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Abstract

Leaching of arsenic, chromium, and copper from chromated copper arsenate (CCA)-treated wood poses possible environmental risk when
disposed. Samples of un-weathered CCA-treated wood were tested using a variety of the US regulatory leaching procedures, including the
toxicity characteristic leaching procedure (TCLP), synthetic precipitation leaching procedure (SPLP), extraction procedure toxicity method
(EPTOX), waste extraction test (WET), multiple extraction procedure (MEP), and modifications of these procedures which utilized actual
MSW landfill leachates, a construction and demolition (C&D) debris leachate, and a concrete enhanced leachate. Additional experiments
were conducted to assess factors affecting leaching, such as patrticle size, pH, and leaching contact time. Results from the regulatory leaching
tests provided similar results with the exception of the WET, which extracted greater quantities of metals. Experiments conducted using
actual MSW leachate, C&D debris leachate, and concrete enhanced leachate provided results that were within the same order of magnitude ac
results obtained from TCLP, SPLP, and EPTOX. Eleven of 13 samples of CCA-treated dimensional lumber exceeded the US EPA's toxicity
characteristic (TC) threshold for arsenic (5 mg/L). If un-weathered arsenic-treated wood were not otherwise excluded from the definition of
hazardous waste, it frequently would require management as such. When extracted with simulated rainwater (SPLP), 9 of the 13 samples
leached arsenic at concentrations above 5 mg/L. Metal leachability tended to increase with decreasing particle size and at pH extremes. All
three metals leached above the drinking water standards thus possibly posing a potential risk to groundwater. Arsenic is a major concern from
a disposal point of view with respect to ground water quality.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction lumber, plywood, and poles, are preserved by impregnat-
ing the wood with an aqueous solution containing &rO
1.1. CCA-treated wood CuO, and AsOs in a pressurized treating cylindg]. After

preservative addition, the wood is removed from the cylinder
Chromated copper arsenate (CCA) is a water-borne woodand allowed to dry. Arsenic and copper act as biocides, and
preservative applied to wood products to deter environmen-chromium acts as a “fixing” agent to bind the metals to the
tal decay. CCA has been the most commonly used woodwood. The CCA fixation process refers to the chemical reac-
preservative in North America in recent decafiHs In the tions that take place when hexavalent chromium is reduced to
CCA treatment process, wood products such as dimensionatrivalent chromium in the woof8]. The chemical species oc-
curring in the wood after fixation include CuCfQaCrAs(y,
- ) Cu(OH)CrAsQ, and a variety of metal complexes with lignin
* (E:orre'spondmg author. Tel.: +1 352 392 0846; fax: +1 352 392 7735. and ceIIqusc§4]. The AWPA has standardized three separate
-mail addressttown@ufl.edu (T. Townsend).

1 US Environmental Protection Agency, Office of Research and Develop- CC_A formU|ati0nS_v types A, B, and C CCA type C (CCA'
ment, Cincinnati, OH 45211, USA. C) is the formulation in current use in the US and contains
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47.5% (44.5-50.5%) Crf) 18.5% (17.0-21.0%) CuO, and different ways, including the concentration of preservative
34.0% (30.0—38.0%) A©s [5]. component in the leachate (mg/L), the fraction of the orig-
Arsenic, chromium, and copper all present potential risks inal preservative leached (%), and in terms of a leaching
to human health and the environmentwhen exposures occur aflux (ng/cn? day). Since many different factors (e.g., wood
sufficiently high concentrations. Exposure routes of concern type and preservation method, solution pH and ionic strength,
include direct human contact with the treated wood, human leaching test liquid-to-solid ratio, specimen size, time of con-
exposure to media impacted by preservatives migrating from tact) impact the amount of arsenic, chromium, and copper
the treated wood, and exposure of organisms to preservativehat leach from CCA-treated wood and because of the differ-
compounds in the environment. Pathways of concern result-ent reporting formats, care must be taken when comparing
ing from direct human contact with wood products include results from different studies. In the following paragraphs,
those resulting from touching the wood (e.g., dermal sorption, a few selected leaching studies are reviewed to provide the
ingestion of dislodged chemicals from hand-to-mouth con- reader with a broad overview of typical results encountered.
tact) and inhalation of wood particles during constructionand  Prior to the 1990s, most studies on preservative depletion
maintenance activitié—8]. Concerns over possible human orleaching from CCA-treated wood were conducted to assess
health impacts from contact with CCA-treated wood have and predict treated wood performar@€,30,31] Much of
prompted the wood treating industry to phase out the manu-this work was conducted by the wood preservation industry
facture of CCA-treated wood for most residential uses in the as part of the standardization process for treated wood prod-
US by the end of 200@]. When environmental media such ucts. In the 1990s, more of the leaching work began to focus
as groundwater, surface water or soil become contaminatedon potential environmental impacts associated with preser-
by preservatives migrating from CCA-treated wood, human vative leaching. Warner and Solomfitl] published results
exposure may also res(itt0]. While the arsenic, chromium,  of experiments in which CCA-treated wood was leached in a
and copper in CCA-treated wood are “fixed” such that the ma- variety of different pH solutions. Six 5-chiblocks were sub-
jority of preservative remains in the wood for several decades, merged in 5L of leaching solution for 40 days. One experi-
small amounts of the metals nonetheless do leach over timement used a citric acid/sodium hydroxide solution to buffer
[11-16] Preservative leaching from CCA-treated wood inthe the pH to 3.5, 4.5, 5.5, 7.0, and 8.5. A second experiment
environment is an issue of concern with respect to both the used diluted sulfuric acid to control pH (3.5, 4.5, 5.5); the
wood product performance and possible impacts on humanpH was adjusted daily. Results are summarizedahle 1

health and the environmefit0,17-19] as percentage of preservative compound leached. Even at pH
values of 5.5, the relatively large fraction of preservative that
1.2. Leaching tests for pressure treated wood leached prompted the authors to conclude that leaching of

CCA-treated wood in acid waters may present an unaccept-

The wood treatment industry and the scientific commu- able environmental risk. This research received some media
nity utilize a variety of methods to evaluate preservative loss attention, especially as related to the possible impact of acid
from treated wood products. One objective of such testing is rain on CCA-treated structures used in residential settings.
to measure preservative depletion from the wood products soThis spurred additional research into the leaching of CCA-
that the effective service life of the product can be assessedtreated wood with respect to environmental impacts.
[20]. A second objective is to measure the amount and rate  Cooper[12] reported results from leaching of 10 mm
of preservative leaching when the wood is exposed to wa- 10 mm x 40 mm blocks in different pH solutions. Cooper
ter. This provides an assessment of potential contaminationutilized American Wood Preservers’ Association (AWPA)
of water, soil, and sediment and the resulting impacts to hu- leaching protocols that existed at the time. The blocks were
man health and the environméh2—14,21-24]Investigators leached in 50 mL of leaching solution for 14 days, and the
have employed several different testing protocols to evaluateunabsorbed leaching solution (the leachate) was replaced at
preservative leaching from treated wood products, including: specified time intervals. The leachate was analyzed, and the
(1) tests in which the wood is exposed to the soil environment total mass of preservative leached was calculated. The follow-
and preservative loss is measured over {igfe-28} (2) tests ing leaching solutions were tested: pH values of 3.5, 4.5, and
in which small pieces of wood are leached with aqueous so- 5.5 using deionized water diluted with equal molar mixtures
lutions and the preservative concentrations in the leachateof nitric and sulfuric acid, and a citric acid/sodium hydrox-
are measurefb,11,12] and (3) tests in which structures are ide solution buffered to a pH of 5.5. Cooper’s results are also
leached with actual or simulated rainfall and the resulting summarized iTable 1 Fewer metals leached in Cooper’s ex-
runoff is captured and analyz§th]. perimentthan Warner and Solomon’s, which might be aresult

