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The release of arsenic from wood pressure-treated with
chromated copper arsenate (CCA) can be decreased
by application of wood finishes, but little is known about
the types of finishes that are best suited for this purpose. This
study evaluated the effects of finish water repellent
content and ultraviolet (UV) radiation on the release of
arsenic, copper, and chromium from CCA-treated wood
exposed to simulated rainfall. Deck boards treated with CCA
were either left unfinished or dipped in a finish prepared
with 1%, 3%, or 5% water repellent. All specimens were
exposed to leaching from simulated rainfall, and a
subset of specimens was also exposed to UV radiation.
The rainfall was collected and analyzed for total elemental
arsenic, copper, and chromium. The water repellent
significantly decreased the amounts of these elements in
the runoff, but for the short duration of this study there
was no difference among the three water repellent
concentrations. It is possible that water repellent content
would have a greater effect over a longer exposure
period. Exposure to UV radiation caused a significant
increase in leaching from both finished and unfinished
specimens. This effect may be a result of increased surface
area during weathering as well as loss of fibers caused
by UV-induced surface erosion.

Introduction
For several decades consumers have been able to purchase
pressure-treated wood at local lumberyards. This type of
treated wood, commonly known as green treated, is pressure
impregnated with the preservative chromated copper ar-
senate (CCA). Chromium, copper, and arsenic oxides in CCA-
treated wood are deposited in the wood cell wall through a
complex series of chemical “fixation” reactions that involve
the reduction of chromium VI to chromium III and the
formation of chromium and copper arsenate compounds.
Although the mechanism of this process is not fully under-
stood, the reaction products become highly insoluble in the
wood under normal pH conditions (1). However, a small
percentage of CCA components gradually release from the
wood through leaching and weathering. The amount of
leaching can be influenced by a number of factors, including
the dimensions and wood species of the treated product, the
preservative concentration in the wood, and the exposure
environment (2-4).

The contribution of weathering to release of CCA com-
ponents from treated wood is largely unknown, but there is
substantial information available on wood weathering and
its mechanism and the degradation of the surface (5-7).
These studies indicate that surface degradation begins with
UV-radiation-induced degradation of lignin followed by loss
of fibers (surface erosion). However, it has also been
determined that treatment with hexavalent chromium solu-
tions makes the surface resistant to degradation by UV
radiation (8, 9). Accelerated weathering of untreated wood,
wood treated with hexavalent chromium, and CCA-treated
wood demonstrated that CCA was even more effective than
hexavalent chromium in protecting the wood surface (10).
In that study, untreated southern pine eroded at a rate of
0.116 µm/h, whereas wood treated with hexavalent chromium
and CCA-treated wood eroded at 0.070 and 0.027 µm/h,
respectively (10). Although erosion of CCA-treated wood is
limited in comparison to that of untreated wood, any erosion
that does occur is expected to contribute to overall arsenic
release and surface availability.

Concerns about human arsenic exposure from decks and
playground equipment led to a recent agreement between
the Environmental Protection Agency (EPA) and CCA pro-
ducers to phase out the use of CCA-treated wood for most
residential applications (11). The EPA action has greatly
increased interest in using finishes to minimize arsenic
exposure from existing structures, but little information is
available on the types of finishes that should be applied for
this purpose. The properties of various types of finish vary
greatly (12), and factors such as water repellent content,
pigment concentration, binder system, and additives may
affect the ability of a finish to prevent release of CCA
components.

One report indicated that a clear water repellent finish
greatly decreased CCA release from fencing (13). Even after
2 years, arsenic concentration in rainwater collected from
finished samples was approximately five times less than that
from unfinished samples. However, the relation of these
findings to decking is uncertain because horizontal surfaces
such as decking receive more overall direct sun exposure
and more indirect UV radiation. In previous work comparing
vertical and horizontal exposures, the erosion rate was found
to be two to three times more rapid for boards exposed
horizontally (7). Horizontal surfaces are also more likely to
retain rainwater.

