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PREFACE

The National Exposure Research Laboratory, EPA’s Office of Research and Development
and the Antimicrobials Division of EPA’s Office of Pesticide Program has prepared this document
to address exposures and risks to children from contact with Chromated Copper Arsenate (CCA)-
treated wood in playsets and decks, and CCA-contaminated soil around these structures. In
October 2001, OPP presented a proposed deterministic exposure assessment approach specific to
CCA to the FIFRA (Federal Insecticide, Fungicide, and Rodenticide Act) Scientific Advisory
Panel (SAP). One of the primary SAP recommendations was to use a probabilistic model to
predict variability of absorbed doses for the population of interest. This document provides a
probabilistic risk assessment based on exposure results from the model as recommended by the
SAP.

In general, arisk assessment should include hazard identification, hazard assessment,
exposure assessment, and risk characterization. In this document, OPP collaborated with ORD to
develop comprehensive state-of-the-art techniques to complete a complex risk analysis of children
exposed to CCA-treated wood at residential sites.

This report fulfills the following EPA basic guiding principles for assessing risk to CCA:
(2) identifying the population (i.e., children) exposed to CCA-treated playsets and decks as part of
the “problem formulation” phase, (2) gathering sufficient information to develop and model the
exposures, (3) conducting sensitivity analysis, (4) discussing the correlation or dependencies
between the input variables, (5) detailing information for each input and output distribution,
including information on the stability of central tendency and higher end values, (6) comparing the
results of deterministic and probabilistic assessments, and (7) using the best available toxicity
information to combine with the exposure estimates to calculate risks. The current policy,
Conditions for Acceptance and associated principles are not intended to apply to dose-response
evaluations for human health risk assessments until this application has been studied further
(Agency Policy Document, 5/15/1997). Currently, OPP does not have the Guidance to perform
the probabilistic analysis of toxicity endpoints.

Three steps were used by OPP to complete this document. The first step used a
deterministic risk assessment approach. The second used a custom-designed probabilistic model
for wood preservative use exposure scenarios. The third step was the risk analysis based on the
exposure model outputs and the toxicity endpoints recommended by the SAP and other EPA
offices (OW, ORD, OCHP, Superfund and OPP).

This report provides the results of a study that used the output of (1) a probabilistic
exposure assessment for children who come into contact with CCA-treated playsets and decks
based on the Stochastic Human Exposure and Dose Simulation Model for the Wood Preservative
Exposure Scenario (SHEDS-Wood) developed by the ORD; and (2) the toxicity data for arsenic

Xi
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and chromium to develop probabilistic risk assessment for children who contact CCA-treated
playsets and decks.

There are several other risk assessment reports related to children’s exposure from CCA-
treated playsets and decks. These reports have been developed by researchers outside of
EPA/OPP. Additionally, research is ongoing that focuses on dislodgeable arsenic surface residues
and risk reduction options based on the application of sealants. However, this assessment uses
state-of-the-art analyses and is different from previous risk assessments in the available literature.

Xii
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1.0 EXECUTIVE SUMMARY

The U.S. Environmental Protection Agency’s (EPA) Office of Pesticide Programs (OPP)
is aware of increased concerns raised by the general public, municipal and state governments, and
state/federal regulatory agencies regarding the safety of young children contacting arsenic and
chromium residues while playing on Chromated Copper Arsenate (CCA) treated wood
playground structures and decks. Because of this concern, OPP’' s Antimicrobials Division (AD),
with the recommendation of the Federal Insecticide, Fungicide, Rodenticide Act (FIFRA)'s
Scientific Advisory Panel (SAP) and the assistance of the Office of Research and Development
(ORD), has conducted a probabilistic exposure assessment entitled the Stochastic Human
Exposure and Dose Simulation Model for the Wood Preservative Exposure Scenario (SHEDS
Wood). SHEDS-Wood provides exposures reported as average daily doses (ADDs) and lifetime
average daily doses (LADDs). Children’s exposures may occur through touching CCA-treated
wood and CCA-contaminated soil near treated wood structures, mouthing hands after touching
CCA-treated wood, and eating CCA-contaminated soil. Since EPA has determined that the
arsenic and chromium components of CCA pose the most significant toxicity concernsin
comparison to copper, which is not a recognized or suspected carcinogen, the Agency focused on
evaluating potential adverse short-term (1-day to 1-month), intermediate-term (1 to 6 months)
noncancer exposure doses for total arsenic and chromium as Cr(V1), and lifetime average cancer
exposure doses from total arsenic. Some of the key terms used in the SHEDS-Wood exposure
report are summarized in Table 1-1.

OPP developed a preliminary deterministic risk assessment (Internal Draft Only) on May
30, 2001 (U.S. EPA, 20014). Inthisinternal draft, OPP reported on a preliminary exposure and
risk assessment on the chromium and arsenic components of CCA to determine the potential
health risks to children from contact with CCA-treated wood playground structures and CCA-
contaminated soil resulting from use of CCA on lumber used in the fabrication of playground
equipment and related structures commonly found in residential settings. The U.S. EPA (2001a)
internal draft report was later revised and incorporated as a preliminary exposure assessment on
September 27, 2001 (U.S. EPA, 2001b), which was later reviewed by the FIFRA SAP (U.S.
EPA, 2001c). The exposure factors used in the U.S. EPA (2001a) assessment were primarily
conservative upper bound estimates for short- and intermediate-term noncancer risk. The mean,
or central tendency exposure factors were used for cancer risk.. The results of the U.S. EPA
(20014) arsenic cancer risk assessment were comparable to the upper bound estimates in this
probabilistic risk assessment. Using an initial oral arsenic cancer slope factor (Q*) of 1.5
(mg/kg/day)?, U.S. EPA (2001a) reported a cancer risk of 2.0E-4 which would be equivalent to
5.0E-4 using the Q,* of 3.67 (mg/kg/day)™ identified in this report. The arsenic probabilistic
cancer risks presented in this report were 1.4E-4 for the 95" percentile, 2.3E-5 for the median,
and 4.2E-5 for the mean. The results for the means in the probabilistic assessment are similar to
the 75" percentile for several exposure scenarios.

1-1
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Table 1-1. Definitionsof Key Terms Used in the SHEDS-Wood Risk Assessment

Key Term

Definition

Population

OPP's primary population of interest for this assessment were children in the United States who frequently contact CCA-treated wood residues
and/or CCA-containing soil from public playsets (e.g., at a playground, a school, a daycare center). Children playing on residential playsets
were the secondary focus. SHEDS-Wood also examined a subset of these children who contact CCA-treated wood residues and/or CCA-
containing soil from residential playsets and/or residential decks (i.e., at the child’s own home or at another home). Results from both groups of
children (those who contact public playsets only, and those who contact public and residential playsets) were presented in this report.

The focus of this assessment was on estimating the risk to children from contact with various sources of CCA-treated wood. The primary
population considered in this assessment was children with public playsets. EPA believes that more young children are exposed to CCA-
treated public playsets than residential playsets because children spend more time on public playsets at schools and daycare centers. EPA also
believes that children playing on public playsets would affect alarger population of children. More data were available for public playsets than
residential playsets. Further, CPSC and other groups have also focused their review on children exposed to public playsets.

Warmyvs.
Cold Scenarios

The SHEDS-Wood report referred to separate ‘warm climate’ and ‘cold climate’ scenarios. However, the Consolidated Human Activity
Database (CHAD) diaries that were used in SHEDS-Wood were missing specific state locator information. Instead of using geographical
locations, ‘warm climate’ and ‘ cold climate’ were simulated by modifying inputs such as surface area of unclothed skin and time spent on
playsets and decks. See the text and tables (e.g., Table 12) of Zartarian et al. (2003) for more details regarding the assumptions for warmvs.
cold climates.

With and Without
Decks

With or without decks was used to indicate whether or not the population of children examined in the assessment had aresidential deck or not.
The term “ with deck” was used to indicate that a child was exposed to aresidential deck (i.e., at the child’s own home or at another home) and
aplayset. Theterm* without decks’ was used to indicate that a child was exposed to a playset only (Zartarian et a., 2003).

Sealant (Moderate
and Maximum
Reduction)

Exposure reductions from sealants was assessed in SHEDS-Wood using two assumed reduction levels: moderate (90% residue reduction) and
maximum (99.5% residue reduction). The use of the sealants reduced the arsenic residue concentrations which resulted in a corresponding
reduction in arsenic exposure. EPA derived the assumed reduction estimates based upon the available literature on sealants and the comments
provided by the FIFRA SAPintheir review of sealant data (see Appendix F for more details).