Lebow [29] reviewed the pertinent literature associated of differences in the testing procedures (e.g., leaching time,
with leaching of wood preservatives from treated wood, in- liquid-to-solid ratio, pH control). Cooper concluded that the
cluding CCA-treated wood. More recently, Hingston et al. high leaching losses reported by Warner were the result of
[15] conducted a review specific to CCA-treated wood leach- the citric acid buffer and not just pH.
ing, including a discussion of those parameters impacting  Over the next decade, other CCA-treated wood leach-
leaching. Results of leaching studies are reported in severaling studies with a specific focus on examining preservative
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Table 1
Historical research of metal leachability from CCA-treated wood
Source Test type Variable Fraction leached (%)
As Cr Cu
Warner and Solomdr{11] Buffered citric acid pH=3.5 68.2 52.9 111
pH=4.5 516 279 105
pH=5.5 317 121 916
pH=7.0 173 0.95 522
pH=8.5 899 114 087
Dilute HoSOs pH=25 397 289 145
pH=35 229 6.32 746
pH=4.5 173 280 210
Coopef [12] Buffered citric acid pH=55 28-46.7 36-10.9 527-80.5
Dilute HoSO4/HNO3 pH=35 34-6.9 024-1.4 31-9.6
pH=4.5 29-6.3 019-1.05 24-5.0
pH=5.5 31-6.0 024-1.10 21-6.4
Kennedy and Collirfs[16] E-11 t =14 days 189-19.1 25-4.1 49-6.5
t =50 days 20 29-4.9 50-7.1
Deck Study t =300 days D-4.4 09-1.2 12-1.3

a Some depletion of CCA was over 100%.
b The range presented is based on different wood species.
¢ Only the range was given and two different leaching methods were used.

leaching rates and the resulting potential environmental im- wood enters the waste stream in several locations. New con-
pacts were conducted. The majority of these studies focusedstruction activities result in discarded scrap wood, sawdust
on the impact of metal leaching from CCA-treated wood on and other debris. Demolition and renovation activities result
aquatic system§l3,14,21] In 1997, the AWPA published  in a larger quantity of wood, which often occurs in sizes and
a new leaching protocol, E-11, that involved leaching 19- shapes the same as the original wood products. While CCA-
mm blocks in 300 mL of deionized water for 14 das. treated wood products have a predicted in-service life of 20
The water is replaced at specified intervals, and the collected[32]to 25[26] years for lower retention treated wood (lumber,
leachate is analyzed. In an analysis of preservative leachingtimber, and fences), more recent surveys show the “actual”
from treated decks, Kennedy and Coll[i$] performed E- in-service life to be 9 yeaf83], 10-12 year§34], and about
11 on CCA-treated wood but collected additional data beyond 13 yearq35], and that this early retirement of the wood is at-
14 days. They also subjected a series of deck-boards to raintributed to aesthetics due to the effects of natural weathering.
fall for 300 days and measured the preservative leached byFor higher retention treated wood (utility poles and crossties),
the rain Table J. the “actual” in-service life is approximately 40 yedrq

The data presented ifable 1represent only a fraction and greater in some casfz6]. Disposal of CCA-treated
of the leaching test results reported in the literature. They wood is an issue to the solid waste profession because of the
do, however, represent the range of typical preservative de-magnitude of the waste stream and the lack of viable recy-
pletion measured in these types of tests. In general, arsenicling markets. For example, in Florida, USA, Solo-Gabriele
and copper leach more than chromium, and leaching ratesand Townsend[36] estimated that roughly 140,006m
increase with a decrease in pH. The use of weak acids with aof discarded CCA-treated wood were disposed during
strong ability to complex or chelate metals (e.g., citric acid) 2000, and that this amount would increase to 900,090 m
increases the mass of metals leached above that expected tby 2015.
result from pH alone. As would be anticipated, the small In the US, the majority of discarded CCA-treated wood
wood specimens tested at the laboratory scale leach a greatgoroducts are managed in landfills. In some US states, con-
amount of preservative relative to the larger wood products struction and demolition (C&D) debris landfills that accept

in actual use. CCA-treated wood are not required to have liner systems.
Leaching of preservatives from landfilled CCA-treated wood
1.3. CCA-treated wood in the waste stream poses a concern because of possible impact on leachate at

lined landfills and groundwater at unlined facilities. Some
The focus of the aforementioned studies has been onleach-CCA-treated wood is commingled with untreated wood and
ing during in-service application, i.e., leaching under envi- becomes part of the recovered wood mixture at C&D debris
ronmental conditions where CCA-treated wood products are recycling facilities[37,38] One market for recovered C&D
used (e.g., water bodies, terrestrial settings). Another scenariadebris wood is landscape mulch; leaching of CCA preserva-
where the leaching of metals from CCA-treated wood poses tives from this mulch has been identified as a possible concern
potential environmental concern is disposal. CCA-treated [39].
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The waste management profession has historically usedTable 2 o
leaching tests to evaluate the risk of disposal of solid waste Sample description

to the environment. Leaching tests are often a required com-Name  Dimension (cm) Retention value (kgjm
ponent of solid and hazardous waste regulations. For exam- Width  Length Nominal Outer L.5cm  Composite
ple, in the US, the toxicity characteristic leaching procedure 3 38 a9 20 5o 37
(TCLP) is performed to determine whether a solid waste is a ga 38 14 4.0 18 38
toxicity characteristic (TC) hazardous waste. Unlike leaching c? 3.8 19 4.0 3.7 26
tests designed to examine preservative leaching in aquatic and*® 8.9 89 6.4 9.2 4.1
terrestrial environments, data from the US solid waste regu- & 8.9 89 6.4 2.2 3.4
latory leaching tests on CCA-treated wood have not been re—(':sa g:g 1?19 %i’l 162.6 %Z
ported. This paper adds to the body of literature regarding the ja 3.8 89 6.4 50 49
leaching of arsenic, chromium, and copper from CCA-treated |2 3.8 14 6.4 2.2 4.7
wood, but from a waste-management perspective rather than? 3.8 89 6.4 8.2 3.0
an in-service perspective. Even though CCA-treated wood K:: 3.8 89 4.0 4.0 3.5
is no longer used for most the US residential applications k/lc g'g 129 ‘L‘% ‘,‘5'01 ‘2;14

starting in 2004, the majority of CCA-treated wood ever sold , _
. . . ] . ; 2 Size reduced to 100 g and 20 g blocks, chips, and sawdust.
remains in service. Disposal of this stock will be an issue for . .
Cut and ground to satisfy TCLP requirement.

the coming decades. ¢ Sliced into 5-cm (2-in.) sections, sawdust was collected, outer 1.5cm
measurement for this sample were conducted by total metal analysis.