In an observational study of arsenic, copper, and chro-
mium concentrations in soil under residential decks, Stilwell
and Gorny (14) noted that levels appeared to be lower under
a painted deck. However, the study design did not allow a
controlled comparison. A preliminary study in our laboratory
(4) indicated that latex paint, oil-based paint, and semi-
transparent penetrating stain are all effective in decreasing
leaching from horizontal surfaces. All three types of finish
decreased the leaching of arsenic, copper, and chromium by
over 99% in comparison to leaching from unfinished
specimens. However, that study did not include the effect of
UV-radiation-induced surface degradation on the ability of
the finish to decrease leaching. Further evaluation is needed
to determine the effect of weathering on the ability of finishes
to decrease leaching and to determine the longevity of their
efficacy.

Because the release of arsenic, copper, and chromium
can involve leaching as well as surface weathering, the
mitigation of this release must involve both increasing the
water repellency of the wood and protecting the surface from
weathering. It is not practical to evaluate all finish formula-
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tions available to consumers because formulations often
change and their composition is usually proprietary. There-
fore it seems more appropriate to develop an understanding
of the role of finish components in minimizing leaching and
providing protection against weathering. The type and
amount of binder, pigment, and water repellent in the finish
will undoubtedly affect the rate of release of CCA components
from treated wood. Some coatings, such as paint, form a film
or barrier that prevents water from entering wood (15). In
the case of clear penetrating deck finishes, the water repellent
component is expected to play a major role. For pigmented
finishes, the pigment will greatly decrease the weathering
rate. However, these assumptions have not been quantified.

This study focused on the effect of finish water repellent
content on the release of arsenic, copper, and chromium
from CCA-treated wood. Using an apparatus to simulate
rainfall and a commercial weathering device, we evaluated
the effect of water repellent at three concentrations on
leaching and weathering of CCA-treated decking specimens.

Experimental Section
Specimen Preparation. Specimens were taken from five
Southern Pine boards 38 mm thick × 140 mm wide (nominal
2 × 6 in. lumber) that had been commercially treated with
chromated copper arsenate Type C (CCA-C) to a target
retention of 6.4 kg/m3. The boards were randomly selected;
the only selection criterion was absence of heartwood.
Heartwood, the nonliving center of a tree, is relatively
impermeable and typically contains very little preservative
after treatment. The boards were conditioned to constant
weight in a room maintained at 65% relative humidity and
23 °C. Six defect-free 254-mm-long specimens were then cut
from each board.

Each specimen was assayed for arsenic, copper, and
chromium content in a manner similar to that used to
determine retention in commercial charges (16). Samples of
wood 9.5 mm in diameter and 15 mm in depth were removed
from the narrow (vertical grain) face of each specimen and
digested and analyzed in accordance with American Wood-
Preservers Association (AWPA) Standard A21-00, Standard
Method for the Analysis of Wood and Wood Treating
Solutions by Inductively Coupled Plasma Emission Spec-
trometery (16). This method details the procedure for
digesting a wood sample and analyzing the resulting solution
for preservative components. The AWPA standard density
value for Southern Pine (512 kg/m3) was used to calculate
preservative concentration on a weight/volume basis (AWPA
Standard A12-01) (16).

Water repellent finishes were formulated with paraffin
wax concentrations of 1%, 3%, or 5% using mineral spirits
as the solvent and a 20% concentration of urethane varnish
as the binder (50% varnish solids content). To minimize
variability resulting from uncontrolled board properties (i.e.,
growth rate, permeability), matched specimens for each
treatment group were cut from each of the original five
boards. The 3% water repellent formulation was applied to
two of the six specimens cut from each board (total of 10
replicates) so that five replicates could be exposed to UV
radiation; the 1% and 5% formulations were each applied to
only one specimen from each board (5 replicates each). The
specimens were dipped in finish for 30 s. The remaining two
specimens from each board (10 replicates) were not finished.