Hand Washing

Hand washing was considered for all the modeled scenariosin SHEDS-Wood. Several different input distributions were used for hand washing
events per day, hand washing removal, etc. In addition, a special analysis was simulated in SHEDS-Wood to estimate the exposure after a
child washes his or her hands after playing on a playset or deck. In addition, exposures were modeled using hand washing in combination with
amoderate reduction in residues because of the use of a sealant and hand washing in combination with a maximum reduction in residues
because of the use of a sealant.

Time Periods

For the CCA assessment presented in this report, three exposure time periods were considered: short-term (represented in SHEDS-Wood by a
15 day averaging time; 1 day to 1 month), intermediate-term (represented in SHEDS-Wood by a 90 day averaging time; 1 to 6 months), and
lifetime (6 years exposure over a 75-year lifetime).

Exposure Pathways

There were eight primary exposure pathways considered in SHEDS-Wood: dermal soil contact near decks; dermal residue contact from decks;
soil ingestion near decks; residue ingestion from decks (via the wood-to-hand-to-mouth pathway); dermal soil contact near playsets; dermal
residue contact from playsets; soil ingestion near playsets; and residue ingestion from playsets (via the wood-to-hand-

to-mouth pathway). Dermal exposure was also computed separately for hands and body, and results were aggregated for decks and playsets, as
well as over all pathways.

As pointed out by CPSC (2003a), it is possible in extreme cases that pre-schoolers may occasionally directly mouth portions of awood play
structure, although this behavior is not likely to be frequent for most playground users. Inhalation exposure to particulates for children that are
present during sandblasting of CCA-treated surfaces would also be another potential pathway. These less common pathways were not included
into the CCA risk assessment. Other potential sources of exposure not included in this assessment or other related CCA risk assessments
include child exposures to picnic tables, porch railings and uprights, contact with pets and objects that have contacted treated wood, and CCA
residues and soil that are brought indoors from outside.

Soil vs. Residue
Exposure

SHEDS-Wood examined ingestion and dermal exposure routes for children from contact with CCA-contaminated soil and wood residues. Soil
exposure refers to dermal contact with CCA-contaminated soil and soil ingestion. Residue exposure refers to dermal contact with CCA-treated
wood and ingestion for residues from CCA-treated wood via hand-to-mouth contact.




After review of the September 27, 2001 deterministic exposure assessment, SAP
recommended that a probabilistic assessment be developed to examine the exposure scenarios
U.S. EPA (2001c). In 2002, SHEDS-Wood probabilistic model was presented to the SAP for
review and recommendations from the panel. After incorporation of comments from the SAP, a
draft final report was prepared on September 25, 2003. The probabilistic exposure assessment
present results for absorbed doses (both ADD and LADDS). The results of the draft final
SHEDS-Wood probabilistic exposure assessment were used in this risk assessment. It should be
noted, however, that the existing policy, Agency Policy Document (5/15/97), indicated that the
“Conditions for acceptance and associated principles are not intended to apply to dose-response
evaluations for human health risk assessments until this application has been studied further”.
Currently, OPP does not have the Guidance to perform the probabilistic analysis of toxicity
endpoints. Some of the major findings from the probabilistic assessment include:

? Children who contact playsets only were found to have lower absorbed doses than
children who contact both playsets and decks by a factor of 2.

? Warm climate bounding scenarios yielded higher results than cold climate
scenarios.

? For children who contact both playsets and decks, the mean arsenic LADDs were
reduced by afactor of 14 and median arsenic LADDs were reduced by a factor of
17 when residue concentrations were reduced by 99.5%.

? For children who contact both playsets and decks, the total mean and median
arsenic LADDs were both reduced by a factor of 1.3 when hand washing was
assumed to occur following exposure.

? Children with pica soil ingestion behavior had about 2-3 times higher absorbed
mean doses (totaled over all pathways considered) of arsenic than non-pica
children from CCA-treated playsets and decks. The risks estimated for children
with pica soil ingestion behavior were higher than for non-pica children.

? Assuming a mean arsenic dermal absorption rate of 0.01% rather than 3% for
children who contact playsets and decks in warm climates, the mean and median
arsenic LADDs were 30% and 26% lower, respectively.

? The most significant exposure route for the population of interest for most
scenarios was residue ingestion via hand-to-mouth contact, followed by dermal
contact, soil ingestion, and dermal soil contact.

Risks that arise from the predicted exposures were quantified in this risk assessment. This
report follows OPP guidance. This risk assessment includes a background chapter on issues
related to children’s exposure to CCA-treated wood and the reasons that EPA conducted a non-
dietary probabilistic assessment (see Chapter 2.0); describes the arsenic and chromium exposures
generated by the SHEDS-Wood model (see Chapter 3.0); summarizes the arsenic and chromium
toxicity endpoints in a hazard assessment (see Chapter 4.0); characterizes the risks for the
exposures generated by the SHEDS-Wood model (see Chapter 5.0); characterizes the reduction
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impacts for the exposures generated by the SHEDS-Wood model (see Chapter 6.0); and discusses
the uncertainty, strengths, and limitations associated with this risk assessment (see Chapter 7.0).
In addition, the following appendices are provided:

Appendix A Hazard Identification and Toxicology Endpoint Selection for Inorganic Arsenic
and Inorganic Chromium

Appendix B Risk Spreadsheets

Appendix C  Comparison of Total Risks to Risk Reduction Impacts

Appendix D Comparison of Residue and Soil Risk

Appendix E  Summary of Relative Bioavailability Studies

Appendix F SAP Report No. 2001-12, FIFRA Scientific Advisory Panel Meeting

Appendix G Effects of Hand Washing on Risks from Exposure to Residues

The goal of this risk assessment is to present the SAP with the calculated arsenic cancer
risks to children (age 1-6) exposed to CCA-treated playsets and decks using a probabilistic risk
analysis. It alsoidentifies methods (e.g., sealants and hand washing) which can reduce the arsenic
cancer risks to children. However, there is no concluding statement regarding the percentiles of
the distribution or point estimates (e.g., mean, 50", 90", 95", etc) at which risk management
decisions will be made. OPP intends to provide recommendations on how risk managers should
interpret the results of this risk assessment, after receiving technical comments from the FIFRA
SAP on evaluating probabilistic risk distributions. OPP will carefully consider the FIFRA SAP's
comments on this issue.

Noncancer Margins of Exposure (MOESs) and cancer risks to children exposed to CCA-
treated playsets and decks and/or CCA-containing soil from these playsets and decks were
calculated from doses generated using OPP/ORD’ s SHEDS-Wood model for chromium and
arsenic. The exposure assessment considered children, ages 1 to 6 years old* Risks dueto
possible exposure to Cr(V1) for the soil ingestion route were estimated, conservatively, by
assuming 10% of total chromium was present as Cr(V1). For chromium, as Cr(V1), the toxicity
value used was 0.5 mg/kg/day (a NOAEL) for noncancer effects. The toxicity value for total
arsenic used in this assessment were 3.67 (mg/kg/day)* (slope factor) for cancer effects and 0.05
mg/kg/day (a LOAEL) for noncancer effects. The Agency is currently considering
recommendations by the National Research Council (NRC) and the arsenic slope factor may
change in the final version of thisrisk assessment. The arsenic carcinogenic risk is a conservative
estimate of the risk because the cancer slope factor is characterized as a upper-bound estimate.
Therefore, the true risks to humans, while not identifiable, may not be likely to exceed the upper-
bound estimates and in fact may be lower. Noncancer risks were evaluated against OPP's

! Exposure durations modeled were short-term (1 day to 1 month), intermediate-term (1
to 6 months), and lifetime (6 years averaged over 75 years).
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guidance for MOE values for arsenic and chromium for short-term and intermediate-term
exposure durations. Lifetime cancer risks from arsenic exposure were compared to EPA/OPP's
risk range of 10° to 10™. Risks were found to be greater under warm climate conditions than
cold climate conditions (M OEs were lower for warm climates). Exposure to playsets and decks
had higher risks than exposure to playsets alone. Noncancer MOEs for arsenic were found to be
above EPA/OPP s guidance MOE of 30 for all exposures, except at the extreme upper end of the
distribution. Cr(V1) risks were found to be above the guidance MOE of 100 for all doses. These
noncancer MOEs are summarized in the upper portion of Table 1-2. Cancer risks exceeded the
upper bound of the risk range, 10, at cumulative percentiles ranging from the 90th for warm
climate conditions and exposure to CCA-treated playsets and decks, to the 99th for cold climate
conditions and exposure to playsets only. Across all exposure scenarios, carcinogenic risks were
found to be less than 10 at cumulative percentiles of the 9th and lower, meaning at least 91% of
the simulated population had risks above 10°. The lower portion of Table 1-2 presents the
cumulative percentiles at the three levels of EPA’s risk range.