2. Objectives
lumberyards located in Gainesville, Florida. These pieces

The objectives of the research presentedin this paper wereof dimensional lumber were selected off the shelf and
] ) ) ] represented the variety of dimensions, wood treaters, and
1. To determine typical leaching behavior of CCA-treated (gtention values available to the average homeowner in

wopd using standard?zed regulatory leaching tests for yho grea. Samples K and L (originally purchased as un-

solid wastes required in the US; _treated southern yellow pine dimensional lumber) were ob-
2. To conduct a preliminary evaluation of CCA preservative i5ined from a lumberyard in Miami, Florida. These two

leaching using leachates designed to simulate specific dis‘samples were treated at two different commercial wood

posal scenarios; _ treating facilities. This process was conducted as part of
3. To examine several sample and test method characterisy rgjated study examining the leachability and toxicity

tics impacting leaching test results (i.e., pH, particle size, ;¢ \wood products treated with different types of water-

leaching time) to aid in the interpretation of regulatory p,ne preservativegt0]. In all cases, the wood preserva-

leaching test results; tion facilities identified the CCA treatment solution used as
4. To compare leaching test results for CCA-treated wood to pe C.

existing regulations and policies so that current and future
regulatory status can be examined; and

5. To identify remaining unknowns regarding how the dis-
posal of CCA-treated wood might impact the environment
as a result of preservative leaching.

3.2. Preservative content

The wood preservation industry rates the degree of chem-
ical treatment that a wood product receives in terms of its

The wood tested in this research was un-weathered woodretention value, which is the mass of preservative per unit
as might be encountered as scrap at construction sites or manvolume of wood. For example, the AWPA'S minimum re-
ufacturing facilities, or as sawdust. Much of the wood encoun- tention value for above-ground use of CCA-treated wood
tered in disposal situations will be weathered (i.e., demolition is 4.0 kg/n? (0.25 Ib/f). The minimum retention value for
debris) and may contain less preservative than newly treatedground-contact wood is 6.4 kgm(0.4 Ib/f), while marine
wood. Limitations of the results with regard to this, and ad- applications frequently require 40 kg?r(2.5 Ib/f%). The in-
ditional research needs, are discussed. formation end tags accompanying treated wood products list
the nominal retention value based on the outer 1.5¢cm (0.6 in.)
of wood. Retention values can be quite variable, even in the

3. Methods same piece of lumbgi5]. The reported retention values on
the end tags for samples A-J and M were 4.0 or 6.4 Rg/m
3.1. Sample processing and collection The target retention value for samples K and L was 4.0 Rg/m

The standard industry method for measuring retention value,

A total of thirteen CCA-treated dimensional lumber sam- X-ray fluorescence (XRF), was used to measure retention val-

ples (designated as A—M ifable 2 were collected. Eleven  uesin samples from the outer 1.5 cm of the wood and samples
of the samples (A through J and M) were purchased from that represented the entire wood specimen teStabl¢ 2.
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The content of arsenic, chromium and copper in the saw- 3.4. Leaching and analytical procedures

dust of sample M was further analyzed by acid digestion

of the wood followed by analysis using inductively coupled Two types of leaching procedures were performed: (1)
plasma atomic emission spectroscopy (ICP-AES). The reten-batch leaching tests standardized by regulatory agencies and
tion value results were variable. While one would expect the (2) modifications of standardized leaching experiments con-
retention values from the outer 1.5 cm to be greater than theducted to evaluate how several test variables impact leach-
bulk retention values, no such observation was made. Thising procedure results. The regulatory leaching tests included
was attributed to sample variability such as treatment gradi- TCLP, the synthetic precipitation leaching procedure (SPLP),
ent across the specimen, grain orientation, presence of heartthe extraction procedure toxicity test (EPTOX), California’s
wood, or specimen imperfections such as tension wood orwaste extraction test (WET), and the multiple extraction pro-
knots etc[41]. Retention values ranged from a minimum of cedure (MEP). The variables examined using modified tests
1.8 kg/n¥ (sample B outer 1.5 cm) to amaximum of 12kd/m  included pH, contact time, and particle size. In addition, sev-

(sample F outer 1.5cm). eral experiments were conducted in a similar fashionas TCLP
but using actual or simulated landfill leachates as the leaching
3.3. Sample preparation fluid. A list of samples and leaching tests conducted in this

experiment is presented ifable 3

Since the results presented in this paper represent a compi-
lation of several different experiments, the methods of sample 3.4.1. Regulatory leaching tests
preparation differ slightly. Samples A through J were evalu-  Five regulatory-based leaching tests were performed. The
ated as part of one experiment to look at metal leaching from TCLP, SPLP, EPTOX, and MEP were developed by the US
CCA-treated wood using different regulatory batch tests and Environmental Protection Agency (EPA). The WET was de-
to evaluate the impact of particle si2]. Samples Kand L veloped by the state of California.
were used for TCLP and SPLP tests only. Sample Mwas sub- The TCLP utilizes a buffered organic acid solution as an
jected to a large battery of tests including the regulatory batch extraction fluid. This test was designed to simulate contami-
tests, experiments to examine the impacts of leaching timenant leaching in a municipal solid waste (MSW) landfill en-
and pH, and tests using actual or simulated landfill leachatesvironment[44,45] The acid used is acetic acid, one of the
for the purpose of examining leaching under specific disposal organic acids formed during the anaerobic decomposition of
scenarios. organic matter in MSW. The TCLP extraction fluid was pre-

Dimensional CCA-treated lumber for samples Athrough J pared by adding 11.4-mL of glacial acetic acid (§THDOH)
was cut into 100-g and 20-g pieces using an electric saw. Theto 1L of deionized water in a 2-L volumetric flask. Then
sawdust from this operation was saved for testing. Some ofthe128.6 mL of 1N sodium hydroxide (NaOH) was added to
wood blocks were further processed using a chipper—shreddethe flask, and the solution was brought to volume (2 L) with
to obtain a particle size distribution similar to landscape deionized water. The resulting solution pH was 4498.05.
mulch. Samples K and L were prepared by cutting lumber The TCLP requires that samples first be size-reduced to less
into 3.8cmx 8.9cmx 2.5cm (2in.x 4in. x 1in.) blocks than 0.95cm. One hundred grams of the size-reduced sam-
and then processing them through a Fritsch Pulverf8dige ples were placed in a 2.2-L polyethylene extraction vessel,
mill to a particle size less than 3.0 m@0]. Sample M con- and 2 L of the extraction solution were added. The slurry was
sisted of sawdust generated during the processing of woodmixed on a rotary extractor for 1& 2h and then filtered
for a different experimer[g3]. through a 0.7um glass fiber filter. The filtrate was collected