Leaching, Weathering, and Analytical Methods. The
leaching methodology was intended to simulate leaching
from horizontal decking exposed to either rainfall alone or
rainfall and UV radiation. Although naturally occurring
rainfall may contain components such as sulfur and nitrogen
oxides as well as chlorine and sodium ions, we chose to use
deionized water in this study. The pH and composition of
natural rainwater vary by region and climate conditions, and

no single composition is broadly representative. Previous
researchers have concluded that in all but the most extreme
cases, the pH of naturally occurring rainfall is not sufficiently
low to significantly increase leaching of CCA components
(17, 18). A device was constructed to spray deionized water
onto the flat specimens. Ten air-atomizing, wide-angle, round
spray nozzles were supported on a 1.2- × 2.4-m wire grid at
a height of 1 m above the specimens. Each nozzle was
supplied with air and water through a flexible hose. The rate
of rainfall was controlled by adjusting the ratio of air:water
pressure supplied to the nozzles. Air pressure was regulated
at 345 kPa and water pressure at 241 kPa. This pressure
combination produced a spray of fine droplets at a rate of
3.0 mm/h. Preliminary experiments were conducted to
position the nozzles so that differences in rainfall on the
specimens were minimized. This was accomplished by
repeatedly collecting and weighing the rainwater delivered
to the empty specimen containers. The apparatus was
enclosed by removable plexiglass walls to minimize evapo-
ration and air movement.

High-density polyethylene specimen containers were
supported on a 1.2- × 2.4-m platform below the nozzles.
Specimens were laid horizontally, with the wide face turned
up, in trays 280 mm long × 150 mm wide × 114 mm deep;
the specimens were supported 20 mm above the bottom of
the trays so that they did not contact standing water. Hoses
attached to the bottom of the trays drained water runoff into
19-L low-density polyethylene collection containers below
the platform.

Specimens were assigned randomly to the trays prior to
the first phase of the simulated rainfall and were returned
to the same position for each subsequent rainfall episode.
The specimens were sprayed for 9 h/day for 5 days, resulting
in approximately 140 mm of rainfall. At the end of the 5-day
period, the water in the collection container was weighed,
acidified with nitric acid, and subsampled for analysis. The
leachate samples were analyzed for total elemental arsenic,
chromium, and copper by inductively coupled plasma (ICP)
emission spectrometry. The detection limits of the method
(defined as the concentration of the element producing a
signal-to-noise ratio of 2.0) were approximately 5 µg/L for
arsenic and 2 µg/L for chromium and copper. The collection
container was emptied before reattaching it to the specimen
tray; the water was not reused or recirculated. Care was taken
to minimize risk of sample contamination. The specimen
and collection containers were prewashed with dilute nitric
acid. Sample vials used in ICP analysis were prewashed and
were not reused. With the exception of the stainless steel
nozzles, metallic components were not used in construction
of the rainfall simulator. Tubing and attachments were
constructed of poly(vinyl chloride), rubber, nylon, or polypro-
pylene. The support frame was constructed of untreated
wood.

At the end of each 5-day period, five replicates of
unfinished specimens and five replicates of specimens
finished with the 3% water repellent formulation were then
removed from the rainfall simulator and transferred to a
xenon-arc weathering chamber. Specimens were attached
in the chamber so that the face exposed to rainfall would
also be exposed to UV radiation. Specimens were exposed
to UV radiation for 10 days (240 h) without water spray.
Relative humidity was maintained above 30% during the
weathering phase to prevent excessive drying. The irradiance
was about 65 W/m2 for the 300-400 nm range. The remaining
specimens were not exposed to UV light and remained at
ambient conditions in the rainfall simulator during this time.

The UV-exposed specimens were then returned to the
rainfall simulator and all the specimens were exposed to
rainfall for an additional 5 days. This process was repeated
until all the specimens had been exposed to six rainfall
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episodes, and selected specimens had been exposed to five
episodes of UV radiation exposure. This exposure pattern
simulated approximately 838 mm of rainfall and 1200 h of
UV radiation exposure over a period of 5.5 months. These
exposures correspond to approximately 1 year of outdoor
exposure averaged across the mainland United States.

