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ABSTRACT

The condruction and expanson of agphdt roadways result in the production of a large
amount of agphdt road wade dso known as redamed asphdt pavement (RAP). A mgor
fraction of this RAP is recyded by incorporaion into a new agphdt mixture However,
some of this materid may reman as a solid waste and require digposd or reuse in some
other foom.  One proposed dterndive for the management of RAP is in the use asfill
materid, in goplications such as embankments or condruction fill. One limitation to usng
RAP &s fill materid gems from the unknown risks of pallutants leeching fom  the waste to
the environment.

Data regarding the compogtion of leachate from RAP s limited. It has been
uggested that chemica compounds such as palycydic aromdic hydrocarbons (PAHs) ad
heavy metds might be present in RAP and therefore leach Erom RAP. This might occur as a
result of the chemicd compostion of agphdt and from contamination occurring from vehide
traffic on the roadway. An invegtigation was performed to address concarns assodaed with
leeching of chemicds from RAP under smulated environmentd conditions Such an
invedigaion aso provides vaudble information regarding possble environmenta  impacts
asodaed with leeching of pollutants from large stockpiles of RAP.

A sies of leaching tests were performed a both batch-scde and in leaching columns
This sudy focused on leechable pallutants and did not attempt to characterize the totd
concentration of pallutants in the M1?. The primary chemicds investigated were voldile
organic compounds (VOCs), polycydic aomatic hydrocarbons (PAHs), and heavy metds
The reaults of the TCLP teds peformed indicated that the 1Q4P tested was not a hazardous
wagte. None of the compounds andyzed for were detected in the SPLP leachate. Based on
exiding waste management palicy in Horida, the SPLP reaults indicated that IMP of the
nature tested in this sudy would result in excesdances of groundwater guidance
concentrations for the pollutants dudied. In the column sudy, lead was detected in amounts
dightly above the groundwater guidance concentration but decreesed over time One
unsaturated column and three sturated columns (two Sites) exceeded the 15 ppb groundwater
guidance concentration. Al but one column dropped to beow 1 ppb by the end of the Sudly.

The differences in lead concentrations obsarved in the batch sudy and column study
were a result of the much greater solid-to-liquid ratio in the columns. It is Standard prectice to
goply a dilution factor to actud leaehate concentrations such as those from column tests
(dilution is assumed to dready occur in batch tests). Udng typicd dilution factors for land-
aoplied waste, even the grestest concentration of lead measured in the leachate would be
lower then the groundwater guidance concentration. Lead was obsarved a the gresiest
concentrations in the oldet RAP samples Thisindicated thet the lead was not a result of the
aggregate or agphdt cement, but rather a result of vehide treffic and emissons  The results of
this research project indicated that TUP of the nature examined in this Sudy poses minima
rsk to groundwater as a result of pollutant leaching under normd land digposd or beneficd
reuse scenarios. Conditions of possible concern would be M1? used in saturated
environments where little dilution oocurred.
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EXECUTIVE SUMMARY
OBJECTIVES

Approximatdy 2.5 million miles of paved roads currently exigt in the United States
(NAPA, 1997). Due to daly wear and tear, roadway expangon, and condruction rdaed
activities, these roadways sometimes need to be removed or repaired. During recondruction
or remova of a road surface, redamed asphdt pavement (RAP) is commonly obtained by
milling or removing the exiding pavemeant. RAP is typicdly recyded back into new hot mix
agphdt, but in some ingances dl of it can not be reused. A proposed dternative for the
manegamat of RAP is use as fill maerid. One limitation to usng RAP as fill maeid sems
Tom alack of knowledge regarding possible environmentd impects of MI?

