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ARSTRACT

A conceptual harard agsessment design is presented here for
addressing waste site cleanup. Three main skeps te be carried out in an
eraluation of any potential waste site include, ldentification of
potential ehemical expasure, aggessment of that expagure in relation to
established ‘smafe’ concentrabions, and control measures to remediate the
gxpasire. Hazard assessment teéchniques are used to establish the
appropriate “how clean 1s elean enaugh' endpoints based on calculabed
marging of safety {(MS), where MS = toxicologlcally zafe
concentration/srposure concentration, A zuccesaful remedlal actlon
endpoint is aehieved when the targeted exposure reduction action resulbs
in a margin of safety that is greater than 1.0 (M3 > 1.0] including the |
uncertainty of the estimate. Thils assessment pregram is carried out in a
cost effective gtep by step tilered approach to guide selection of a
remediation endpoint.

INTRCTUCTION

There are estimated to be well over 20,00M sclid and contained liquld
waste aites {both legal and illegal) ln the U.5. (1-3). Hany af che gsites
have been abandoned and are perceived as or are known to be sources of
chemical contaminatlion. Costs for eleanup of Lhese sitas has been
eatimated at up to §$10-20 billlon. The 1984 RCRA amendments (4} are
forcing review of current waste disposal practices and are geared towards
prevention and reduction of future problems from hazardous waste
facilitles. The 1980 ‘Superfund’ Law 18 almed at cleaning up thoss past
gites wWhich are ot may threatan buman health and the environment.
Technically sound, tost effective approaches are needed Lo determine “how
alean is elsan' For remedial or cerrective acrtion under both programs. A
tazard assessment based approach is presented here to ukilize rational
decislon making in addresding the cleanup of any contaminated site. The
hazard azgessment approach suggested here addressed the eritical iszsue of
how extensive the remedial practices must be to protect the ecosystem and
humans From exposure to toxle cnemtcals (S).
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How Clean Is Clean?

A key factor in any remedial action program must be the establishment
of a justifiable endpoint which 1s established by answering "how clean 13
clean?'., This endpoint is a reducticn in the concentration of the
chemiecal(s) to a point where no adverse 1mpact is expected to man or the
environment now or in the future. The factors that affect the
establishment of the target performance standard include subsurface or
surface hydrology, chemical fate and transport preperties and
toxicologlreal characteristies.

The answer to, "how clean is c¢lean?' 1s indeed complex. All aspects
of a problem resolution scheme must take part (Figure 1). The potential
problem must be 1dentified in terms of what compound(s) or groups of
compounds are present. The levels of these compcunds must be
quantified. This is to be followed by a comprehensive assesstent. The
assessment addresses both chemical exposure and chemical effects in a
rational marner. Both short and long term exposures and effeects are
addressed. This assessment process allows the thorough understanding of
the implications of the exposure. The general formula for addressing both
exposure and effects together also considers uncertainty of exposure
calculations (equation 1).

Safe Concentration
Margin of Safety =  --==w- (N
(M3) (Exposure Cone. }{Uncertainty)

We will assume that a safe coneentration can be established for a
particular exposure scenario. A margin of safety, then, is a function of
the measured exposure concentration and the uncertalnty or variabiliity
that exists in the exposure determination. The exposure concentration 1s
unacceptably high when the MS 1s less than 1.0 (6) An exposure
coneentration 13 desired that causes tne M5 to exceed 1.0. Assessment,
then is the coupling of chemical exposure concentrations (whether measured
or predicted) with the toxicologiecally safe concentrations that 1s
appropriate for the exposure secenario {figure 2}. This type of assessment
guides the cholce and development of control actions and provides an
1terative review of post-remedial action results. The site 15 “elean'
when these processes are complete and margin of safeties are
scientifically judged to be adequate.

Degision-making Steps for Cleanupn at Waste Sites

Cleanup of any waste slte may be carried out 1n a stepwise fashion as
deseribed in Figure 3 and Table 1 The steps reguired include both
decision polnts and more complex activity steps  Moving through the
described decision-making process represented in the simple flowchart
results in a rational stepwise approach to correctly ascertaining the
necessary extent of remediation of an identified waste site probliem
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Table 1

summary of Risk Results and Research Recommendations from a Hypethetical
Million BPD Qil Shale Fuel Cycle

Required Exposure:

Tier Data Requirements Cost bncertainty of Cone_=, Safe Cong,
Expasure Calc, (W] {Tncerteinty
+ Monitoring onsite LARGE -5
e Generel site geology & characteristics 1 0.5 10
I s AD]'s and/or Screening Toxiculegy Tests {1074107)
= Stmple one dimensional madeiing
 Monitoring {con't)
® Leachate rate or source loading rate MEG UM -3
1 s Mydroiogic characteristics 3 o 3 10
» 2 dimensional solute transport in {107-10%)
groundwater or syrface waters
« ADI's
= Offsite (if needed) hydrologic data
« Offsite monitoring (1f needed) SMALL 1
111 + 2-3 dimensfonal solute transpert modeling 117 01 10"
« Sorption, bicdegradation, hydrolysis rates (10”-10")
» Toxicity data for complex mixtures
® ADI's
« Complete field chemical 41 to ONE 0
1w analyses (spatin] & temporal) 3553 o 0
& ADI's for all constituents {10%)
M5 = E& WM§ 21.0 is required so rearranging allows calculation of maximum allowable exposure:
xposure

Exposure = Safe/{M5){Uncertainty)

Four main assumptions are considered here, First, the existence of
contamination substantial enough to be of potential concern has been
established. Second, the scurce is considered sufficiently large such
that the preblem will not rapidly correct itself. Third, an acceptable
safe concentration has bheen or can be established for the chemicals of
concern, Fourth, when safe concentration is used a margin of safety (MS)
in excess of 1.0 is an appropriate 'clean' target. The concept of a safe
level is used by EPA and others in an attempt to establish safe chemical
concentrations for the protection of human life and the enviroament {7}.
The use of the term safe concentration in this paper directly assumes that
an acceptable or safe concentration can be correctly established. The
exact technical procedures for establishment of safe or acceptable levels
of exposure are not an issue here.

Beginning with Figure 3, the first steps for the site evaluation
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include ascertaining the scope of the problem. The main emphases are
‘what chemicals are found where and in what concentrations?' This is
followed by determination of approximate rates of continued chemical input
from the scurce, Rapid or catastrophic release of chemicals to
groundwater would call for a different response than a slow leaching of a
source., The leaching could, for example, be defined by the Toxicity
Characteristic Leaching Procedure (TCLP) being developed by EPA. These
data provide definition of the contamipnants at the waste site. Then, the
following question is asked: Does this preliminary data suggest any
potential problems? If not, one ends the investigation. I[f potential
problems are indicated, a Tier 1 assessment (Table 1) is earried out to
estimate the existing exposure concentrations.

Tier 1 Assessment

Tier 1 assessments include continued monitoring of chemicals at the
site as well as condueting a hydrogeologic evaluation of the site.
identified compounds would have a “safe' concentration determined. The
safe coneentration must be selected with regard to the existing and future
exposure scenarios.

Determining the correct exposure scenario is eritical. Chronic
toxieity requires chronic exposure. Carcinogenicity requires lifetime (70
years) exposures. Long term exposures must be considered possible if the
source is very large and is essentially considered infinite. However, if
a contaminated aquifer is not a drinking water aguifer (it may be saline,
for example), application of a carcinogenic endpoint may be
inappropriate. Discharge of the chemical into a surface water body from
such a saline aquifer would then alter the useful endpoint to perhaps a
site specific water quality criteria. [t is therefore possible toe require
different endpoints for the different, aspects of the expeosure scenario.
Initial analytical data plus sifte hydrogeologic characteristics can then
be coupled with simple one dimensional modeling to yield short and long
term chemical exposure estimates. Necessary exposures {that result in MS
> 1.0) can then be calculated based on the safe concentratiocn, required
margin of safety and the related uncertainty {eg. 1). At this point,
return to the flow chart (Figure 3}.

More specifiec data concerning leaching rates, transport times {which
take into account appropriate chemical for the processes) and exposure
estimations with lower uncertainty would be required if the chemical(s)
have entered either a drinking water aguifer or surface water body from
subsurface flow. No further testing would be required if drinking water
supplied were not in the chemical flow path and Tier 1 exposures were
aceeptaple. If the exposures are unacceptable than Tier 2 assessment is
required,

Tier 2 Assessment

Tier 2 assessments focus on improvement of understanding of existing
and future chemical exposure, fate and transport. Existing chemical
exposure is further evaluated by additicnal chemical measurements made
both spatially and temporally. These measurements may require more
monitoring wells and an expanded site based on the results of Tier 1
assessments. Additionally, a leachate rate (from TCLP} should be
generated if deemed necessary and not already accomplished. Additional
hydrogeologic parameters regquired for exposure analysis that may not be
known or are needed for 1 dimensional solute transport modeling, should be
generated. Properly calibrated 2 dimensional models can generakte exposure
concentrations with less uncertainty than 1 dimensional models. A lesser
gap between exposure concentrations and uncertainty factors is allowed
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aith the Tier 2 efforts, while still achieving a M5 > 1,0,

Upon return to Flgure 3, juegment of Tier 2 exposure pradictions arz
made, Acceptable MS's (M3 » 1.0), cocupled with continued monitoring for
yorification purpoies sllow the site investigation toe mowve za
completion. Unacceprabls MS's require moving to Tier 3 or carry¥ing out
semediation.