Table 1-3 presents the arsenic cancer risks from four points on the cumulative probability
curve: mean, median, 95" percentile, and 99" percentile. Risks at the mean and median were
found to be in the range of 10° to 10°°. At the 95™ percentile, the risk level for exposure to decks
and playsets under warm climate conditions was at 10*. Risk levels for other conditions of
exposure at this percentile ranged from approximately 4 x 10° to 8 x 10°°.

The influence of the dermal absorption factor was evaluated. Baseline risks were
determined using a dermal absorption factor of 2 to 3%. Risk levels were also calculated using
the lower arsenic dermal absorption factor of 0.01%. Changing the dermal absorption factor by
approximately two orders of magnitude reduced risk by 26% to 47%, depending on the exposure
scenario and the cumulative percentile of interest.

An analysis comparing the arsenic risks from soil exposure versus residue exposure (i.e.,
contact with CCA treated wood surfaces only) was conducted for both sources of exposure:
playsets alone and playsets with decks. The estimated risks should be viewed as approximations,
however, because residue and soil risks were summed across routes at the quartile level and this
incurs inaccuracies. Residue risks were found to be greater than soil risks. For contact with
playsets only, this difference ranged from a factor of approximately 7 at the 50" percentile to 10
at the 99" percentile. Differences were larger for playsets and decks. At the 50" percentile,
residue risk for playset and deck exposure was slightly greater than 10°, and approximately 10 at
the 95" percentile. Soil only risk for both playset only exposure, and playset and deck exposure
exceeded 10° at the 95™ percentile.
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Table 1-2. Summary of Risk Assessment Results

Noncancer MOESs for Arsenic and Chromium 2

Sour ce of Climate Duration of Arsenic Chromium
Exposure Exposure MOE <30 MOE <100
Playset Only Warm Short & >09.6™ Percentile | None
Intermediate
Cold
Playset and Deck | Warm Short & >09.6™ Percentile | None
Intermediate
Cold

a Chromiumiis represented as Cr(V1) for the soil ingestion route only.

Cancer Risksfor Arsenic ®

Sour ce of Cumulative Percentiles at Specified Risk Levels
Exposure Climate
10° 10° 10
Playset Only Warm 3 47" 7"
Cold g 69" 99"
Playset and Deck | Warm <1 231 oo"
Cold 2m 49" a7

P Percentiles in this table represent the percent of the simulated population that have risks less than or equal to the stated risk

level; e.g., at 10, 3% of the population have risks less than 10° and 97% have risks greater than 10°.

Table 1-3. Arsenic Cancer Risks

Arsenic (Q,*= 3.67 (mg/kg/day)?)
Scenario Mean Median 95%ile 99%ile
Warm Cold Warm Cold Warm Cold Warm Cold
Playset and 4.2E-05 2.2E-05 2.3E-05 1.1E-05 1.4E-04 7.8E-05 3.1E-04 1.6E-04
Deck
Playset Only 2.3E-05 1.2E-05 1.1E-05 5.4E-06 8.3E-05 4.5E-05 2.4E-04 8.9E-05
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In 2001, the FIFRA SAP recommended that additional research was needed to evaluate
the performance and efficacy of different brands of coatings. EPA recently completed the
protocol to begin additional research on the effectiveness of sealants on weathered CCA-treated
wood. Inthe SHEDS-Wood exposure assessment, the concentration of wood surface residue
was considered as the key variable based on the sensitivity analysis in the SHEDS-Wood exposure
report. Therefore, using the existing data from Stilwell (1998) and CDHS (1987) (see Chapter
6), EPA assumed two reduction levels: moderate (90% residue reduction) and maximum (99.5%
residue reduction) to assess reductions in exposure, and thus risk, based on the use of sealants.

Different mitigation measures to reduce exposure to arsenic-containing residues and, thus
risk, were evaluated. Many of the recommendations to reduce arsenic concentrations are based on
the activities of the homeowner and can only be considered guidance. The SHEDS-Wood model
guantified exposures based on reduction in the residue concentration resulting from the use of
sealants and/or hand washing. No reduction in soil exposure was considered as part of these
mitigation simulations. Although soil concentrations may be reduced over time with the use of
sealants, it was conservatively assumed that soil concentrations were the same as under baseline
conditions. Results of five different mitigation conditions are summarized in this report. Two of
the mitigation conditions simulated the effect of a hypothetical sealant on reducing exposure to
dislodgeable residues. For moderately effective sealant conditions, the residue concentration was
assumed to be reduced by 90%; for maximally effective sealant conditions, residue concentration
was assumed to be reduced by 99.5%. The other type of mitigation measure simulated was
increasing the frequency of hand washing. This was considered alone and in combination with the
sealant conditions. These different mitigation measures were evaluated for the warm climate
condition only, as that had the greater exposure and, thus, risk. The effect of reducing risk was
considered at the 10 risk level. Increasing the frequency of hand washing alone or in
combination with sealants had a minimal effect compared to no mitigation on the cumulative
percentile at the 10° risk level. Note that although hand washing may not have had a significant
impact on total risk from both (i.e., from both soil and residues), it did have a significant impact
on the dermal and oral routes from the surface residue pathways. The largest change was for the
maximum reduction assumption for contact with playsets only under warm climate conditions,
where the 107 risk level was at the 57" percentile compared to the 3™ percentile at baseline.
Table 1-4 compares the cumulative percentiles at the three risk levels for the various mitigation
measures considered. Figure 1-1 shows a comparison of carcinogenic risks at the 95" percentile
for baseline to the five different mitigation conditions described. Figure 1-2 shows the same
comparison across baseline and mitigation conditions, but for the 50" percentile.

Figure 1-3 compares the effects of the residue mitigation measures to baseline conditions
for playset and decks exposure. This plot shows the approximate residue only risk for the
maximum and moderate reduction in residue concentration, and baseline conditions. Under the
maximum reduction assumption, residue risks were decreased by over 2 orders of magnitude at
the 95" percentile and by approximately 3 orders of magnitude at the 50" percentile.
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Table 1-4. Summary of Arsenic Risks Assuming Different Mitigation
Measuresfor Warm Climate Conditions

Cumulative Per centiles at Specified Risk Levels

Mitigation Measure Risk Level of Risk Level of |Risk Level of
10° 10° 10*
Playset Only
1. Sealant- moderate reduction 27" o4 >9g"
2. Sealant — maximum reduction 57 g7t >9g"
3. Hand washing 5 59 >9g"
4. Sealant-moderate + hand washing 28" g2M >9g"
5. Sealant-maximum + hand washing 58 96" >9g"
6. Baseline 3 47" g7t
Playset and Deck

1. Sealant-moderate reduction 10" 80" >9g"
2. Sealant-maximum reduction 42" o4t >9g™h
3. Hand washing <1 28" o5
4. Sealant-moderate + hand washing 0™ 84t >9g™h
5. Sealant-maximum + hand washing 44" 93¢ >9g"
6. Baseline <1 23 oo

Note: The baseline scenario includes a certain amount of hand washing. Hand washing, as a mitigation scenario, increases the
frequency of this activity over baseline. See Appendix G for more information on hand washing.
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Figure 1-1 Arsenic Cancer Risk at the 95% Per centile (Warm Climate)
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Figure 1-2 Arsenic Cancer Risk at the 50% Per centile (Warm Climate)
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Figure 1-3 Comparison of Residue Only Risksfor Playsets and Decksfor Warm Climate
(Maximum Reduction, M oder ate Reduction, Baseline)
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A qualitative assessment of uncertainty was conducted. Uncertainty in the risk
characterization was a result of the combined uncertainty of the exposure assessment generated by
SHEDS-Wood and the uncertainty in the toxicological factors. No quantitative evaluation of the
uncertainty in the toxicity factors was conducted. A qualitative evaluation of the toxicity values
showed that they were at the upper end of the range of atheoretical distribution because they
incorporated several conservative assumptions. An in depth uncertainty and sensitivity analyses
of the SHEDS-Wood exposure assessment was performed by Zartarian et al. (2003). For
uncertainty, the two (out of six listed) most critical inputs were: transfer efficiency and residue
concentration. Sensitivity analysis showed that the most influential variables were: transfer
efficiency, residue concentration, fraction of hand mouthed, and amount of hand washing. Total
uncertainty in the exposure assessment was estimated at a factor of 3-4.