Table 3
Leaching procedure performance

Samplename  TCLP SPLP WET EPTOX MEP Leachate Extractions Particle Size  Time pH static

MSW LF C&D Concrete Exp. #1 Exp. #2

Sr X" IOmTMmMmoOO >
CCCCCCLLCLLKLKX
CCCCLCCLCLCLCLKLKXK

CCCCCCCKKKXKL




80 T. Townsend et al. / Journal of Hazardous Materials B114 (2004) 75-91

in 1-L plastic bottles and preserved to a pH of less than 2  Sample M was leached using leachate from a lined MSW
using nitric acid46]. landfill, a simulated C&D debris landfilland a simulated con-
The EPTOX was the predecessor of the TCLP. This test crete monofill. The extraction tests were carried out in a sim-
requires the continual addition of acid to maintain a constant ilar fashion as TCLP; the acetic acid leaching solution was
extraction pH[46]. For the EPTOX, 1009 of sample were replaced, however, with leachate. The MSW leachate (pH =
placed in 1.6 L of deionized water and agitated. The method 8.0) was collected from a lined landfill in Florida that has
requires that the pH of the mixture be maintained at 5 by been closed since 1998. C&D debris landfill leachate (pH =
adding 0.5N acetic acid. The CCA-treated wood samples in 6.9) was collected from a set of simulated C&D debris land-
this study did not require any further acid addition. After fill columns[43]. The simulated concrete monofill leachate
24 h of extraction, deionized water was added to bring the (pH = 10.0) was used to assess potential leaching that might
total volume of the extraction fluid to 2 L. The leachate was occur in a disposal fill dominated by concrete. The simulated
filtered and acidified in the same fashion as TG46). concrete monofill leachate was generated by placing 100g
The SPLP was conducted in a similar fashion as the TCLP of crushed concrete collected from a local concrete recycling
with the exception of the leaching fluid. The SPLP leaching facility in 2 L of deionized water and rotating for 18 h. The
fluid is a simulated acid rain which was prepared by adding mixture was filtered and the leachate produced was used as
a dilute sulfuric acid and nitric acid solution (60/40 mix) to the extraction fluid.
a 19-L container and diluting to volume with reagent water. Particle size, pH and leaching contact time can have
The extraction solution pH was 4.200.05[46]. a major impact on the leachability of metals from waste
The WET is used in California, US, in a similar manner [12,49,50] To examine particle size effect, the TCLP and the
as the TCLP (determination of whether a solid waste is a SPLP were performed on samples A-J using a 100-g block,
hazardous waste). The WET leaching fluid is a buffered citric five 20-g blocks, 100 g of chipped wood, and 100 g of sawdust
acid solution and was prepared by titrating a 0.2 M citric acid for each sample. The MEP was performed on 100-g blocks
(CeHgO7) solution with 4.0N NaOH to a pH of 5.8 0.1. and chipped wood from sample J. A 20:1 liquid-to-solid ratio
One liter of this fluid was added to a 100-g sample and rotated was maintained in each case. The impact of the leaching so-
for a period of 48 h. The procedure performed here deviated lution pH was examined by leaching sawdust from sample M
slightly from the method as defined by California in that de- over a broad pH range using a method similar to the TCLP;
oxygenation of the extraction solution by bubbling nitrogen the leaching fluid was changed. The leaching fluid for the pH
was not carried out. With the exception of the liquid-to-solid test consisted of various proportions of nitric acid (HO
ratio (10:1) and the leaching time, the remainder of the test and sodium hydroxide (NaOH) in deionized water. The pH
was the same as the TCI4#7]. was monitored continuously and adjusted as necessary to ob-
The US EPA developed the MEP as a method to estimatetain the desired pH value (pH 1 through pH 13). Duplicate
the potential long-term leachability of contaminants from samples were leached for 18 h at a 20:1 liquid-to-solid ratio
solid wastes. This test utilizes an initial acetic acid extraction (10 g of wood plus 0.2 L of leaching solution).
followed by sequential extractions with simulated acid rain. Two separate leaching experiments were used to evaluate
The initial extraction fluid is the same as the EPTOX. The the impact of leaching contact time. Both of the tests were
simulated rainfall extraction solution is similar to the SPLP conducted on sample M. In each case, a modified SPLP was
leaching fluid but with a pH of 3.6 0.2. An initial sample followed. In one experiment, the samples (originally 100 g of
size of 60 g was used. Each extraction step was performed forwood) were filtered every 24 h. The solids retained on the fil-
24 h. After each filtration, both the filter and the sample were ter, along with the filter itself, were then leached again using
added to the next extraction vessel. A 20:1 liquid-to-solid new SPLP solution (a 20:1 liquid-to-solid ratio was main-

ratio was used througho[#6]. tained). This experiment was conducted for 14 days. In a
second experiment, replicate samples were leached starting
3.4.2. Additional leaching experiments at the same time. At various times throughout the experiment

Although the TCLP was designed to simulate leaching (1 h, 2h, 3h, 8h, 18 h, 2 days, 5 days, 10 days, 20 days, and
conditions in MSW landfills, the amount of acid contained 40 days), replicates were removed from the rotary extrac-
and the resulting pH (4.93) may not always represent what tor, filtered and preserved. Because of the large number of
is encountered under typical conditions at actual landfills. A samples, the tests were performed on 10 g samples; the 20:1
method that has been suggested to examine more realistidiquid-to-solid ratio was maintained by adding 0.2 L of SPLP
conditions for waste leaching from a landfill is to conduct a solution in 250-mL plastic container. Triplicate samples were
batch leaching test using actual landfill leachate. Hooper etfiltered and analyzed for each time period.
al.[48] performed leaching tests with leachate collected from
California landfills on a number of solid wastes (not treated 3.5. Leachate digestion and analysis
wood) and compared the results to standardized regulatory
leaching tests. A similar approach was applied to sample M Prior to analysis, the leachate samples were digested ac-
using alimited number of leachates representative of different cording to the US EPA method 30146]. This open-vessel
waste disposal conditions. method requires the addition of concentrated nitric acid to
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a representative 100-mL sample. The analysis of arsenic,ously, the acetic acid used in the test simulates the organic
copper, and chromium was conducted following US EPA acids produced from decomposing waste in anaerobic envi-
method 6010846] using a Thermo Jarrel Ash inductively ronments such as a landfill. The regulations require the con-
coupled plasma atomic emission spectrometer (model Env-centrations of specific compounds in the TCLP leachate to
iron 60) with 0.03, 0.017, and 0.014 mg/L detection limits be compared to TC concentrations in the regulati&aig.
for arsenic, chromium, and copper, respectively. Laboratory Both arsenic and chromium have TC concentration limits of
blanks, spikes, and duplicate samples were analyzed for quals mg/L, while copper is not a TC metal (i.e., a waste can not
ity control purposes. be a TC hazardous waste because of copper). Eleven of the 13
samples exceeded 5 mg/L for arsenic. None of the samples
exceeded 5 mg/L for chromium.