Two different types of environmenta concerns rdate to leaching of pallutants from
RAP. The fird is the leachate produced when ranfdl infiltrates RAP gockpiles. These RAP
gockpiles can range in 9ze up to 2000 yd3. Concerns have been expressed that the leachate
produced could potentidly be contaminated with trace amounts of hazardous chemicds,
namdy organic compounds or heavy metds. These chemicds could be the result of
acadenta spills onto the roadway from vehides or possbly due to the virgin materid used to !
meke agphdt. A second environmental concan is the use of TUP &s fill maeid. IMP usd
as fill mateid could potentidly leach off contaminents when rainftil  infiltrates the wade (an
unsaturated condition). In some indances the RAP may be proposad to be used as fill below
the water table (a saturated condition). In both Stuations, the leachate produced could
potentidly be contaminated with trace amounts of hazardous chemicas such as organic
compounds and heavy metds

This project was conducted to address some of the environmenta concerns expressed
by regulaors and others rddaed to the leaching of pollutants from asphdt road waste,
primaily RAP. A saries of leaching tests were parformed a both baich-scde and in leeching
columns The primary chemicds invesigated were valdile organic compounds (VOCs),
polycydic aromatic hydrocarbons (PAHs), and heavy metds While it is gengrdly
recognized that RAP does not present a greet risk to humean hedth or the environment, a better
characterization of the amount and type of chemicas that leach in the ervironment hdps
provide a better means to correctly manage this materid.

ORGANIZATION OF REPORT

This research report is organized as follows: Chapter one provides a brief overview of
the issues surrounding FM? and its potentid  environmentd impacts. Chapter two reviews the
rdevat literature pertaning to agphdt road wagte and its impact on the environment. This
chapter dso gives a background of different agphdt maeids Chapter three presents the
experimental methodology for the study. Chapter four presents and discusses the results of
the leaching dudies. The find chapter discusses the results and provides condusions
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METHODOLOGY

In light of the environmental concans about RAP, a prgject involving a series of
leeching tests was paformed a the Universty of Horida Solid and Hazardous Wade
Laboratory. The firg sep induded collection of 9x RAP samples throughout the date of
Horida After sample collection, the FDOT bituminous laboratory physcdly characterized
the RAP samples Then a saries of leaching tests were performed on the RAP samples The
fird tests were typicd batchHeaching tests induding the TCLP, SPLP, and DI leaching
procedure. The second test was a column leeching tes paformed to amulate a more redigtic
environmental condiition. Leachate samples obtained fkom the batch experiments and column
expaiments ware andyzed for the same paamgas The primary chemicds investigaed
were voldile organic compounds (VOCs), palycydic arometic hydrocarbons (PAHs), ad
heavy metds The totd concentrations of pallutants in the RAP were not meesured.

RESULTS AND DISCUSSION

Batch tests were pefiormed  on dl sx RAP samples In the leachate generated during
the TCLP batch tes, measurements of volatile organic compounds (VOCs), pdycydic
aomdic hydrocarbons (PA&ls), and heavy metds dl were bdow detection limit (BDL) and
bdow any goplicdble TCLP limits. The ITUP samples evduated were therefore not a
hazardous wade. This result was expected, as the literature had demondrated this

Batch tedts are adso used by regulaory agendes to determine whether a wade presents
a potentid leaching threst to groundwater. Concentrations of pollutants from beich tess are
usudly compered directly to groundwater limits or guidance concentrations. TCLP test are
sometimes used. The literature did present some TCLP results that were aove gpplicable
groundwater limits for some heavy metds (Kriech 1990,1991,1992). The TCLP tedt is a
somewhat aggressive test that represents the conditions indde an anaerobic landfill. Less
aggressve tests were therefore dso conducted in this sudy (SPLP and delonized water). The
SPLP is currently the method of choice for evauding leaching from wagte or contaminated
soils in Horida when exposad to ranfdl.

In dl of the baich tests messurements of VOCs, PAHs, and sdected heavy meds
(Ba, Ca, Cr, Cu, Pb, Ni, and Zn) dl were bdow detection limit (BDL) and were bdow
gpoplicable regulatory groundwater guidance concentrations. This indicated that the TUP
samples tested did not pose an undue risk (in regard to leaching of the pollutants tested) under
current wagte palicy in Horida No comparisons can be made regarding the effectiveness of
each tes to leach pollutants because no pollutants were measured.