Tier 3 assessments may require offsits (i.e. expandac teyand original
natural site bounoaries) hydrogeclogic data to be determined. ™any =solute
transoort models carry agsumptions of homegensity ano isotropy, ‘These
agsumptions are often valid for short distances ot 3reas but uszually
beceme unaupportable with greater distances From z source. Variability
over a 3ite of tranamlssivities, conductivities and dispersivities carn
lead to unaccepktable uncertrinty factors, Therefore, improvement of
future chemical exposures may require more extensive ana cosStly cali.
Existing amalytical data may not fully cdescribe chemleal bransporbed
bzyond initial discovery (Tier 1 and 2} effares. This may be especially
‘mpartant if deeper aguifers are potentially Irpacted.

Thege more extensive dakta collection efforts are coupled with
estimated or measured chemical equilibrium and decay processss for key
individual compounds. These loss (sink) mechanisms baeome increasingly
important as greater exposure prediction acocuracy is required. Tu place
af toxicological data that may not be availanls, “#afe’ toxienlogie
endpoints may have to be establiahed for the complex mixtures of compilrds
that may exist (8-10}. Thase sests may include acute tests {plant root
elongation, algal assays, Cerlodaphnia mortality} or chranie testa
{e#arthworm growth cr Ceriodaphnia reproduction that are currently breing
avaluated by EPAY., New ciposure cohcenbrations can be determined For each
sez of 1uew data, modeling predictions and their wacestainty factors. More
aocpprenensive data sets obtained under Tier 3 guidalines {chemipal and
hydrogealogie data) should reduge uncertainty related to predicted
exposure coneentrations from thabt of Tiers 1 and 2. The allowed exposure
concentration te achieve MS » 1.0 would be greater by an egulwalent
margin.

Tigr L pssassment

Complete field chemical analyses wWould be required (spatially and
temporally)} throughout the entire site if Tier 3 exposurce values d4re
vonsidered inadecuate Lo guide remedial actlions. Many more paniboring
poirnta (than with lier 1 to 3} would be need=d to ana’ytically describe a
chemical waste site fully 3 dimensionally. {osts 2ould become prohibitive
relative to possible remedia. practicas,

Decision pein%s for remedial action can occur at any of the return
points in Figure 1 from Table 1. A remedlation is selscted bthat will
obtaln a particuler tier's required evposure concentration yieléing MS >
1.0, If the remediation i3 judged to be excessive in either cost or scope
tnen tha next tier assessment 1s conducted. Determication of the
necessity, extent and specifiss of remediation at any site must be carried
out uzing these assessment pracedures. Data reguirements may include
chemical specific parameters such ag soil partitiecning, degradation rates,
aguenus solubility and aquifer characteristies sueh as permeabilitics,
grodients, densities, direction of flows snd storage. Needed
toxicologieal data, if abzent, may include aguabic acute and chronic tests
and mammalian chronic studles. CLhrainlng these data may become expensive
should the scale of the site bve large. However, contrel of chemical
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exposure without sufficient assessment could result in gross over-
expenditures far in excess aof assessment costs.

ldentifying appropriate remedial actions tc address the various
affected regions is the next step to carry out. Possible remedial actions
of groundwater contamination are many in number. Varilous categories range
from simple water withdrawal to walls or trenches to divert grounduwater
flow to complete removai of contaminated aguifer material. The specific
actions taken must reflect both the desired goal of reducing chemical
exposure as well as being cost effective. Following choice of remedial
actions, mathematical modeling should again be used t¢ estimate the new or
altered chemical concentrations. Plotting the new exposure isopleths gives
guidance as to the ultimate success of the remediatiom.

Hypothetical Use of the Waste Site Decision Tree

Examination of a hypothetical case study illustrates the principles
pehind the approach. The demonstration involves a leachate moving from a
waste site through soil to groundwater, then to a stream. The chemical of
concern is tetrachloroethylene, a slightly soluble solvent (Table 2).
Chemical concentrations were measured in surface soils, a groundwater and
surface waters, Concentration isopleths were drawn. Long term
tetrachlcroethylene fate predictions through mathematical modeling were
used to evaluate the steps that follow.

Cholce of toxicological endpeints requires examination of the
exposure scenaric. The aguifer Ls not considered to be a potential
drinking water source {(salinity > 4%) nor used to feed stock animals. The
groundwater discharges inte a stream, Fish may be consumed¢ from the
stream. The safe concentration utilized here will be the aguatic life
criteria (1500 ug/L).