Specimens were subjected to a pull-off test using clear
cellophane tape. Pieces of tape approximately 50 mm long
were pressed to the surface and burnished firmly with thumb.
Tape was pulled from the surface at a 90° angle. The tape
was analyzed by X-ray dispersive analysis (EDXA). Specimens
with pulled-off fibers were mounted on carbon stubs using
double-stick carbon tape. These specimens were analyzed
in a scanning electron microscope. Spectra were acquired at
15 kV for 60 s.

Statistical Analysis. The amounts of arsenic, chromium,
and copper leached from the wood were analyzed as repeated
measures experimental designs using the Mixed procedure
within the Statistical Analysis Software (SAS) (19). The mixed
model structure for both arsenic and copper included a
heterogeneous variance structure for each treatment with a
separate variance estimate and autoregressive parameter
estimate. The mixed model structure for chromium assumed
compound symmetry over time, with separate variance
estimates for weathered and nonweathered treatments to
accommodate heterogeneity across the two types of treat-
ments.

Estimates of total leaching and individual degree of
freedom contrasts to test for differences in these totals were
constructed and evaluated in SAS. Since all treatment totals
were contrasted within each component leached, multiple
comparison adjustments for each component were made
with the Bonferroni method to hold the family wise error
rate at 0.05. For each of the 15 comparisons, the comparison-
wise error rate (0.05/15) was 0.0033. The probability (p) values
and multiplicity adjustment are considered approximate for
complicated repeated measurement structures (20).

Results and Discussion
CCA Retention and Penetration. The average concentrations
of arsenic, chromium, and copper oxides in the decking
specimens were relatively uniform between treatment groups
(Table 1). Consequently, it is unlikely that observed differ-
ences in leaching between the treatment groups are at-
tributable to differences in retention. The CCA retentions
were also very close to the 6.4-kg/m3 target retention for this
commodity (16). Visual inspection of the cross sections
showed that penetration of preservative was complete in
most specimens, although a few had a small amount (about
5% of cross-section area) of untreated wood at the center of
the board.

Effect of Water Repellent Finish. Application of water
repellent finish greatly decreased leaching compared with
leaching from unfinished specimens (Table 2). The greatest

effect was observed for arsenic, which appeared to be the
most leachable CCA element from unfinished wood. As
reported previously (2), chromium was the least leachable
element. The effect of water repellent on leaching of arsenic
was similar to that reported by Cooper et al. (13) but less
than that reported by Lebow et al. (4) in an evaluation of
paints and a semitransparent stain. It is likely that the binder
in paints and stains forms a protective film that is more
effective in decreasing leaching than is a water repellent alone.

The percentage of wax in the finish did not have a
significant effect on leaching for the duration of this study.
The total amounts leached for each formulation are shown
in Table 2, with statistical mean differences indicated for
each element. For unweathered specimens, wax content did
not significantly affect the total amount of copper, chromium,
or arsenic leached. This may indicate that the 1% water
repellent is sufficient to prevent water movement in the wood
or that the varnish binder component of the finish has a
large role in inhibiting leaching. It is possible that water
repellent concentration may have a greater effect after a
longer exposure, as the water repellency begins to decline.
A concern with water repellent finishes is that they will
gradually lose their ability to retard leaching and that over
time the amount of leaching might increase to levels similar
to that from unfinished wood. During the course of this study
no increase in leaching was observed over time, although
the quantity of each element released from unfinished
specimens declined more rapidly than that from finished
specimens. Cooper et al. (13) reported that a commercial
water repellent finish continued to limit leaching from fence
units 2 years after application.

In this study, leaching of all three CCA components
decreased with repeated rainfall episodes for all specimens
(Table 2). The amounts of arsenic, chromium, and copper
released for the water repellent treated specimens began to
plateau after the fourth rainfall episode, while release from
the unfinished wood continued to decline in the final leaching
episode. This decline was most rapid for copper and
chromium. This pattern of release is typical for preservative
treated wood, and it is even more evident when wood is
leached via submersion (2, 21). Initial leaching reflects the
loss of poorly fixed or readily available preservative com-
ponents (2), and it may be that these more readily leached
forms of the preservative are contained within the wood by
the finish.