Uncertainty was not modeled in this risk assessment. For carcinogenic risks, it is likely
that the uncertainty is asymmetrical around the factor of 3-4 because slope factor accounts for
several conservative assumptions. Thereis alow probability that the risks are higher, and a
greater probability the risks are lower. For noncancer effects, the uncertainty is also
asymmetrical. The MOE's are likely to be underestimated (i.e., they could be greater). Again,
thisis due to the LOAEL and NOAEL coming from the upper portion of the theoretical
distribution. For chromium, there is the added conservative assumption that 10% of total
chromium is present as Cr(V1). Taken together with the NOAEL, there is a much greater
probability that the Cr(V1) MOEs are larger than those reported, and far lower probability that
they are less than reported.
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2.0 INTRODUCTION AND BACKGROUND
2.1 I ntroduction

The U.S. Environmental Protection Agency’s (EPA) Office of Pesticide Programs (OPP)
is aware of increased concerns raised by the general public, municipal and state governments, and
state/federal regulatory agencies regarding the safety of children contacting arsenic and
chromium residues while playing on Chromated Copper Arsenate- (CCA-) treated wood
playground structures and decks. Because of this concern, OPP’'s Antimicrobials Division (AD),
with the recommendation of the Science Advisory Panel (SAP) and the assistance of the Office of
Research and Development (ORD), has conducted probabilistic assessments to evaluate potential
childhood exposure to arsenic and chromium components of CCA-treated wood in decks, home
playsets and public playground structures, and contaminated soils commonly found in these
settings. This report focuses on the non-dietary assessment of CCA in treated wood.

OPP/AD’s preliminary approach was reviewed by the SAP in 2001, which used a
deterministic exposure assessment methodology for CCA-treated wood. SAP's primary
recommendation to OPP was that a more comprehensive probabilistic assessment should be
developed to examine the exposure scenarios presented in the deterministic assessment in 2001.

OPP requested the assistance of ORD in developing a model to conduct a probabilistic
exposure assessment for CCA-treated wood. The Stochastic Human Exposure and Dose
Simulation Model for the Wood Preservative Exposure Scenario (SHEDS-Wood), a probabilistic
exposure model developed by the National Exposure Research Laboratory (ORD/NERL), was
used to develop the exposure assessment for children exposed to CCA-treated playsets and decks.
In 2002, SHEDS-Wood was presented to the SAP for model review and for recommendations
from the panel. After incorporation of comments from the SAP, a draft document prepared by
OPP and ORD in 2003, entitled A Probabilistic Exposure Assessment for Children Who Contact
CCA-treated Playsets and Decks Using the Sochastic Human Exposure and Dose Smulation
Mode for the Wood Preservative Exposure Scenario (SHEDS-Wood) (Zartarian et al., 2003),
together with this draft risk assessment report, A Probabilistic Risk Assessment for Children Who
Contact CCA-treated Playsets and Decks, are scheduled to be reviewed by the SAP in December
2003. The SHEDS-Wood document provides exposures, reported as average daily doses
(ADDs) and lifetime average daily doses (LADDs); it does not report risk estimates. The
purpose of this report is to provide the results of arisk analysis, conducted by OPP, that uses the
ADDs and LADDs generated by SHEDS-Wood in combination with toxicological endpoints for
CCA (i.e., based on chromium and arsenic) selected by OPP. This document reports on
children’s risks to CCA using the multiple routes, multiple pathways, and dose estimates
developed from the SHEDS-Wood draft document.
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This OPP risk assessment provides background information on issues related to children’s
exposure to CCA-treated wood and the reasons that EPA conducted a non-dietary probabilistic
assessment (see below); describes the exposures generated by SHEDS-Wood (see Chapter 3.0);
summarizes the arsenic and chromium toxicity endpoints for children used in this risk assessment
(see Chapter 4.0); characterizes the risks for the exposures presented in the SHEDS-Wood model
(see Chapter 5.0); characterizes risk reduction impacts for the exposures presented in the
SHEDS-Wood model (see Chapter 6.0); and discusses the uncertainties, strengths, and limitations
of this risk assessment (see Chapter 7.0).

2.2  Background

Chromated Copper Arsenate (CCA) wood preservatives containing chromium (Cr),
copper (Cu), and arsenic (As) as pesticidal compounds, protect wood from deterioration. They
are predominantly used to pressure treat lumber intended for outdoor use in constructing a variety
of residential landscape and building structures, as well as home, school, and community
playground equipment. Children may potentially be exposed to the pesticide residues remaining
on the surfaces of the treated wood structures as well as the residues leached into the surrounding
soil. EPA is aware of increased concerns raised by the general public and state regulatory
agencies regarding the safety of CCA-treated wood for residential applications. The children’s
risk assessment presented herein evaluates exposure routes and pathways anticipated as realistic,
considering activity patterns and behavior of young children near residential playsets, public
playsets, and residential decks. Children’s exposure may occur through touching CCA-treated
wood and CCA-contaminated soil near treated wood structures, mouthing hands after touching
CCA-treated wood, and eating CCA-contaminated soil. Since EPA has determined that the
arsenic and chromium components of CCA pose the most significant toxicity concernsin
comparison to copper, which is not a recognized or suspected carcinogen, the Agency focused on
evaluating potential adverse short-term, intermediate-term, and lifetime exposures and non-
cancer/cancer risks to children from arsenic and chromium as Cr(V1). The SHEDS-Wood model
developed by ORD was selected by OPP to conduct the probabilistic children’s exposure and
dose assessment for CCA (Zartarian et al., 2003). The exposure doses generated by SHEDS-
Wood were used in conjunction with toxicity data for arsenic and chromium as Cr(V1) to estimate
the risks presented in this report.

2.2.1 Regulatory History of CCA

Regulatory actions involving inorganic arsenical wood preservatives, including CCA,
began nearly 25 years ago. An administrative review process was initiated in 1978 to consider
whether the registration of certain wood preservative chemicals (pentachlorophenol; cod tar,
creosote and coal tar neutral oil; and inorganic arsenicals) should be canceled or modified. A
separate Notice of Rebuttable Presumption Against Registration and Continued Registration
(RPAR) was issued for each heavy-duty wood preservative under consideration. A RPAR is
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issued when the Agency determines that a pesticide meets or exceeds any of the risk criteria
relating to acute and chronic toxic effects, as set forth under the Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA). Registrants then have the opportunity to submit evidence in
rebuttal of the Agency’srisk presumptions. The RPAR for inorganic arsenicals (43 FR 202) was
published on October 18, 1978, along with a supporting Position Document (PD 1). According
to that document, the risk criteria met or exceeded by inorganic arsenicals were: oncogenicity,
mutagenicity, and fetotoxic/teratogenic effects. The RPAR generated substantial registrant
comments, but these risks remained unrebutted after the RPAR process.

The Agency issued a Preliminary Notice of Determination (PND), concluding the RPAR
process, which was published in the Federal Register of February 19, 1981 (46 FR 13020). This
notice, along with the supporting Position Document (PD 2/3), stated the Agency’s determination
that the wood preservative chemicals continued to exceed the risk criteria which provided the
basis of the RPARSs. To reduce the risks, the Agency proposed certain modifications to the terms
and conditions of registration, including certain protective clothing requirements, classifying all
inorganic aresenical wood preservatives as Restricted Use (available to certified applicators only),
and a mandatory program to provide users of treated wood with handling, use and disposal
precautions.

The preliminary determinations described above were submitted to the FIFRA SAP and
the U.S. Department of Agriculture (USDA) for review. Comments were also solicited from
registrants and any other interested persons. The Agency considered the comments received and
made modifications to the proposed decision announced in the PND. A public meeting was
conducted on April 14, 1983 to allow interested persons to comment on the proposed changes.
Their comments were considered in the development of the final determination, which was a
Notice of Intent to Cancel (NOIC), published in the Federal Register of July 13, 1984 (49 FR
136), along with a supporting Position Document (PD 4).

Several trade associations and numerous registrants requested hearings to challenge the
Agency’ s determinations in the July 13 NOIC. The Agency published a Federal Register Notice
on October 31, 1984 (49 FR 43772), postponing the effective date of the labeling modifications
for those registrants who filed applications for amended registration in response to the NOIC.