4. Results and discussion Although the majority of the CCA-treated wood samples
tested exceeded the regulatory TC limit for arsenic, the reg-

4.1. Regulatory batch tests ulations exclude CCA-treated wood from the definition of
hazardous waste. Specifically, Title 40 of the US Code of

4.1.1. TCLP Federal Regulations (CFR) part 261.4 b (9) excludes the fol-

The TCLP was performed on sawdust from all 13 sam- lowing from the definition of hazardous waste:
ples. As discussed previously, when used for the purpose
of hazardous waste characterization, the TCLP requires that
samples be size reduced to less than 0.95cm. The results
are presented ifmable 4 In general, copper leached at
higher concentrations than arsenic (9 of the 13 samples),
which leached at higher concentrations than chromium. The
mean copper concentration of all 13 samples was 9.9 mg/L
(4.0-16.6 mg/L). The mean concentrations of arsenic and
chromium were 7.0mg/L (3.7-12.5mg/L) and 2.6 mg/L In the absence of this exclusion, CCA-treated wood sim-
(1.1-4.1mg/L), respectively. While previous studies have ilar to the types tested here would require management as a
found chromium to leach the least of all three metals, re- TC hazardous waste. This would include scraps and saw-
sults differ as to which metal (copper or arsenic) leaches thedust from construction sites and manufacturing facilities
most. In the case of TCLP, copper leaches more because othat use CCA-treated wood in their products. The question
the affinity for acetate ions to complex with copper (more so of whether CCA-treated wood removed from service (i.e.,
than arsenic). This falls in line with observations from leach- weathered wood) exceeds the TC for arsenic remains uncer-
ing studies where citric acid was usfdL,12] Citrate also tain. Additional research should be conducted to examine
complexes with copper more readily than arsenic. this. It is noted that the US EPA was petitioned during

The TCLP was designed to provide a relatively quick test July 2002 to remove the hazardous waste exclusion for
that could be performed on a solid waste to determine whetherCCA-treated wood53]. Clearly, removal of the exclusion
that waste should be characterized as hazardous and thus b&ould have a major impact on those discarding CCA-treated
managed in a more controlled fashion. As discussed previ-wood.

“Solid waste which consists of discarded arsenical-treated
wood orwood products which fails the test for the Toxicity
Characteristic for Hazardous Waste Codes D004 through
D017 and which is not a hazardous waste for any other
reason if the waste is generated by persons who utilize
the arsenical-treated wood and wood product for these
materials’ intended end usgs2].

Table 4
Metal concentrations leached from CCA-treated wood sawdust using the TCLP and the SPLP
Sample name TCLP concentrations (mg/L) SPLP concentration (mg/L)

As Cr Cu As Cr Cu
A 4.55 210 963 353 112 201
B 6.66 406 142 532 216 345
C 7.76 328 162 6.85 169 323
D 125 3.02 104 835 190 246
E 7.25 262 7.78 621 171 215
F 511 279 166 3.08 109 297
G 5.35 266 581 446 154 181
H 3.70 109 142 146 052 120
| 7.68 183 712 6.66 123 183
J 813 236 472 7.82 134 153
K 7.88 333 871 890 247 413
L 7.87 336 867 644 208 397
M 6.27 176 401 7.32 140 140

Average 698 264 985 563 156 247
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4.1.2. SPLP that even when the SPLP results are compared to the TC haz-
The SPLP was also performed on sawdust from all 13 ardous waste limit, 9 of the 13 samples exceeded 5mg/L. It
samples (sedlable 4. Unlike TCLP, arsenic leached at is also worth noting that the US drinking water standard for
greater concentrations than copper (in all cases). Copperarsenic will be lowered to 0.01 mg/L in 20060].
leached more than chromium. The mean arsenic concen- Utilizing the SPLP results presented above, one could ar-
tration of all 13 samples was 5.6 mg/L (1.5-8.9mg/L). The gue that CCA-treated wood does leach metals, particularly
mean concentrations of copper and chromium were 2.5 mg/L arsenic, at concentrations such that it should not be dis-
(1.2-4.1mg/L) and 1.6 mg/L (0.5-2.5mg/L), respectively. posed in unlined landfills. The average SPLP arsenic con-
As summarized previously, arsenic has often been observedentration was 5.6 mg/L, 100 times greater than the existing
to leach more than copper in leaching tests at more neutraldrinking water standard and 500 times greater than the fu-
pH conditions where water is used as the leaching mediumture drinking water standard. While a direct comparison of
[12,16] As a whole, the TCLP leached greater concentra- batch leaching test results to groundwater standards seems
tions of all three metals than the SPLP, with the difference an over-simplified approach (neglecting factors such as dilu-
being more pronounced for copper. tion, attenuation, and immobilization), the comparison cer-
Differencesin metal leachability between TCLP and SPLP tainly justifies examining the issue in much greater detail.
result from several factors. As has been discussed previouslyin Florida, USA, for example, groundwater monitoring well
and as will be demonstrated in greater detail later, solution pH data for unlined C&D debris landfills will be closely tracked
plays a major role in metal leachability. The initial pH of the in the coming years.
SPLP solution (4.2) is less than the initial pH of the TCLP so- From aland application standpoint, the SPLP results indi-
lution (4.9). The SPLP solution, however, is not buffered like cate that size-reduced CCA-treated wood should not be land
the TCLP. Depending on the alkalinity of the waste tested, applied. While it is unlikely that size-reduced CCA-treated
changes in the solution pH that occur during the 18 h of leach- wood would be proposed as a soil amendment, it is very
ing may differ between SPLP and TCLP, and thus result in likely CCA-treated wood is contained in landscape mulch
different amounts of metal leaching. Another factor is the derived from C&D debris. A previous study found chipped
complexation ability of the acid used in the leaching fluid. wood from C&D debris recycling facilities in Florida, US,
The anions resulting from organic acids such as citric or acetic to contain an average of 6% CCA-treated wd8d]. Sep-
acid can complex metals causing them to leach in greateraration of CCA-treated wood from un-treated wood can be
concentrations. The degree of complexation differs depend-difficult, especially if the wood is weathered, painted, or dirty.
ing on the metal. In the case of CCA-treated wood, the pH In many areas, a large fraction of the recovered C&D debris
difference between the two tests was not very pronounced.wood is used as landscape mulch, especially after dyeing. As-
The complexation ability of acetate in the TCLP solution suming a SPLP arsenic leaching concentration of 5.0 mg/L
did increase the concentration of metals leached somewhatfrom chipped CCA-treated wood and neglecting the impact
most notably for copper. The difference in metal concentra- of other materials in the mulch, greater than 1% CCA-treated
tions between SPLP and TCLP for CCA-treated wood are wood in a wood mulch mixture would likely exceed the exist-
relatively small, however, compared to other waste streamsing drinking water standard (greater than 0.2% would exceed
(lead-based paint, printed wire boards) where differences arethe future drinking water standard). While one would expect
often several orders of magnitufist,55] the amount of preservative leaching from landscape mulch
The SPLP does not play a specificrole in the US regulatory to be less than that leaching from sawdust (due to the dif-
hazardous waste characterization. It is frequently used to asference in particle size), results in the next section will show
sess therisk to groundwater posed by contaminated56ils that substantial concentrations leach from chipped wood as
The SPLP is sometimes used to assess the potential for awastevell. Townsend et a[39] performed SPLP on chipped wood
to leach in landfill environments where large amounts of or- collected from C&D debris recycling facilities in Florida and
ganic acids are not expected. For example, when assessing thisund that the majority of samples tested exceeded the current
potential risks posed by the disposal of lead-based paint de-drinking water standard for arsenic.
bris in MSW landfills and C&D debris landfills, the US EPA
equated TCLP to MSW landfills and SPLP to C&D debris 4.1.3. EPTOX, WET, and MEP
landfills [54]. The SPLP is also commonly used in the risk Fig. 1 compares the average leachate concentrations for
assessment process for determining beneficial use of solidsample M (sawdust) using SPLP, TCLP, WET and EP-
wasteg[57,58] One way that SPLP results are commonly TOX for arsenic, chromium and copper. The error bars re-
applied is to compare the SPLP leachate concentrations tofer to the standard deviation of triplicate leaching runs. The
applicable groundwater quality standards or goals. Most US most notable observation is the obvious difference in the
states set groundwater quality standards to the drinking wa-concentrations extracted by the WET relative to the other
ter standards, which are 0.05, 0.1, and 1.0 mg/L for arsenic, procedures. WET extracted more than 5 times as much
chromium, and copper, respectivgBf]. The SPLP results  arsenic as TCLP and more than 10 times as much cop-
for all three metals exceeded the respective drinking water per and chromium as TCLP. This results from the much
standards, most notably for arsenic. It is interesting to note greater chelating ability of citrate. Hooper etjdB] observed
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Fig. 1. CCA leaching from treated wood using four regulatory batch tests.