The amount of leaching from the end grain of treated
wood is greater than that from other surfaces because water
is able to move more readily along than across the grain.
Because the specimens used in this study were much shorter
than typical deck boards and therefore had a greater
proportion of exposed end-grain, we might expect less
leaching from a typical deck board in outdoor exposure. In
this study, specimens were not end-sealed to maximize
leaching and to better differentiate the effects of the finishes.
The contribution of end grain to leaching can be estimated
by comparing the results of this study to those of a previous
study in which end-sealed samples were exposed to the same
simulated rainfall conditions (22). In the previous study,
unfinished specimens leached an average total of 10.3 mg of
arsenic, 5.7 mg of chromium, and 6.5 mg of copper. In the
study reported here, average total release from unfinished,
unweathered specimens was 18.7 mg of arsenic, 5.8 mg of
chromium, and 9.6 mg of copper (Table 2). This comparison
indicates that arsenic release is nearly doubled by the
contribution of end-grain leaching, with lesser effects on
leaching of chromium and copper. As a result, the ability of
the finish to prevent leaching from the end grain of the short
pieces of wood used in this study was more critical than it
would be for full-length decking.

TABLE 1. Average Retention of CCA Components in Treatment
Groups

average retention (kg/m3)a

finish and exposure As2O5 CrO3 CuO
total CCA

(oxide basis)

1% wax, no UV 2.28 (0.67) 2.65 (0.50) 1.47 (0.26) 6.40 (1.42)
3% wax, no UV 2.32 (0.77) 2.74 (0.70) 1.50 (0.30) 6.57 (1.76)
3% wax, with UV 2.27 (0.71) 2.67 (0.64) 1.45 (0.30) 6.39 (1.65)
5% wax, no UV 2.29 (0.52) 2.68 (0.47) 1.47 (0.22) 6.43 (1.19)
no finish, no UV 2.23 (0.63) 2.66 (0.62) 1.42 (0.26) 6.31 (1.48)
no finish, with UV 2.32 (0.57) 2.70 (0.45) 1.48 (0.21) 6.51 (1.21)

a Values in parentheses represent one standard deviation from the
mean.
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Effect of UV Radiation Exposure. Exposure of specimens
to UV radiation in the weathering chamber resulted in
substantial and statistically significant increases in the
amounts of arsenic, chromium, and copper leached (Table
2). This effect was observed for both finished and unfinished
specimens. For the unfinished specimens, the UV exposure
increased leaching of all three CCA elements by a factor of
3. The proportional increase was even greater for specimens
that had been coated with the finish containing 3% wax,
although leaching from finished specimens remained sig-
nificantly below that from unfinished, UV exposed specimens
(Table 2). The large increase in leaching after UV exposure
may have been a result of the combined effects of surface
erosion (loss of wood fiber from surface) and checking
(formation of small cracks in surface parallel to grain). A
considerable increase in surface checking, surface roughen-
ing, and loosening of the fiber was observed on the boards
exposed to UV radiation.

When the specimens were subjected to a pull-off test using
clear cellophane tape, fibers were observed only on the tape
from the weathered surfaces (Figure 1). X-ray dispersive
analysis of the tape from the weathered surfaces showed
considerable arsenic, copper, and chromium in comparison
to tape from the unweathered surfaces (Figure 2). This effect
was particularly notable for the unfinished specimens.