On January 30, 1985, the Agency published an additional Federal Register Notice (50 FR 4269)
announcing that persons other than registrants could continue to sell and distribute existing stocks
of wood preservative products with existing labeling until further notice. Pre-hearing meetings
were held between the Agency and some of the mgjor parties who had requested hearings, during
which alternative, mutually acceptable, mechanisms for achieving the regulatory goals set forth in
the NOIC were discussed. After careful consideration of some of those alternatives, the Agency
concluded that certain changes to the July 13, 1984 NOIC were appropriate and consistent with
the Agency’ s goal of protecting the public from unreasonable adverse effects resulting from
pesticide use. An amended NOIC, announcing these changes, was published in the Federal
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Register of January 10, 1986 (51 FR 7). The modifications were mostly minor in scope, with the
exception that the previous mandatory Consumer Awareness Program (CAP) was deleted from
the labeling requirements. The wood preservative industry agreed to a voluntary CAP to educate
consumers on the proper use and precautionary practices for treated wood.

Arsenic, chromium, and chromated arsenical compounds, used as wood preservatives,
were evaluated under the Registration Standards Program in 1988. This program was established
in order to provide a mechanism for pesticide products having the same active ingredient to be
reviewed and brought into compliance with FIFRA. The outcome of the Registration Standard
for arsenic, chromium, and chromated arsenical wood preservatives was as follows:

. Classification of inorganic arsenic and hexavalent chromium as Group A
carcinogens;

. Acknowledgment that both arsenic and chromium have demonstrated the potential
to cause teratogenic/fetotoxic effects through peritoneal exposure;

. Requirement of a reproduction study using a formulated chromated arsenical

product to address the teratogenic/fetotoxic effects unless a metabolism study
demonstrated that blood levels of chromium and arsenic are not increased above
background levels,

. Requirement of metabolism data to assess the bioavailability of chromium and
arsenic after exposure to a formulated product;

. Requirement of additional ecological effects and environmental fate data; and

. Reiteration of label restrictions set forth in the prior NOICs.

Currently, the only remaining use of arsenic acid is for wood preservation. The last
remaining agricultural use of arsenic acid, as a desiccant on cotton, was voluntarily canceled in
1993 (58 FR 86, May 6, 1993). The voluntary cancellation was enacted following a NOIC issued
for the cotton desiccant use of arsenic acid (56 FR 50576, October 7, 1991) due to the cancer
risks to workers. The voluntary cancellation allowed the sale of existing stocks until December
31, 1993, after which they could be lawfully disposed of or sold to the wood preservative industry
for reformulation or repackaging into registered wood preservative products.

2.2.2 Current Development of CCA Issue

On March 17, 2003 EPA granted the voluntary cancellation and use termination requests
affecting virtually all residential uses of CCA-treated wood. Under this action, affected CCA
products cannot be used after December 30, 2003 to treat lumber intended for use in most
residential settings. This transition affects virtually all residential uses of wood treated with CCA,
including play structures, decks, picnic tables, landscaping timbers, residential fencing, patios, and
walkways/boardwalks. This action was proposed in February 2002 by the registrants of CCA
pesticide products that are used to treat wood. Phase-out of the residential uses will reduce the
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potential exposures and risks from arsenic, a known human carcinogen, thereby protecting human
health, especially children's health, and the environment. The current action follows the February
2002 publication of a notice of receipt of voluntary cancellation/use termination requests, which
also provided an opportunity for public comments to be submitted to EPA. A notice of the
cancellation order was published in the Federal Register on April 9, 2003. Consumers may
continue to buy and use the treated CCA wood for aslong as it is available, but the transition to
using the new generation treatment products is well underway. The Agency is deferring any
action on two uses involved in the termination requests: (1) wood used in permanent wood
foundations; and (2) wood used in fence posts for agricultural uses. Therefore, these two
products may continue to be treated with CCA at thistime. EPA is working with the registrant
community and other stakeholders to ensure that safer, comparable alternatives will be available.
EPA is continuing its work on an ongoing comprehensive reevaluation of CCA-treated wood that
has been underway as part of the Agency's effort to re-evaluate older pesticides to ensure that
they meet current health and safety standards. More information on CCA-treated wood is
available at the following EPA website:
http://www.epa.gov/pesticides/factsheets/chemicalg/1file.ntm

The Agency is evaluating CCA under the reregistration process within OPP. Once OPP
completes the reregistration review for CCA, the Reregistration Eligibility Decision (RED)
document for Chromated Arsenicals will be released. The RED will include a comprehensive
assessment of the potential human impacts (preliminary focus on occupational and environmental
exposures/risks attributed to the use of CCA-treated wood and related inorganic chromated
arsenical pesticides at the workplace) as well as potential impacts on the environment.

2221 CPSC Activities

On March 17, 2003, the U.S. Consumer Product Safety Commission (CPSC) staff held a
Commission Briefing to respond to the petition from the Environmental Working Group (EWG)
and the Healthy Building Network (HBN) to ban the CCA-treated wood being used in
playground equipment and to review the safety of CCA-treated wood for general use (CPSC,
2003a). After briefing the Commissioners and the public on CPSC’ s deterministic risk
assessment, CPSC staff recommended denial of the petition based on the actions of EPA (CPSC,
2003a). On November 4, 2003, CPSC voted unanimously that a ban was not necessary because
the wood industry no longer uses CCA-treated wood for playsets. CPSC’s decision was based on
an agreement between CCA manufacturers and the Environmental Protection Agency (EPA) to
phase out CCA treatment of wood for most consumer uses by the end of 2003. More information
on CPSC’ s briefing on CCA-treated wood is available at the following website:
http://www.cpsc.gov/cpscpub/prerel/prhtml 04/04026.htm
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2222 Updated I nternational Actionsand Activities

The European Commission (EC) has banned the sale of CCA-treated wood for most
residential uses, effective June, 2004 (CPSC, 2003b; APVMA, 2003; EMRA, 2003a). However,
none of the countries banned CCA-treated wood that is already in use (EMRA, 2003a). EC
countries include Germany, Belgium, Luxembourg, France, Portugal, Spain, Italy, Greece,
Austria, the United Kingdom, Ireland, Finland, Sweden, Denmark and The Netherlands (EMRA,
2003a).

The EC published a Marketing and Use Directive on January 6, 2003 stating “labeling
requirements for CCA-treated wood, and banning the sale of CCA-treated wood unless structural
integrity of the wood is needed for human or livestock safety and skin contact by the public is
unlikely. The directive is to take effect by 30 June 2004 and applies only to CCA Type C
preservatives. Situations in which CCA preservatives may not be used include residential or
domestic constructions, where there is a risk of repeated skin contact, and where the wood may
come into contact with intermediate or finished products intended for human consumption. The
directive does not apply to CCA-treated wood already in use” (EMRA, 2003a).

“Restrictions on use of CCA already exist in a number of member states. Germany,
Sweden, Austria, Finland, the Netherlands and Denmark had already initiated voluntary
agreements or regulations restricting the use and marketing of CCA and CCA-treated wood.”
(EMRA, 2003a). However, for the United Kingdom, the Health and Safety Executive
recommended to the government in 1999 to continue using CCA-treated wood with certain
environmental data and occupational requirements (EMRA, 2003a).

Canada’ s Pest Management Regulatory Agency (PMRA) has reached an agreement with
industry on the proposed transition away from the use of CCA-treated wood at residential sites.
The PMRA agreement is identical to the voluntary label changes for CCA-treated wood that were
proposed by EPA. Canada s Consumer Safety Information Sheet can be found at
http://www.ccasafetyinfo.ca. and Fact Sheet information can be found at
http://www.hc-sc.gc.ca/pmra-arlalenglish/pdf/fact/fs_cca-june2003-e.pdf

In Australia, the Australian Pesticides and V eterinary Medicines Authority (APVMA) has
initiated reconsideration of the registration and associated label approval of products containing
arsenic. Itisanticipated that a draft report of APVMA'’s review of arsenic will be available for
public comment in mid-2004 (APVMA, 2003).