Column (lysmeter) tests were then performed on the same Sx RAP samples Cadum
tests are not a prescribed test procedure by regulatory agencies. They were conducted in this
ca=e to invedigate leachate production from RAP under more redidic environmentd
scenarios. Approximady 60 Ibs of RAP maenid filled a three foot saction of each column.
Duplicate columns were subjected to saturated and unsaturated conditions. Column leachate
samples were andyzed for the same parameters as the baich tests and continued for atotd  of
42 days. The columns did leach large concentrations of ions such as cddum, sodium, sulfate,
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fluoride, and carbonate as a result of minerd leaching from the aggregate usad in the agphdt
pavement menufacture All VOC and PAH andyticd results were amilar to the batch test --
no compounds were detected. Leachate concentrations for sdected heavy metds (Ba, Ca Cr,
CU, Ni, and Zn) were dways bdow detection limits (BDL). An exception was lead (Ph),
which was detected.

Only one unsaturated lysmeter resulted in a leechate with a lead concentration above
the groundwater guidance concentration (15 ppb). Leachate from the unsaturated lysmeter
containing the Jacksonville sample had a lead concentration of goproximeatdy 24 ppb twelve
days into the sampling period. The concentration of lead decressed over time and then
levded off wdl bdow the regulatory guidance concantrations In the saturated columns all
columns had detectable concentrations of lead ranging from 5 ppb to 38 ppb. Three out of the
ax lyameters (two dtes) were above the regulaiory guiddine. The lysmeters decressed over
time to lead concentrations below the guidance concentration (and the detection limit) except
the Jacksonville sample. The Jecksonville sample concentration decressed dightly but was
dill above the guidance concentretion a gpproximatdy 18 ppb.

The batch tests were more dilute than the column tests. This condition helps to
explan why lead concentrations were obsarved in the column sudy but not in the baich tedt.
In a red world stuation, rainfdl would ultimatdy dilute leachate produced corn a stockpile
before it reached the groundwater table or a nearby receiving body of water. This
phenomenon is commonly refared to as dilution-attenuation. Attenugtion modds usad to
determine the concentration of a pallutant in the groundwater resulting from wagte piles and
landfills commonly use a dilution factor of 20 in ther modds This dilution factor is
accounted for in the betch test by the 20 to 1 liquid to sdlid ratio. In the column study,
somewha no dilution is involved. If the concentrations produced from the column dudies
were ussd as part of a groundwater dilution modd, results would likdy be bdow any
regulaory guiddine

Lead was obsarved in the greatest concentrations in the oldest IMP samples This
indicated thet the lead was not a result of the aggregate or agphdt cement, but rather a result
of vehide traffic and emissons Lead has been usad for many years in leaded gasoline and in
crankcase all. Snce vehide acddents and acadentd spills contribute to this contamingtion,
there is a posshility thet this contamination was dte pedific. Previous dudies regarding
agphdt road wagte dso found trace amounts of leed in some drcumdances Since lead was
encountered in grester concentrations in older samples, the source of lead was likdy
prolonged exposure to vehide traffic and emissons Under modt reuse drcumdances, even if
lead were encountered a leves of the highest concentration meesured in this sudy, the
concentraions in the environment would be bdow acoeptable regulatory leves for drinking
water. Possble exceptions would be older IMP placed bdow the water table in areas with
litle or no dilution.

Mog of the previous dudies regarding RAP leeching were conagent with the results
found in this Sudy. Organic compounds do not leach from typicd RAP under the conditions
tested. Heavy metds are sometimes encountered. The literature indicated the presence of
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chvomium, lead, and barium. Only lead was detected in this sudy and was astribed to
prolonged exposure to and vehide emissons The literature often referred to

dromium resulting from dag used as aggregate. It should be noted thet the aggregate used in
the agphdt samples collected for this Sudy was assumed to be naturd aggregae (eg.
limerock). If other materids -- espeddly waste materids such as dag, spent sendblagt grit
and ash -- are usad as aggregate, the reults gathered here may not be gpplicable. It should
a0 be noted that fresh agphdt was not tested, nor were extremes in temperatures evauated.
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