased CCA retention in treated vvood.
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ODUNDA MAVi RENK OLUSUMUNUN EMPRENYE EDILMiS ODUNDAN BAKIR,
KROM VE ARSENIK YIKANMASI UZERINE ETKISi

Ar. Gor. Dr. S. Nami KARTAL

Kisa Ozet

Bu ¢alismada mavi renk olusumunun emprenye edilmis aga¢c malzemeden
Cu, Cr ve As elementlerinin yikanmasi Uzerine etkisi incelenmistir. Dort fark-
I mavi renk mantari ile mavilesmis érnekler %1 konsantrasyonda CCA-C
¢Ozeltisi ile emprenye edildikten sonra 14 gun suren yikama islemlerine tabi
tutulmustur. Arastirma sonucunda mavi renk olusumun yikanan element
ylzdeleri tGzerine dnemli bir etkisi olmadigi belirlenmistir.

OZET

CCA, odunu korumak amaciyla ABD’de en fazla kullanilan bir emprenye maddesidir.
CCA ile emprenye edilmis odundaki bakir, krom ve arsenik elementleri, bu elementlerin suda ¢o-
ziinmezligini saglayan fiksasyon reaksiyonlari tamamlandiginda yikanmaya ve odundan ayrilma-
ya direnclidirler. Emprenye edilmis odundan yikanan toksik karakterdeki elementler toprak ve su
kirlenmesinin potansiyel kaynagi olarak kabul edildiklerinden dolayi, emprenye edilmis odundan
emprenye maddesi komponentlerinin yikanmasi ve bunun cevreye etkileri son zamanlarda buyiik
onem kazanmistir.

CCA ile emprenye edilen odundan elementlerin yikanmasi, elementlerin oduna fikse olup
olmamasi, odun tirl (yaprakli yada igne yaprakli aga¢ odunu, permeabilite) ve cevre sartlan gibi
cesitli faktorler tarafindan etkilenmektedir. Bununla birlikte, retensiyon seviyesi, odunun yilizey
alani ve kesit yonleri de énemli faktorlerdir.

Mavi renklenme yada genel anlamda renklenme olusturan mantarlar, ajac kesildikten ve
odun bicildikten hemen sonra gorilebilen ve esas olarak Ascomycetes ve Fungi Impeifecti grubu-
na dahil olan mantarlardir ve yuvarlak odun ve bigilmis aja¢ malzemenin en dnemli zararlilarin-
dandirlar. igne yaprakli aga¢ odunlarinda mavi renklenme genellikle sik rastlanan bir problem
olup, esas olarak Ophiostoma ve Ceratocystis mantarlari, Alirabasidium gibi "black yeast"ler ve
Alternaria gibi kif mantarlarinin gesitli tirlerini iceren organizmalar tarafindan olusturulmaktadir.
Mavi renk mantarlari kuflerinde permeabilite artirici gesitli enzim sistemlerine sahip olmalarindan
dolay! odunun permeabilitesini degradasyon sonucu artirmaktadirlar. Permeabilitenin mavi renk
olusumu ile artisi ile birlikte bu odunlarin emprenye islemleri sirasinda daha fazla retensiyon ve
nufuz derinlikleri elde edilebilmekte ve emprenye islemleri iyilestirilebilmektedir. Fakat artan per-
meabilite, yikanma sirasinda odun igerisinde suyun hareket edebilecegi alan miktarini ve empren-
ye maddesi absorpsiyonunu artirmakta ve bunun da yikanan element miktarini etkileyebilecegi du-
sunllmektedir. Bu arastirmanin amacit mavi renklenmis ve CCA-C ¢0zeltisi ile emprenye edilmis
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aga¢c malzemeden yikanan element miktarlarini kontrol érnekleri ile karsilastirmak ve mavi renk-
lenmenin yikanma Uzerine etkisini belirlemektir.

Arastirmada mavi renklenme olusturan mantarlar olarak Ceratocystis pilifera RWD-9472-
B, C. huntii RD-776, C. coerulescens C-256 ve Aurobasidium pullulans MDX-18 kullaniimis ve
Piinis resinosa Ait. odunun diri odunundan hazirlanan 6rnekler petri kaplari icersinde 4 ve 8 haf-
ta slire ile bu mantarlarin etkisine birakilmistir. Daha sonra 6rnekler %1 konsantrasyondaki CCA-
C cozeltisi ile emprenye edilmis ve oda sicakhiginda fiksasyon reaksiyonlari tamamlanmistir. AW-
PA EI 1-97 standarina g6re 14 glin sureyle emprenye edilen drnekler yikanarak yikama sulari her
degisimde toplanmis ve AAS (Atomic Absoiption Spectrometer) ile analiz edilmislerdir. Ornekle-
rin emprenye islemleri sirasinda absorbe ettikleri bakir, krom ve arsenik miktari X-isin1 spektros-
kopi analizleri ile belirlenerek érneklerden yikanan element miktarlari yiuzde olarak hesaplanmis
ve kontrol drnekleri ile karsilastiriimistir.

Ayrica mavi renk mantarlarinin odunun ana komponentlerinde yapmis olduklari degisik-
likler kimyasal analizler ile ve hiicre geperleri ve gegitlerde yapmis olduklari degisiklikler ise SEM
incelemeleri ile ortaya konmustur.

Yizde yikanan krom miktari esas alindiginda, tim mavilesmis érneklerden yikanan krom
miktarinin kontrol 6rneklerinden daha az oldugu bulunmustur. C. pilifera ile 4 ve 8 hafta degra-
de olan drneklerden yikanan arsenik miktari kontrol érneklerinden biraz daha yliksek elde edilmis-
tir. A. pullulans ile 4 ve 8 hafta degrade olan drneklerde yikanan bakir miktari kontrol 6rneklerin-
den biraz daha disik olmasina ragmen bitiin mavilesmis érnkler daha yiiksek bakir yilkanma ora-
ni gostermislerdir. C. huntii ile 8 hafta degrade olan érneklerden yikanan bakir ylzdesi tim yika-
nan elementler icinde en yiiksek degere sahip iken, arsenik genel anlamda en fazla yikanan ele-
ment olmustur.
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