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Table2-1. International Regulatory Actions and Activities Related to CCA

International
Community

Summary of Action and Activities

Website Sour ce

USA

EPA CPSC
CCA is currently undergoing reregistration On March 17, 2003, CPSC held a

review by EPA. EPA granted the voluntary Commission Briefing to respond to the
cancellation and use termination requests petition from the Environmental Working
affecting virtually all residential uses of Group (EWG) and the Healthy Building
CCA-treated wood. Under this action, Network (HBN). After briefing the
affected CCA products cannot be used after Commissioners and the public on their
December 31, 2003, to treat lumber intended | deterministic risk assessment, CPSC

for usein most residential settings. EPA deferred their decision on the petition
provides public health information on arsenic | pending final EPA action. CPSC provides
in pressure treated wood and provides safety public health information on arsenic in
recommendations for homeowners and pressure treated wood and provides safety
additional information on their website. EPA | recommendations for homeowners and

is also awaiting results from ongoing work additional information on their website.
performing studies regarding the
effectiveness of sealant on wood structures.

http://ww.epa.gov
http://www.cpsc.gov

Canada

CCA is currently undergoing reregistration review by PMRA in collaboration with EPA.
PMRA granted the voluntary cancellation and use termination requests affecting virtually
al residential uses of chromated copper arsenate (CCA) treated wood. Under this action,
affected CCA products cannot be used after December 31, 2003 to treat lumber intended
for usein most residential settings (Personal Communication, 2003; PMRA, 2003). PMRA
provides public health information on arsenic in pressure treated wood and provides safety
recommendations for homeowners and additional information on their website.

http://mww.hc-sc.ge.calpmra:
arla/english/index-e.html

Europe

EC will consider banning the sale of CCA-treated wood. Countries include Germany,
Belgium, Luxembourg, France, Portugal, Spain, Italy, Greece, Austria, the United
Kingdom, Ireland, Finland, Sweden, Denmark and The Netherlands (EMRA, 2003). The
Scientific Committee on Toxicity, Ecotoxicity and the Environment (SCTEE) provided an
assessment of risk to health and the environment of arsenic in wood preservativesin 1998.
SCTEE recommended use of arsenic-based timber treatment to situations where it is
‘absolutely necessary’ (APVMA, 2003). EC member countries must publish the provisions

necessary to comply with the directive in June 2003 and apply the provisions by June 2004.

SCTEE provides public health information on arsenic in pressure treated wood and
provides safety recommendations for homeowners and additional information on their
website.

http://www.europa.eu.int

Australia

The APVMA has initiated reconsideration of the registration and associated |abel approval
of products containing arsenic. The reconsiderations will be made after APVMA has
assessed all data and other information provided to it for this purpose. It is anticipated that a
draft report of APVMA' s review of arsenic will be available for public comment in
mid-2004 (APVMA, 2003). APVMA provides public health information on arsenic in
pressure treated wood and provided safety recommendations for homeowners on their
website.

http://apvma.gov.au

New Zealand

Additional research was commissioned on public health risks related to CCA, particularly
around homes and playgrounds. EMRA has decided against a reassessment of registrations
of CCA. However, EMRA is currently reviewing labeling procedures, disseminating public
health information on CCA, assessing alternativesto CCA, etc. For public CCA-treated
playsets, EMRA is not taking action on existing facilities. However, the government is
working with schools on ways to reduce exposure to CCA (e.g., using coatings) on
publically-maintained playsets (EMRA, 2003b).

http://mfe.govt.nz
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New Zealand has also commissioned additional research on public health risks related to
CCA, particularly around homes and playgrounds (EMRA, 2003a; APVMA, 2003). Based on an
internal review of public health risks, Environmental Risk Management Authority (EMRA) has
decided against a reassessment of registrations of CCA. However, EMRA is currently reviewing
labeling procedures, disseminating public health information on CCA, assessing aternatives to
CCA, etc. For public CCA-treated playsets, EMRA is not taking action on existing facilities.
However, the government is working with schools on ways to reduce exposure to CCA (e.g.,
using coatings) on publically-maintained playsets (EMRA, 2003b). Table 2-1 summarizes
international regulatory actions and activities related to CCA.

2223 Updated State Actions and Activities

In 1987, the California Department of Health Services (CDHYS), Health and Welfare
Agency, conducted a research study entitled, Evaluation of Hazards Posed by the Use of Wood
Preservatives on Playground Equipment, and made recommendations to the Legislator in the
State of California (CDHS, 1987). Asaresult of the findings and recommendations of that
report, a new law was signed into effect in September 1987 (Div. 20 of the California Health and
Safety Code, §25930.10.7) (Spease, 2002). The law stated that:

. State funds could not be used to purchase wooden playground or recreational
equipment that may have been treated with arsenic (unless treated in accordance
with AWPA standard C-17), pentachlorophenol or creosote;

. State funds may not be used for maintenance of the wooden playground or
recreational equipment in question; and
. People installing any such structures must seal the structures with a non-toxic,

non-slip sealer at the time of installation, and reseal the structure every two years.

Maine legislators approved the Nation’s first ban on the sale of wood treated with arsenic
on June 4, 2003. The bill states “that beginning April 1, 2004, Maine lumber dealers can no
longer sell arsenic-treated lumber for use in residential construction” (Edgecomb, 2003).
Additionally, retailers are prohibited from purchasing arsenic-treated wood for most residential
uses (mid-September 2003). The Maine Department of Environmental Protection (M DEP) must
complete a market evaluation of remaining uses. The Maine Bureau of Health must develop
informational brochures to educate consumers by January 1, 2004, on what homeowners should
know about hazards, and methods for reducing exposures with sealants. By January 1, 2005, the
MDEP must develop plans to restrict the disposal of arsenic-treated wood (Our Stolen Future,
2003).

In New Y ork, Section 37-0109 of the New Y ork State Environmental Conservation Law
makes it illegal for schools and public playgrounds to have playground equipment constructed
from pressure treated lumber that contains CCA. The law requires that existing playground
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equipment be sealed to stop CCA from leaching or escaping from the wood, and to cover the
ground to protect children from arsenic that may have leached to the soil. The Department of
Environmental Conservation (DEC) is to publish information on the dangers and hazards to public
health and the environment from the use of CCA-treated lumber. The DEC is to compile and
publish alist of less toxic materials that may be used on playgrounds as an alternative to CCA-
treated lumber. The DEC will a'so compile and publish information on non-toxic methods and
materials that are available to seal playground structures with CCA wood and to cover the ground
(Healthy Schools Network, 2003).

Other state agencies such as the Connecticut Department of Public Health, the
M assachusetts Department of Public Health, the Forida Department of Environmental Protection,
and the Minnesota Department of Health have been actively investigating issues related to
pressure-treated playground equipment. They have provided public health information on arsenic
in pressure-treated wood, as well as safety recommendations for homeowners (see websites listed
in Table 2-2). These recommendations include:

. Sealing CCA-treated structures (decks and playsets) every two years with

oil-based stain;
. Preventing exposure to pressure-treated wood and dust;
. Washing hands after playing on wooden playground equipment;
. Inspecting structures for decay;
. Suggesting alternatives to CCA-treated pressure treated wood,
. Not placing food, drink or paper products on pressure treated wood,;
. Never burning treated wood;
. Limiting use of under deck areas where arsenic may have accumulated in the soil;
. Not using treated wood on indoor surfaces; and
. Not using CCA-treated wood for wood chips or mulch.

Table 2-2 presents a summary of state regulatory activities and actions related to CCA.



Table 2-2. State Regulatory Actionsand Activities Related to CCA

State Summary of Actionsand Activities Website Source

California In 1987, the California Department of Health Services http://www.dhs.cawnet.gov
(CDHS), Health and Welfare Agency conducted aresearch
study entitled, Evaluation of Hazards Posed by the Use of
Wood Preservatives on Playground Equipment and made
recommendations to the Legislator in the State of California
(CDHS, 1987). Asaresult of the findings and
recommendations of that report, a new law was signed into
effect in September 1987 (Div. 20 of the California Health
and Safety Code, §25930.10.7). Legislation required that
publically-maintained wooden playground or recreation
equipment be treated with a certain formulation of CCA.
This legislation also required that existing
publically-maintained wooden playground/recreation
structures made with arsenic-treated wood be sealed with a
non-toxic and non-slippery sealant every two years. CDHS
provides public health information on arsenic in pressure-
treated wood, safety recommendations for homeowners, as
well as additional information on their website.

Connecticut The Connecticut Department of Public Health provides http://www.state.ct.us/dph
public health information on arsenic in pressure treated
wood, safety recommendations for homeowners, as well as
additional information on their website.

Florida Proposed legislation would prohibit the public use of CCA- http://www.dep.state.fl.us
treated wood in playground structures and associated ground
covers that are constructed or contracted for by October 1,
2003. It would require that existing publically-maintained
wooden playground/recreation structures made with arsenic
treated wood be sealed with a non-toxic and non-slippery
sealant every two years. Florida Department of
Environmental Protection provides public health
information on arsenic in pressure-treated wood, safety
recommendations for homeowners, as well as additional
information on their website.