concentrations of many metals at much higher levels in waste in California due to their additional criteria for copper.
WET relative to TCLP. EPTOX leached similar amounts as This merits further investigation.
TCLP. This is not surprising considering both tests use acetic  Fig. 2presents the results of MEP conducted on sample M.
acid. As areminder, the first extraction of the MEP is performed us-
The WET is a California-specific leaching procedure used ing EPTOX extraction fluid (at a pH of 5.0). The subsequent
to determine whether a solid waste is a TC hazardous wasteextractions are performed using a pH 3 synthetic rainwater.
Itis used in addition to TCLP. The concentrations inthe WET The arsenic and chromium results are typical of most sequen-
leachate are compared to the appropriate regulatory criteriatial leaching tests, with the concentrations decreasing with
In addition to arsenic and chromium (5mg/L), if the con- consecutive extractions. The behavior of copper, however, is
centration of copper in either the WET or the TCLP exceeds different. While the copper concentration decreased from the
25mgl/L, the waste is a TC hazardous waste under Califor- first extraction to the second, it then increased until the fourth
nia regulations. The results indicate that CCA-treated wood extraction. This increase likely results from the decrease in
of the type tested here is a California TC hazardous wastepH that occurs with the synthetic rainwater (pH 3.0). As will
for arsenic, chromium and copper. This raises the interestingbe shown later, copper leaching increases greatly at a lower
possibility that the arsenic- and chromium-free wood preser- pH (more so than arsenic and chromium). After the fourth ex-
vatives in line to replace CCA may also be TC hazardous traction, copper concentrations decreased in a similar fashion
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Fig. 2. Multiple extraction procedure (MEP) test results.

as arsenic and chromium. The MEP was designed to asses& the MSW landfill leachate. The fact that arsenic leaches
long-term contaminant leachability from solid wastes. The less in the MSW landfill leachate relative to TCLP and SPLP
designers of the MEP proposed that it would simulate 70 is likely a result of the higher pH (pH impacts are discussed
years of leaching (after seven extractiof&)]. The results in greater detail later). In a like fashion, copper would also
show relatively high residual concentrations of all three met- be expected to leach less in the MSW landfill leachate. The
als at the end of the test, with both arsenic and copper abovefact that copper leaches more indicates that this particular

1mg/L. leachate complexed more copper. The leachate was collected
from an older landfill. Large concentrations of humic and ful-

4.2. Additional leaching testing vic acids are typical of such leachates, and these chemicals
are known to strongly complex coppé?2,63]

4.2.1. Landfill leachate as extraction solutions The C&D debris leachate was collected from a simulated

Table 5presents the results of the leaching tests where C&_D debris Ir_mdfill. In Florida, C&D debris is disposed in
actual or simulated landfill leachates were used as the ex-unlined landfills and thus actual leachate samples are not
traction fluids. TCLP, SPLP, and WET results are included available. In some cases, large amounts of concrete are dis-
for comparison. Because of the limited number of leachates PoSed as clean fill material. While the pH of typical C&D
evaluated, only general and preliminary observations may bedebris landfill leachate is near neutjé,65] large amounts
made. As a whole, the concentrations of arsenic, copper andPf concrete (either in a clean fill scenario or in a C&D debris
chromium extracted by the leachates were similar to the con-andfill) canresultin alkaline pH conditiori4]. Thus a con-
centrations extracted by the SPLP and the TCLP (within the crete monofill leachate was simulated as well. For the most
same order of magnitude). The WET clearly extracted more Part, metal concentrations resulting from the C&D debris and
than any other leaching solution. The concentration of ar- Concrete leachates were less than the TCLP and SPLP con-
senic extracted by the MSW landfill leachate was somewhat centrations. The differences in concentration between the two
smaller than that extracted by the TCLP and SPLP. The con-€an be attributed to the different pH conditions. This will be
centration of copper on the other hand was somewhat greatefiscussed in greater detail later.

Table 5 4.2.2. Particle size impact

Metal concentrations leached from CCA-treated wood sawdust using differ- The impact of particle size was examined on samples A-J
ent extraction solutions by conducting the TCLP and the SPLP on four different sam-
Extraction ExtractionpH ~ As(mg/L) Cr(mg/l) Cu(mg/ll)  ple sizes (a single 100-g block, five 20-g blocks, 1009 of

solution initial _Final chipped wood, and a 100 g of sawdust). The only sample that
SPLP 2 42 789 151 267 truly met the size requirements required in the methodology
TCLP 49 49 713 206 453 was the sawdust. As expected, the leachable metal concentra-
WET 50 41 498 317 682 tions inversely correlated with the sample size (smaller sam-
MSW 80 74 4.48 176 821 ples leached more). An example of these results is presented
Concrete 1o & 598 132 272 in Fig. 3for arsenic TCLP measurements. For results of the
C&D Leachate @& 6.5 257 0766 Q891

other metals and SPLP, see Townsend €#al. Variability
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Fig. 3. Particle size impact on arsenic leaching from CCA-treated wood using TCLP.