Lignin is preferentially degraded when wood is exposed
to UV light, leading to a loss of wood fiber. Although CCA
treatment slows this process, some degradation does occur.
UV exposure, as part of weathering, has been reported to
erode the wood structure, particularly earlywood cells. The
accelerated weathering study by Feist and Williams (10)
indicated that CCA decreased the erosion rate by a factor of
about 4 (0.116-0.027 µm/h). In another recent outdoor study
(7), the rate of erosion of fibers from the surface of horizontally
exposed Southern Pine was found to be 87 µm/year.
Decreasing this rate by the same factor of 4 because of the
effect of CCA gives an erosion rate of about 22 µm/year for
CCA-treated wood. For the 1200-h accelerated UV exposure,
erosion would be expected to be about 30 µm. Although we
did not measure loss of fiber, the tape test indicated that the
surface had been degraded and that the fibers were loosened.
If wood fibers had been lost during the simulated rain
exposure, arsenic, copper, and chromium would have been
extracted by the acid treatment of the leachate. Thus, the
greater preservative release detected after UV exposure may
have partially resulted from mechanical loss of wood substrate
rather than from leaching. The mechanism of release from
the treated wood may have practical implications. Copper,
chromium, and arsenic leached into the environment might
be expected to be most bioavailable if released in the ionic

TABLE 2. Average Amount of Total Elements Leached after Each Rainfall Episodea

average amount leached (mg)

finish and exposure
rainfall
episode arsenic chromium copper

1% wax no UV exposure 1 1.85 (0.31) 1.44 (0.49) 1.86 (0.32)
2 0.88 (0.22) 0.27 (0.20) 0.72 (0.09)
3 1.13 (1.18) 0.18 (1.13) 0.64 (1.01)
4 0.50 (0.32) 0.06 (0.08) 0.32 (0.14)
5 0.36 (0.25) 0.02 (1.37) 0.20 (0.13)
6 0.29 (0.26) 0.00 (0.00) 0.20 (0.08)
total 5.00 (0.48) A 1.97 (0.83) A 3.94 (0.27) A

3% wax no UV exposure 1 1.90 (0.47) 1.70 (0.61) 1.76 (0.21)
2 0.83 (0.22) 0.27 (0.31) 0.76 (0.31)
3 0.52 (0.20) 0.09 (0.31) 0.43 (0.22)
4 0.45 (0.39) 0.10 (0.58) 0.32 (0.28)
5 0.35 (0.37) 0.03 (1.39) 0.23 (0.21)
6 0.26 (0.46) 0.02 (2.24) 0.21 (0.21)
total 4.32 (0.28) A 2.20 (0.74) A 3.70 (0.14) A

3% wax with UV exposure 1 1.65 (0.33) 1.52 (0.56) 1.71 (0.11)
2 6.48 (0.18) 2.79 (0.09) 4.02 (0.08)
3 4.50 (0.17) 1.63 (0.08) 2.99 (0.07)
4 4.23 (0.13) 1.56 (0.08) 3.14 (0.12)
5 3.23 (0.19) 1.32 (0.16) 2.45 (0.12)
6 3.07 (0.18) 1.31 (0.14) 2.08 (0.14)
total 23.17 (0.14) B 10.13 (0.26) C 16.39 (0.07) C

5% wax no UV exposure 1 1.57 (0.30) 1.53 (0.64) 1.65 (0.21)
2 0.67 (0.17) 0.21 (0.40) 0.61 (0.07)
3 0.48 (0.27) 0.07 (0.16) 0.33 (0.21)
4 0.42 (0.31) 0.05 (0.65) 0.29 (0.27)
5 0.34 (0.51) 0.01 (2.24) 0.22 (0.19)
6 0.30 (0.54) 0.04 (1.43) 0.25 (0.32)
total 3.79 (0.29) A 1.91 (0.83) A 3.36 (0.09) A

no finish, no UV exposure 1 5.03 (0.20) 2.80 (0.19) 3.49 (0.15)
2 3.81 (0.22) 1.23 (0.13) 2.48 (0.16)
3 3.57 (0.29) 0.91 (0.10) 1.90 (0.24)
4 2.88 (0.32) 0.50 (0.27) 0.93 (0.37)
5 1.94 (0.37) 0.26 (0.33) 0.46 (0.34)
6 1.44 (0.33) 0.14 (0.43) 0.31 (0.34)
total 18.67 (0.22) B 5.84 (0.25) B 9.57 (0.17) B