Maine Legislature approved a bill that states “ beginning April 1, http://www .state.me.us/dhs/boh
2004, Maine lumber dealers can no longer sell arsenic- http://www.state.me.us/dep
treated lumber for use in residential construction.”
Additionally retailers are prohibited from purchasing
arsenic- treated wood for most residential uses
(mid-September 2003). The Maine Department of
Environmental Protection (MDEP) must complete a market
evaluation of remaining uses. The Maine Bureau of Health
must develop informational brochures by January 1, 2004,
on what homeowners should do know about hazards, and
methods for reducing exposures with sealant. By January 1,
2005, the MDEP must develop plans to restrict the disposal
of arsenic treated wood.
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Table 2-2. State Regulatory Actionsand Activities Related to CCA (Continued)

State Summary of Actionsand Activities Website Source

M assachusetts The Massachusetts Department of Public Health provides http//:www.state.ma.us/dph
public health information on arsenic in pressure-treated
wood and safety recommendations for homeowners on their
website.

Minnesota In Minnesota, a bill has been introduced that would ban the | http//:www.health.state.mn.us
use and sale of CCA in the state. A second Minnesota bill
would require that schools that use CCA-treated products
seal the wood every two years (Environmental Health
Perspectives, 2001). Minnesota Department of Health
provides public health information on arsenic in pressure
treated wood, safety recommendations for homeowners, as
well as additional information on their website.

New York In New Y ork, Section 37-0109 of the New York State http//:www.dec.ny.us
Environmental Conservation Law makesiit illegal for
schools and public playgrounds to construct playground
equipment from pressure-treated lumber that contains CCA.
The law requires that playgrounds be sealed to stop CCA
from leaching or escaping from the wood, and to cover the
ground to protect children from arsenic that may have
leached to the soil. The New Y ork Department of
Environmental Conservation provides public health
information on arsenic in pressure-treated wood, safety
recommendations for homeowners, as well as additional
information on their website.

2.2.3 UseProfileof CCA

CCA preservatives protect wood from deterioration from a variety of insects, fungi, and
rot organisms. There are currently 26 CCA-containing wood preservative products registered
with the EPA. CCA isused for pressure-treated lumber intended for outdoor use in constructing
avariety of residential landscape and building structures, as well as home, school, and community
playground equipment. However, it should be noted that EPA granted the voluntary cancellation
and use termination requests of CCA-treated wood. The labels for the three CCA-containing
preservatives that contained the non-pressure treatment uses were effectively canceled via a 6(f)
notice on May 16, 2003. A final cancellation order was issued on May 28, 2003 for Osmose
Specia K-33 Preservative (EPA Registration 3008-21), Hollow Heart Concentrate (EPA
Registration 75341-1) and Osmoplastic SD Wood Preserving Compound (EPA Registration
75341-7). The cancellation of these three products resulted in pressure treatment being the only
allowable use for CCA-containing preservatives. CCA is used for pressure-treated lumber
intended for outdoor use in constructing a variety of residential landscape and building structures,
as well as home, school, and community playground equipment. However, it should be noted,
EPA granted the voluntary cancellation and use termination requests affecting virtually all
residential uses of CCA-treated wood. CCA-treated wood, predominantly of Southern yellow
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pine, represents the majority of pressure-treated dimensional lumber marketed to the general
consumer via lumberyards/hardware stores and other retailers. 1n some cases, CCA-treated
lumber is recycled into wood chips which are stained, then sold to consumers as landscape mulch.
Major commercial installations include utility poles, highway railings, roadway posts/barriers,
bridges, bulkheads, and pilings. Industry cites advantages of CCA-treated wood over other
pressure-treated wood, including superior durability, low-odor, and dry “non-oily” surfaces which
can be painted or sealed.

There are three formulations of CCA, each containing varying ratios of arsenic pentoxide,
chromic acid, and cupric oxide. CCA treatment solutions are typically classified by the American
Wood-Preservers Association (AWPA) as either type A, B, or C, with CCA type C (CCA-C)
being the formulation most commonly used for pressure treating dimensional lumber for
residential applications. AWPA’s P5 Preservative Standard requires CCA-C composition to be
34.0% arsenic pentoxide (As,0O;), 47.5% chromic acid (CrO,), and 18.5% cupric oxide (CuO)
(AWPA, 1998).

After pressure treatment and fixation, arsenic and chromium can be retained in the wood
from 0.25 to 2.50 pounds per cubic foot (pcf), based on the retention of CCA-C in wood
following AWPA treatment standards. Typical retention levels achieved depend on the intended
applications of the treated lumber. Lower retention values are required for plywood, lumber, and
timbers used for above-ground applications (0.25 pcf ), and for ground or freshwater contact uses
(0.40 pcf). Higher retention levels are required for load bearing wood components, such as
pilings, structural poles, and columns (0.60 - 0.80 pcf). The highest levels are required for wood
foundations and saltwater applications (up to 2.50 pcf).

Nationwide, approximately 70% of single family homes have existing pressure-treated
decks and porches, and approximately 14% of public playground equipment is made with treated
wood. Based on current data from the American Chemistry Council (ACC), approximately 34%
of CCA was used for decks and less than 1% was used in playground equipment (Zartarian et a.,
2003; CPSC, 2003b). The potential for exposure to pesticide residues remaining on the surfaces
of the existing aged treated wood structures as well as to the residues leached into the
surrounding soil, may pose child health hazard concerns.

2.2.4 Overview of CCA Chemistry

CCA contains chromium (Cr), copper (Cu), and arsenic (As), each of which contributes to
the wood-preservative properties of the compound. Copper acts as afungicide in the CCA
formulation and the arsenic protects against insect damage. Chromium, in the form of chromic
acid, acts as afixative (binding agent), whereby the Cr, Cu, and As metal ions present in the wood
are fixed to the wood fibers. Most of the information presented in this overview isfrom U.S.

EPA (2001b).
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Metals go through various changes in environmental compartments such as soil, water,
plants, and animals. The speciation of metals depends on sorption, desorption, redox reactions in
soil and water, precipitation reactions, complexation reactions, etc. (Lebow, 1996). The different
species of arsenic and chromium vary in their ability to be absorbed into the body and metabolized
within the body, and differ in their toxicological profiles. Therefore, it isimportant to consider the
species of arsenic or chromium present in soils surrounding CCA-treated wood and on the surface
of the treated wood itself when assessing the exposure to these chemicals.

2241 Speciation

The FIFRA SAP (U.S. EPA, 2001c) noted that there is no reliable evidence on either the
presence or absence of Cr(V1) in dislogeable residues on treated wood surfaces. However, since
that meeting, more studies have indicated that Cr(I11) is the primary component on treated wood
surfaces. The FIFRA SAP also noted that some measurable Cr(V1) probably exists in certain
soils, but it is unlikely to be 100 percent of the total chromium present. One approach
recommended by FIFRA SAP in evaluating the hazards of chromium in the soil would be to use
an estimate of 5 to 10 percent (or more conservatively 25 to 50 percent) Cr(V1).

More recent studies indicated that Cr(111) is the primary component in CCA pressure-
treated wood surfaces of existing decks and playground structures (RTI International, 2003 (cited
as ACC, 2003b in SHEDS-Wood Report); Cooper, 2003; Nico et al., 2003) and in the air of
treatment plants (ACC, 2002). Infact, RTI International (2003) found that Cr(V1) was not
detected in 142 of 145 wood surface dislogeable residue samples taken; Cr(V1) was not detected
in any of the samples from existing aged decks, and only trace amounts were detected in the
newly treated woods in the remaining samples. The registrants of CCA conducted a CCA
treatment plant worker exposure study in 1999 (ACC, 2002). This study also indicated that the
Cr(V1) in the air was undetectable (based on the sensitivity of the limit of detection of Cr(V1)
used in that study). Nico et al. (2003) found that chromium and arsenic in CCA-treated wood
were consistent between samples of fresh treated wood and aged wood, and between treated
wood and dislogeable residue. The Nico et al. (2003) report indicated that a “chemical complex”
type of matrix was formed between As-Cr-Wood. However, the Nico et al. (2003) report did not
quantify the matrix type of CCA-treated wood and the free metal forms of arsenic and chromium.

22472 Fixation

After undergoing pressure treatment with CCA wood preservative, the chromium, copper
and arsenic penetrate into the wood and become bound or fixated in the wood. The term,
fixation, refers to the series of chemical reactions that take place after the wood has been pressure
treated with CCA. These reactions render the CCA less likely to leach from the wood during
service. The use of metal oxides in CCA formulations has been shown to aid in the fixation
process. Fixation precedes the actual action of CCA to act as awood preservative. The CCA
penetration/fixation process preserves and protects the wood from pest attack. The absorption
and fixation of CCA apparently occur in the cellulosic and lignin components of the wood (Kartal
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and Lebow, 2000). Since lignin is thought to be a primary binding site for chromium to form
chromium-lignin complexes, the use of woods with an increased lignin content may result in
improved treatment. Softwood species, which have a high lignin content often perform better than
hardwoods in terms of preservative treatment. Studies have shown that all of the three metals are
fixed into the wood structure.