exists among the different samples at a given size, but a defi-requires samples to be size reduced. From a practical stand-
nite trend can be observed. Greater concentrations of arseni@oint, however, the results clearly indicate that less metals
leach from the sawdust relative to the larger size samples. Awill leach from larger pieces of CCA-treated wood such as
line corresponding to the TC limit (5mg/L) is superimposed dimensional lumber. The impact of particle size is also illus-
on the results. While 8 of 10 sawdust samples leach greatertrated inFig. 4. The MEP was performed on 100-g blocks and
than 5mg/L arsenic, only 2 of the 10 chipped wood samples chipped wood from sample J and on sawdust from sample M.
and none of the block samples leach greater than 5mg/L.Fig. 4 presents the arsenic concentrations for all three sizes
From a hazardous waste characterization standpoint, the facas a function of leaching time (up to 7 days). The leaching
that larger sizes (those more representative of what might bepatterns are similar in each case, with the concentrations dif-
disposed) leach less metals has no bearing since the TCLHering as expected by particle size. Itis of interest to note that

O 100-g Block (Sample J)
0O  Chipped Wood (Sample J)
A Sawdust (Sample M)

Arsenic Concentration (mg/L)
(o)}
1

Extraction Time (Days)

Fig. 4. Impact of particle size on arsenic leaching from CCA-treated wood using MEP.
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Fig. 5. CCA leachability from CCA-treated wood sawdust (final leaching solution pH values are presented).

even for the 100-g blocks, after 7 days leaching, the arsenictors impacting leachability (e.g., complexation) should not be
concentration (0.42 mg/L) still remains eight times greater neglected.
than the current drinking water standard.
4.2.4. Impact of contact time

4.2.3. pHimpact Two separate experiments were conducted to evaluate the

The impact of pH on metal leaching was examined from impact of contact time. In the first experiment, the extrac-
pH 1 to pH 13.Fig. 5 plots the concentrations of arsenic, tion solution (SPLP) was kept in contact with the sawdust
copper and chromium as a function of pH for sample M. All for the duration of the experiment. Arsenic leached the most
three metals show similar leaching patterns; leached metaland achieved a maximum concentration of approximately
concentrations were the highest at low pH values (four and 14 mg/L after the 40-day extraction perioHig. 6). Cop-
less) and high pH values (greater than 11). The metals inper and chromium approached their respective equilibrium
CCA-treated wood leached the least at pH values near neutralconcentrations within one day of extraction. Arsenic, on the
This observation is in line with the results from most previous other hand, did not approach equilibrium concentrations un-
studieg[11,12] Copper had the greatest difference between til approximately the 10th day. In general, batch tests such
the minimum and maximum concentrations measured. Both as the TCLP are designed so that equilibrium concentrations
copper and chromium exhibited a decrease in leachability atare reached by the end of the test (size reduction, agitation).
the highest pH tested (pH = 12.7). The results presented Fig. 6 show that equilibrium con-

The relationship between pH and leachate concentrationscentrations were not reached for arsenic within the period
helps explain some of the previous observations. For exam-of the TCLP and SPLP (18h). Equilibrium concentrations
ple, arsenic leached more than twice as much in the concreteare approached during this period for copper and chromium.
leachate (final pH =8.7) compared to the C&D debris leachate This could be important when interpreting batch leaching test
(final pH = 6.5). This matches what is observe#ig. 5. The results.
SPLP (pH = 4.2) leaches more than both of these, which  Inthe second test, the leachate was filtered from the wood
again follows the relationship shown Fig. 5. As another sample every 24 h and replaced with SPLP solution. The con-
example, copper leaches approximately the same concentraeentrations measured on each day were multiplied by the vol-
tion in the SPLP and concrete leachates (2.7 mg/L). This is ume of leachate produced on the respective days to determine
again confirmed by the relationship describedrig. 5. As the total mass of metal leached. The cumulative masses of
previously discussed, other factors besides pH alone impactmetals leached were divided by the total concentration of the
leaching. Thisis illustrated by comparing the WET results for metals in the wood (as determined from the composite saw-
all metals and the TCLP and MSW landfill leachate results dustsample: 1390 mg/kg of As, 1450 mg/kg of Cr, 814 mg/kg
for copper to the results froffig. 5; metals are leached above of Cu).Fig. 7 presents the cumulative percentage leached as
the concentrations expected to result from the pH alone. a function of time for all three metals. Similar to the results in
Thus while a pH relationship such as that showrrig. 5 Fig. 6, arsenic leached the most (41% at 14 days). This com-
can be helpful for assessing potential leachability, other fac- pares to 6.5% for chromium and 8.2% for copper. The results
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Fig. 6. Time effect on CCA leachability from CCA-treated wood sawdust. SPLP extraction solution not replaced.

of both experiments indicate that arsenic has the potential totio, wood species), the results presented in this paper com-

continue to leach for extended periods of time. pare relatively well and fall within the range of other exper-
iments. For example, the WET resultsTable 6are similar
4.3. Comparison to other studies to the results presented by Warner and Solorfidr). The

WET (initial pH = 5) extracted 36% of the arsenic compared
The leaching concentrations were converted from mg/L to 32-52% extracted in Warner and Solomon’s citric acid
to the fraction of metal that leached from the wood (%). buffered leaching experiment (pH =4.5-5.5). The SPLP (ini-
These results are summarized for many of the experimentstial pH = 4.2) extracted an average of 10% arsenic and 2.8%
in Table 6 The fraction of metals leached were compared to copper. Cooper'§l2] dilute nitric and sulfuric acid solution
the results from other leaching experiments summarized in (initial pH = 4.5) leached 2.9-6.3% arsenic and 2.4-5.0%
Table 1 Considering the differences in leaching that might copper. Warner and Solomoifkl] leaching experiment per-
be expected to occur as a result of different testing protocolsformed using a dilute sulfuric acid solution at a constant pH
and wood conditions (degree of agitation, liquid-to-solid ra- of 4.5 leached 17.3% arsenic and 21% copper. The AWPA's
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Fig. 7. Time effect on CCA leachability from CCA-treated wood sawdust. SPLP extraction solution replaced every 24 h.
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Table 6 concern. They also suggest that CCA-treated wood might
Fraction of As, Cr, and Cu leached from CCA-treated wood under various Khave an impact on lined landfill leachate quality if disposed
leaching conditions in sufficient quantities. It is important to note, however, that

Method Fraction leached (%) batch leaching tests concentrations may be greater than is
As Cr Cu expected to occur in actual landfill leachate under normal
TCLP? 45-18 16-9.0 65-27 landfill conditions. In a landfill, disposed CCA-treated wood
SPLP 1.8-16 08-5.0 10-5.3 will be found in some loads of waste but not others. Leachate
WET 36 22 84 from areas where CCA-treated wood is disposed will be
pH 30 18 50 30 diluted with leachate from locations without CCA-treated
7.0 45 14 49 wood. While some sawdust and size-reduced treated wood
12 15 98 89 may be disposed in landfills, most of the material will be of
TimeP (days) 2 14 D 6.4 a greater particle size than that required in TCLP and SPLP
10 19 21 7.2 testing. Lower metal concentrations leach at larger particle
40 21 21 6.4 sizes. These results suggest that metal concentrations encoun-
Time® (days) 2 19 3 58 tered in landfill leachate may be lower than those predicted
ig 4311 22 E by batch leaching tests because of the relatively small particle