no finish, with UV exposure 1 4.48 (0.22) 3.26 (0.30) 3.34 (0.25)
2 9.86 (0.18) 3.86 (0.10) 6.24 (0.14)
3 10.10 (0.12) 3.24 (0.10) 6.61 (0.12)
4 10.48 (0.23) 2.76 (0.22) 5.77 (0.16)
5 9.96 (0.26) 2.31 (0.34) 4.83 (0.25)
6 8.71 (0.21) 2.04 (0.14) 4.00 (0.12)
total 53.58 (0.15) C 17.47 (0.15) D 30.79 (0.11) D

a Values in parentheses are coefficients of variation (standard deviation divided by the mean). Average totals with the same letter are not
significantly different (comparisons are within elements).
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form, but studies on leaching of these components have not
revealed whether they are leached in ionic form, as copper
or chromium arsenates, or as complexes with inorganic or
organic ligands (2). CCA elements released in the form of
treated wood fibers would be expected to have lower
bioavailability than those that are solubilized in rainwater
(23). Even without UV effects, activities such as foot traffic
or refinishing may cause fibers to dislodge from treated wood,
contributing to environmental concentrations. This mech-
anism of release may partially explain the relatively high
concentrations of chromium, copper, and arsenic reported
in a survey of soil beneath residential decks (14). Surface
checking from the combined effect of UV degradation and
wetting and drying cycles may have also increased the wood
surface area and provided a mechanism for the increased
leaching of CCA components.

The water repellent protection is limited to the surface
and to a rather shallow depth into the wood. Surface

checks provide a route for entry of water into the wood
and thus may also increase the leaching of CCA. Regard-
less of the mechanism, the role of UV exposure in leach-
ing appears to be important for both CCA-treated wood
finished with water repellent and unfinished CCA-treated
wood. These findings suggest that finishes that prevent
UV degradation of the surface of CCA-treated wood may
be of great value in minimizing release of preservative
elements. Further investigation of this UV effect is under-
way.
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FIGURE 1. Surface of clear cellophane tape after pull-off test: (a) no UV radiation (0% wax), (b) no UV radiation (3% wax), (c) UV radiation
(0% wax), and (d) UV radiation (3% wax). Fibers were observed only on tape from the weathered surfaces (c, d).

FIGURE 2. X-ray dispersive analysis of clear cellophane tape removed from wood, showing considerable arsenic, copper, and chromium
in comparison with tape from unweathered surfaces.

VOL. 37, NO. 18, 2003 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 4081



Literature Cited
(1) Cooper, P. A. Leaching of CCA from treated wood: pH effects.

Forest Prod. J. 1991, 41(1), 30-32.
(2) Lebow, S. T. Leaching of wood preservative components and

their mobility in the environment. Summary of pertinent
literature; Gen. Tech. Rep. FPL-GTR-93; U.S. Department of
Agriculture, Forest Service, Forest Products Laboratory: Madi-
son, WI, 1996; p 36.

(3) Lebow, S. T.; Lebow, P. K.; Foster, D. O. Part I. Leaching and
environmental accumulation of preservative elements. In
Environmental impact of preservative treated wood in a wetland
boardwalk. Res. Paper FPL-RP-582; U.S. Department of Agri-
culture, Forest Service, Forest Products Laboratory: Madison,
WI, 2000; p 126.

(4) Lebow, S. T., Brooks, K. M, and Simonsen, J. Environmental
impact of treated wood in service. In Proc., Enhancing the
durability of lumber and engineered wood products, February
11-13, 2002, Kissimmee, FL, pp 205-216, Forest Products
Society, Madison, WI, 2002.

(5) Williams, R. S.; Knaebe, M. T.; Sotos, P. G.; Feist, W. C. Erosion
rates of wood during natural weathering. Part I. Effects of species,
grain angle and surface roughness. Wood Fiber Sci. 2001, 33(1),
31-42.

(6) Williams, R. S.; Knaebe, M. T.; Feist, W. C. Erosion rates of wood
during natural weathering. Part II. Earlywood and latewood
erosion rates. Wood Fiber Sci. 2001, 33(1), 43-49.