Calculated uncertainty can then be overlain oo the exposure
concentration isopleths (Figure 2}. Now the identified chemiecal exposures
can be adequately understood through this assessment. Clearly, all of the
chemical levels present are not unsafé (based on exposures). The eftent
to which the site must be remediated can now be eclearly identified.
Exposures considered unacceptable would trigger either further work (e.g.
advanced tiers) to better establish chemical concentrations or remedial
aetien,

Remedial activities are called for by the decision tree analysis when
exposure concentrations are deemed unaceeptable. Possible remedial
actions include: {1) doing nothing, (2} using a combination of best
engineering practices or {3) digging it up. Chemical fate modeling is
used to evaluate the results of the various remedial actions. The overall
effect of doing nothing may cause exposures to get worse (i.e. MS's
smaller) as the concentrations increase through time. The combination of
engineering practices reduces chemical levels. Evacuation and removal from
the site of all contaminated material does improve the margin of
safeties., However, consideration of another facter, cast, reveals the
drawbacks of the "dig-it-up' approach to cleanup. Excavation of even a
small {1 acre) site 30-U40 feet deep {to bottom aquifer) generates over
80,000 tons of agquifer material. A 200 acre site with a contaminated
aguifer 100 feet deep would generate 40,000,000 tons of aquifer
material. Even a combination of source excavation and removal coupled
with complete aquifer withdrawal and treatment would be unduly costly for
such a large asite. Clearly, rational remedial actions or control measures
must be dictated by all facets of the identification and assessment
processes.
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SUMMARY

Cleanup of cantaminated waste sites 1s possible In a manner that s
sgeientifically adequate, tecnnologically feasible and cost effectire,
Hemedial activities must be guided by a complekbe copprehension of the
identified problems through assessment. Fallure to do so can be costly.
Efficient use of existing resaurces can yield the best resclbtz not onuy
for a particular sike but alse for cffectively addressicg the nation's
ovuerall toxic wastes problems.

The general approach t0 the addroessing of waste site eleanup {s not
new. The pringiplez =luridzted here have been used to address work place
chemical euposure limits, set permitted effluent dizcharge limits and
gide industrial waste ftreatment plant cesigns. The approach outlined
here should not be conaidered as an “out' or as a meang to awoid
yceeptance of responaibility by affected parties. Fatkber, use of the
metkods presented here can suceesafully guide the cleanup of contatminated
weste sitez in the most ratlonal and feasible wanner.

REFERENCES

adrian, G.W., 1981, Develooment nf a National Groundwater Strategy. In:
Frocesdings AWWf Seminar entitled, "Organic Chemiczl Contaminants in
Oroundwater: Transport and Remowal'. AWWA (American Water Works
4ssociation) Denver, €0,

Calrrog, J., dr., K.L. Dickson and AW, Maki, 1978, FEstimating the Hazard
of Chemical Substances to Aquatic Life, #ASTM STF 657. American
Society for Tesking and Materials, Philadelphia, PR

Callakan, C.A. 198U, Earthworms as Ecotcz-naolegical Azsessment Tools, U.3.
enyironmental Protaction Agency Heport No. EPA-600/D-BY-2T2.

Frust, 1,G., “9B82., 3isk Assessment Under the Peviscd ¥ational Contingency
Plan to Superfund. 1In: Risk Gssessment cof Hazardous Waste Sites,
Edited by F.A. Long ard .E. Schweitzer, ACS No. 204, dmarican
Chemical Sccizty, Washingbon,D.C.

GCilford, J.il. 1989, Envircprenta®! EFfeccs Agsessment of New Chemicals
under the Toxic Substances Control dct, Preaented at 1985 Summer
hational Meeting, American InstiTutz of Chzmical Engineers, Seattle,
Wh,

Houk, V.N., "982, Zetermining the Impact on Humar Hazalbk Avtributable to
Ffazardous Waste Sites. In: Risk Jssassment of Hazardous Waste Sites,
Edited by F.A. Long ard G.Z, Schweitzer, ACS No, 204, Amsrican
Chemical Bociety, Washington, D.C.

FL-FEE16, 198Y, Hazardous snd Salid Wastes Amendments of 1984,

Stephan, C.E., D.A. Mount, D.J. Haugen, J.H. Gentile, G.4. Chapman and
W.A. Brungs, 1983. Draft U.S. Environmental Pratection Agency
Document .

Thomas, .M., 1984, CTharacterization of Chemical Waste and its Extent
Usirg Bioassays. Report to U.E. Envirccmental Protection Agency.
Contract D.E.-ACDE-TEALD 1830, Pacific Northwest Laboratory, Sicnland,
WA

Tasmas, J.M. and J.F, Qline, 19895, Modificarion of the Neukaucr Tachnigue
to Assess Toxiciby of Hazardous Chemicals in Soils. Environmentas
Taxicology and Chemistry, 4:201:207.

B89