size required by these tests.
z g‘ulmtber of famlfl"es: 13. Landfill leaching environments may differ depending on
. sglﬂt:gz Té’pl;ipeﬁce : the type of landfill. For example, while leachate from C&D
’ debris landfills is dominated by large concentrations of inor-
ganicions, and may be heavily influenced by sulfate-reducing
bacteria when gypsum drywall is presgsk], MSW landfill
E-11 test results (as reported by Kennedy and ColliG3) leachate chemistry is determined by the biological reactions
leached somewhat greater amounts of arsenic (19%) and simyccyrring as a result of the anaerobic waste decomposition
ilar amounts of copper (5.7%) and chromium (3.3%) when 168 59] Although leaching environments in landfills may
compared to SPLP. Thus, while methods such as the SPLF,¢ ifferent that those encountered in batch leaching tests,
and TCLP are often criticized for over-predicting leaching ggyits presented earlier show similar CCA-treated wood
because of the size reduction involved, they predict similar |5ching behavior in these environments. Leaching results
or lower concentrations relative to the wood preservation in- yresented in this research indicate that arsenic and chromium

dustry standard testing protocol. concentrations extracted by the TCLP and SPLP from CCA-
treated wood were relatively close to one another, and to those
4.4. Evaluating potential impacts on landfills measured when leached in landfill leachate. Two primary fac-

tors control metal leachability: the presence of organic acids

The recommended disposal management technique forand extraction solution pH. While one would expect metals to
CCA-treated wood has traditionally been landfillif@g]. be complexed by the organic acids present in landfill leachate
The potential environmental impact will differ according to as well as the TCLP, that was not necessarily the case with
the type of landfill in which the wood is disposed. In the arsenic and chromium. The similar concentrations of arsenic
US, CCA-treated wood is disposed in both lined and unlined and chromium measured in the TCLP relative to the SPLP
landfills. The US federal regulations require landfills used indicate that acetic acid did not form complexes with either
for MSW disposal to be constructed with liners and leachate arsenic or chromium. Hooper et §8] reported that acetic
collection systems. C&D debris landfills, on the other hand, acid in TCLP tended not to complex with oxyanions like
do not require liner systems at the federal level; some statesarsenic and chromium. This indicates that the presence of
require liner systems while others do not. In locations where acetic acid in the TCLP as well as the MSW landfill leachate
unlined landfills are permitted, C&D debris materials includ- examined was not a large factor in controlling arsenic and
ing CCA-treated wood are typically disposed in unlined fa- chromium leachability from CCA-treated wood. The second
cilities. Some states have specific disposal requirements forfactor effecting metal leachability is extraction pH. As ap-
CCA-treated wood. California, for example, requires the dis- parent inFig. 5 at extreme pH values, a unit change in pH
posal of used CCA-treated electrical and telephone utility was accompanied by a large change in arsenic and chromium
poles in lined landfill§67]. concentrations. For example, when pH increased from 2 to 3,

The results of leaching tests reported here found CCA- the arsenic concentration decreased from 18 to 8 mg/L. That
treated wood to leach arsenic, chromium and copper abovetrend was not observed at neutral to alkaline pH values (pH
the drinking water standards (many times greater in somevalues 5 through 9). Since most of the leachate examined in
cases). Arsenic often leached above the TC hazardous wastéhis study had a pH value within this range (Sesble 3,
limit. These results suggest that in the case of unlined land-the difference in extraction pH also was not a major factor
fills, the potential impact of metals leaching from the disposed in controlling the leachability of arsenic and chromium from
CCA-treated wood on groundwater quality is the greatest CCA-treated wood.
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Subsequent interaction of the leached metals with the sur-but also must often be performed to meet regulatory require-
rounding landfill environment may also impact metal concen- ments. Regulatory leaching tests were performed on new
trations in landfill leachates. Landfills are biologically active CCA-treated wood. Eleven of thirteen CCA-treated wood
and often very reducing. Metals can be removed from solution samples exceeded the RCRA TC limits for arsenic (5 mg/L).
by entrainment, sorption and precipitation. Previous researchlf CCA-treated wood were not otherwise excluded from the
indicates the three metals in CCA-treated wood will behave definition of hazardous waste, it would need to be managed as
differently in a landfill environment relative to that predicted a hazardous waste in the US. Arsenic appears to present the
in a leaching test. In simulated C&D debris landfill columns greatest potential risk from a waste management perspective.
containing 0.5% by mass CCA-treated wood, both arsenic Arsenic concentrations exceeded 5mg/L in 9 of 13 samples
and chromium were found to leach at measurable concentra-using a simulated rainwater test (the SPLP) and therefore
tions, but copper was below detection limit for most of the also exceeded the drinking water standards (DWS). When
duration of the experimern65]. Weber et al[70] in a study compared to the literature, the SPLP leached similar or lower
of leachate from land disposed construction debris contain- concentrations metals compared to the AWPAs E-11 test pro-
ing CCA-treated wood observed arsenic and chromium in the cedure for examining leaching from treated wood products.
leachate, but little copper. Of the regulatory batch leaching tests, the WET extracted

Itisimportantto note that the tests results presented hereinmore metals than any other batch leaching tests. This is
were performed on un-weathered CCA-treated wood. While caused by the use of citric acid which chelates heavy met-
the results are directly applicable to scrap from construction als relatively more than the acids used in other tests. The
sites and sawdust, discarded wood removed from service af-other three tests (SPLP, TCLP and EPTOX) extracted similar
ter exposure to weathering conditions might display differ- metal concentrations. Actual leachate extractions resulted in
ent characteristics. Some copper, chromium, and arsenic willlower metal concentrations than the regulatory batch leaching
leach from CCA-treated wood when exposed to water and tests, except for copper. Leaching of arsenic and chromium
soil in the environment. The amount that leaches will be a was controlled by solution pH. Copper leaching was influ-
function of the ambient conditions (i.e., above ground, in enced by interaction with chemicals in the leachate. Metal
soil, submerged) and is estimated to be up to 20%. Addi- leachability from CCA-treated wood is the highest at ex-
tional research is needed to characterize leaching behaviotreme pH values and lowest around pH 7. As particle size
of weathered CCA-treated wood, both from a regulatory per- decreases metal leachability increases. Metal leachability in-
spective and to evaluate the impact on landfill disposal. creases with increasing contact time. Although the copper

The information presented above indicates that arsenic,and chromium concentrations reached equilibrium concen-
chromium and copper contamination of leachate at lined trations within 7 days, the arsenic concentrations continued
landfills and groundwater at unlined landfills might be a con- to increase throughout the test.
cernwhen CCA-treated wood is disposed in sufficientquanti-  The results indicate that there is certainly a potential for
ties. The factthat more CCA-treated wood is expected to enterconcern with respect to leachate quality from lined landfills,
the waste stream in the futuj®] compounds this problem.  groundwater quality at unlined landfills, and processed wood
Arsenic appears to be the most troublesome element of themulch from C&D debris. More research is needed to assess
three. The complexities and differences between laboratorythe exact magnitude of the problem at actual disposal sites.
batch tests and actual landfill environments, however, leave
some uncertainty as to the magnitude of the impact. Addi-
tional research needed to address these questions would be References
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