The initial reaction of fixation is the absorption of the CCA preservative into the cellulosic
and lignin components of the wood. A second reaction occurs which converts Cr(V1) to Cr(I11).
This second reaction continues for a period of several hours to a few days. The reduction of
Cr(V1) to Cr(111) is important in the formation of insoluble complexes in CCA-treated wood.
Additionally, Cr(l11) isless toxic than Cr(V1). The third reaction is the conversion of copper
arsenate in the wood to basic copper arsenate with an arsenic valence state of +5. The complete
fixation reaction may even take several months. Studies with treated pine have indicated that the
copper and arsenic components of the CCA metals are “fixed” more rapidly than chromium.
Some researchers have concluded that the fixation process is complete when the presence of
Cr(VI) is no longer detected in the leachate or compensate of the treated wood. Cooper (2003)
conducted research on CCA fixation using existing data and noted that virtually all of the
chromium injected into the wood during the treating process is eventually reduced to low toxicity
Cr(111) and there is no evidence that Cr(V1) is produced as a result of the oxidation of Cr(lI1) in
the wood. The completion of the fixation process can be from a few days to a several months,
depending on the ambient temperature of treatment plants.

2243 L eaching

The fixation process binds much of the chromium, copper, and arsenic into the wood
fibers; however, some of the metals will not be “fixed” and will remain “free” on the surface of the
treated wood. These will be susceptible to dislodging through washing off or by physical contact
with other objects, including humans who have physical contact with the wood. The fixated
metals can also slowly be leached from the treated wood by water.

Playground equipment constructed with treated wood can be in the form of many different
types of items including swing sets, climbing bars, etc. The chromium, copper, and arsenic in/on
the treated wood can be leached from the wood so that the metals fall vertically onto the soil
under the equipment and leach laterally into the soil from the vertical pieces of treated wood that
have contact with the playground soil. Metals also leach from ground-contact horizontal pieces of
CCA-treated wood fabricated into playsets and related structures. Playground equipment may
also have mulch placed under the equipment, and the mulch will receive leachate from the treated
equipment pieces. Children playing on such equipment can be exposed to the CCA leachates
either through contact with the CCA-treated wood or through contact with soil or mulch either
under the equipment or immediately adjacent to the equipment.
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A large amount of data are available regarding the leaching of chromium, copper, and
arsenic from treated wood (Lebow, 1996). Much of the data are from studies that are not directly
applicable to leaching from playground equipment. Some of the available data that are most
applicable to playground equipment and decks constructed of CCA-treated wood are summarized
below.

Leaching of chromium, copper, and arsenic from treated wood in an aqueous medium,
which is most likely to simulate the playground use (where rainfall occurs), appears to be most
rapid from freshly treated wood and is in the order of Cu > As> Cr. Therelease rate is also
higher under acidic conditions; this would mean that leaching would be faster in the areas of the
United States that have acid rain, such as the northeastern states. One study has shown that the
leaching process from treated wood is aided by slow or drizzling rain rather than heavy showers.
Leaching rates are generally lowest in wood that has been kiln-dried at high temperatures.

Most of the leaching from treated wood appears to take place in the first few days after
treatment, but continues slowly over time (Lebow, 1996). Leaching rates depend on the size of
the wood, type of wood, and on the fixation process. CCA leaches from hardwood more than soft
wood. Pressure treated red pine leaches more than lodgepole pine and Douglas fir. A scheme has
been proposed in the literature for the long-term leaching mechanism of CCA from wood:
reversible disassociation of ion-exchanged metals and their redistribution to the wood surface and
their loss; and physical or biological decay of the wood.

No leaching information was found to address the question of whether CCA metals leach
from treated wood as copper or copper arsenate, or as complexes with inorganic or organic
ligands, or as derivatives of wood-metal moieties or as water soluble extracts. Water mobility for
the metal ions from CCA depend on many factors which give rise to a number of pathways. The
metals can diffuse through the soils as complexes, simple salts or free ions, or can percolate
through soils as insoluble substances.

Little data were found to estimate the level of CCA residues in soil or mulch under
playground equipment constructed of treated wood. A Canadian study evaluated wooden play
structures consisting mostly of CCA-treated lumber of various dimensions constructed in a range
of designs (Riedel et al., 1991). The structural elements were comprised of beams and planks
fastened together. Poles were cut and used to form rungs, ramps and ladders. Treated wood
pieces were used to construct tower-like structures and to connect to swings, slides, ladders or
horizontal monkey bars. Some structures incorporated hut-like shelters. Treated wood pieces
were placed in vertical, horizontal and angled positions. Some structures were coated with an oil-
based stain which had worn off in some areas. The structures were up to ten years old. The
ground under the structures and surrounding the structures usually consisted of a layer of sand at
least 25 centimeters deep which is replaced or replenished from time to time. The sand is carried
onto the structures and contributes to the abrasion and wear on the treated wood pieces.
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Sand and soil samples were taken from under each of the treated playground structures
and a control soil sample was taken at a distance of ten meters (33 feet) from the treated
playground structure. The sand samples were taken at similar locations under each structure; at
the bottom of a slide, next to a support post, at the bottom of a support post holding the main
structure, and underneath a wooden platform or underneath a structure approximately one meter
from the wooden post. The samples were all taken in late fall and on a cloudy day. The soil
samples were stored in plastic bags and taken to the laboratory for analyses. The samples were
oven dried and analyzed using inductively coupled plasma mass spectrophotometry for total nitric
acid soluble arsenic (not speciated). Neither chromium nor copper were analyzed in the sand and
soil samples. The background levels of arsenic present in the control sand samples were generally
less than 0.3 parts per million (ppm). The authors of the paper reported that the average arsenic
residue level from samples taken from below the treated structures was 3.0 ppm with a range of
0.032 - 9.6 ppm. However, sand samples taken from other areas around the playground
structures showed arsenic residues ranging from 0.13 ppm to 113.5 ppm under a structure next to
apost. It should be noted that arsenic residues in sand sampled next to a treated post were less
than 10 ppm except in the one playground with the high 113 ppm value. That study showed
significantly higher sand residues than the other playground studies. There is no explanation for
this difference, but could be due to reasons such as samples being taken near newly treated and
replaced wood posts. Additionally, sand had been placed under the structures and leaching from
wood posts into the sand may be more rapid and spread further from the post than would be the
case for arsenic leaching into a clay soil. It could also be argued that if wood mulch rather than
sand had been placed under the playground structures that, because of the surface area to weight
relationship for this organic material, any arsenic residues leaching from treated wood could result
in even higher arsenic residues in the mulch under the playground equipment.

The playground where arsenic residues were highest was ten years old and constructed of
wood that had been stained, but on which the stain had been worn off. There did not appear to be
a correlation between residue levels in the sand under and around the playground structures and
whether the equipment had been stained or painted, or was left unsealed.

There are also data available showing soil residue levels that occur under wooden decks
that have been constructed from CCA-treated wood. Children can play in the soil under and
around atreated deck. While the deck data may exaggerate residue levels in soil compared to
what would be expected under playground equipment, the data show that the level of CCA metals
in soil under treated wood structures was greater than the background level of the metals in soil
from the study location and show residue levels in soil where children could play.

In one study conducted by Stilwell and Gorny (1997), soil from under seven decks
constructed from CCA-treated wood were analyzed. Chromium levels ranged as high as 154 ppm
under the treated decks and averaged 43 ppm, whereas, the control soils had an average of 20
ppm of chromium. Arsenic levels ranged as high as 350 ppm under the treated decks and averaged
76 ppm, whereas, the control soils had an average of 3.7 ppm of arsenic. No data are available for
mulch under the treated deck, but residues in mulch may even be higher because of the surface
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area weight relationship of mulch. The same study showed that those decks that had been coated
tended to show a lesser degree of leaching of CCA metals. However, the degree of leaching from
adeck that had been coated or sealed would most likely be dependent on the coating product
used and on the age of the coating. The same study also showed that the age of the deck was a
factor in the leachate residues found under the treated deck, with the older deck showing higher
soil residues under the treated deck. This study does not reflect the soil CCA residue levels that
could occur under treated playground equipment, b