(7) Williams, R. S.; Knaebe, M. T.; Evans, J. W.; Feist, W. C. Erosion
rates of wood during natural weathering. Part III. Effect of
exposure angle on erosion rate. Wood Fiber Sci. 2001, 33(1),
50-57.

(8) Black, J. M.; Mraz, E. A. Inorganic surface treatments for weather-
resistant natural finishes; Res. Pap. FPL-232; U.S. Department
of Agriculture, Forest Service, Forest Products Laboratory:
Madison, WI, 1974; p 40.

(9) Williams, R. S.; Feist, W. C. Wood modified by inorganic salts:
mechanism and properties. I. Weathering rate, water repellency,
and dimensional stability of wood modified with chromium-
(III) nitrate versus chromic acid. Wood Fiber Sci. 1985, 17(2),
184-198.

(10) Feist, W. C.; Williams, R. S. Weathering durability of chromium-
treated southern pine. Forest Prod. J. 1991, 41(1), 8-14.

(11) EPA. 2003. Manufacturers to use new wood preservatives,
replacing most residential uses of CCA. http://www.epa.gov/
pesticides/citizens/cca_transition.htm.

(12) Williams, R. S.; Feist, W. C. Water repellents and water repellent
preservatives for wood; Gen. Technol. Rep. FPL-GTR-109; U.S.

Department of Agriculture, Forest Service, Forest Products
Laboratory: Madison, WI, 1999; p 1.

(13) Cooper, P. A.; Ung, Y. T.; MacVicar, R. Effect of water repellents
on leaching of CCA from treated fence and deck units. An update;
IRG/WP 97-50086; International Research Group: Stockholm,
Sweden, 1997.

(14) Stilwell, D. E.; Gorny, K. D. Contamination of soil with copper,
chromium and arsenic under decks built from pressure treated
wood. Bull. Environ. Contam. Toxicol. 1997, 58, 22-29.

(15) Feist, W. C.; Little, J. K.; Wennesheimer, J. M. The moisture-
excluding effectiveness of finishes on wood surfaces; Res. Pap.
FPL-462; U.S. Department of Agriculture, Forest Service, Forest
Products Laboratory: Madison, WI, 1986; p 38.

(16) AWPA. Book of standards. Standard A21-00, Standard Method
for the Analysis of Wood and Wood Treating Solutions by
Inductively Coupled Plasma Emission Spectrometery. American
Wood Preservers Association, Granbury, TX, 2001.

(17) Cooper, P. A. Leaching of CCA from treated wood. In Proceedings,
Canadian Wood Preservers’ Association; 1990; Vol. 11, pp 144-
169.

(18) Murphy, R. J.; Dickinson, D. J. The effect of acid rain on CCA
treated timber; IRG/WP/3579; International Research Group:
Stockholm, Sweden, 1999.

(19) SAS Institute Inc. SAS/STAT User’s Guide. Version 8; SAS Institute
Inc.: Cary, NC, 1990.

(20) Westfall, P. H.; Tobias, R. D.; Rom, D.; Wolfinger, R. D.; Hochberg,
Y. Multiple comparisons and multiple tests using the SAS system;
SAS Institute Inc.: Cary, NC, 1999; p 416.

(21) Kartal, S. N.; Lebow, S. T. Effects of incising on treatability and
leachability of CCA-C treated eastern hemlock. Forest Prod. J.
2002, 52(2), 44-48.

(22) Lebow, S. T.; Foster, D. O.; Lebow, P. K. Rate of CCA leaching
from commercially treated decking. Forest Prod. J. In press.

(23) Brooks, K. M. Assessment of the environmental effects associated
with wooden bridges preserved with creosote, pentachlorophenol,
or chromated copper arsenate; Res. Pap. FPL-RP-587; U.S.
Department of Agriculture, Forest Service, Forest Products
Laboratory: Madison, WI, 2000; p 100.

Received for review April 4, 2003. Revised manuscript re-
ceived June 19, 2003. Accepted July 1, 2003.

ES0343048

4082 9 ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 37, NO. 18, 2003


