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Data validation, as described in Environmental Protection Agency (EPA)
protocols under the Contract Laboratory Program (CLP), yields false confidence
in the data and drives up costs while providing little benefit (Korte and Brown
1992). Commonly, these data are then used to perform a risk assessment. Much
of the published guidance for risk assessments in arid soils is inadequate because
it does not take into account vapor migration due to density-driven flow (Korte
and others 1992). Investigations into both of these problems have been
performed by personnel of Oak Ridge National Laboratory (ORNL) and are
described in this presentation.

DATA VALIDATION
Present guidance under the Comprehensive Environmental Response,

Compensation, and Liability Act is that analytical results for samples collected
from sites on the National Priorities List (NPL) must be subjected to a
comprehensive data validation. Unfortunately, the performance of a
comprehensive data validation is becoming the standard by which all quality
assurance/quality control (QA/QC) programs are judged. In the minds of many,
there is a belief that if the data are not validated according to the EPA manuals,
the data are not useful scientifically. This belief extends the application of data
validation beyond that for which it was designed.

EPA Data Validation Guideline*
A review of EPA guidelines demonstrates that data validation involves

checking whether specifications for sample handling, instrument tuning and
calibration, etc., were satisfied. Specifications for the analytical program are
provided in the CLP Statements of Work that have been published by EPA.
Thus, if CLP methods are used in the project, it is easy to establish a laboratory
contract that explicitly describes the analytical specifications. Once such a contract
is in place, data validation provides little more than protection against fraud.
Notwithstanding the fact that it has occurred (Zurer 1991), fraud is the
exceptional case and does not ordinarily have to be checked. In addition,
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performing data validation on one or two samples would generally be sufficient to
determine the adequacy of the documentation without reviewing every sample.

There are instances, however, when a determination of the technical validity
of reported data is needed. For example, EPA data validation manuals provide
guidance for disregarding certain concentrations of commonly reported laboratory
artifacts, such as acetone and methylene chloride. Laboratory artifacts such as
these are often reported in greater concentrations than can be disregarded based
on EPA guidelines. In such instances, particularly when faced with review by
inexperienced regulatory personnel or the public, such data can cause great
difficulty. Indeed, some type of technical data validation would be useful anytime
an anomalous result is reported.

EPA recognizes the limitations of data validation and the fact that it is
overused. The following quote is taken from a soil sampling QA/QC guide (EPA
1989a), "Examination of the results of a components of variance analysis
performed on soils data from an NPL site sampled for PCBs indicates that 92% of
the total variation came from the location of the sample, while only 8% was
introduced when the sample was taken. Less than 1% of the total could be
attributed to the analytical process itself; yet, this latter area is where a majority of
the QA resources are normally focused." The EPA study suggests therefore, that
data validation is wasteful in many instances.

Cost of Data Validation
The cost of data validation is dependent on the number of parameters

analyzed for each sample, the level of data validation, the quality of the data
package from the laboratory, and the required deliverables for the client. Seven
subcontractors estimated that the cost of data validation is generally 10% to 18%
of the analytical cost (not including QA/QC analytical cost). Additional
requirements imposed in some regions have increased the cost to at least 25%
with some laboratories (R. Tarravechia, T. A. Gleason Associates, personal
communication to N. Korte, July 1991).

Referee Laboratory Approach
Therefore, the question remains, Is there a scientifically meaningful method

for determining when data are valid for technical interpretation? The authors
believe that using a referee laboratory is such a meaningful approach. The
approach employed by the authors is to submit duplicates or replicates of 10% of
the samples collected to a second laboratory. The existence of the referee
laboratory is made known to the primary laboratory. This fact provides significant
assurance against fraud. A laboratory is unlikely to risk altering the specifications
when another laboratory is analyzing the same sample with the same procedure.
The overall premise is that if two laboratories can agree on the results for 10% of
the samples collected, then all of the results from the program are suitable for
technical interpretation.



For more than five years, 10% of all groundwater monitoring samples from a
large industrial facility with more than 200 groundwater sampling locations have
been sent to a referee laboratory.

The program steps are as follows:

1. Data from the previous quarter are reviewed.
2. Wells to be sampled the next quarter are selected.
3. The sampling team is instructed to obtain replicate samples from wells for

which anomalous data had been reported from the previous quarter. The
replicates are sent to the referee laboratory.

4. If the number of samples specified in step 3 is less than 10% of the total being
collected, the sampling team is instructed to select the remainder, up to 10%.

The track record of this program over the five-yeai period has been impressive.
The same referee laboratory has been used since the program began, but the
primary laboratory has changed five times. Use of the referee laboratory has
been instrumental in providing continuity from one laboratory's results to another
and for resolving problems that inevitably arise when so much data are collected.

This general technique can also be used for soil samples. Because soil samples
cannot be true duplicates, more judgement must be exercised regarding the
comparison of the results between the laboratories. On the other hand, the
referee laboratory approach still provides both protection against fraud and a
means of screening laboratory artifacts and yields information regarding the spatial
heterogeneity of the contamination.

SUMMARY
Referee analysis, when implemented on a routine basis as described in this

paper, is an effective method of obtaining data validation in a technical sense.
When two laboratories agree on an analytical result, there is substantial reason to
believe that the result is correct. Of greater value to a large monitoring program
is the fact that a routine program of referee analysis provides a built-in
mechanism for checking anomalies. A new trend in the data or an erroneous
value can be evaluated promptly without instituting a new or extra program. The
result is a self-correcting system that rapidly verifies or negates anomalous data.
This approach increases the cost of the basic analytical program by approximately
10% but is less expensive and more technically valuable than conventional data
validation.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions <i( authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



RISK ASSESSMENTS AT ARID SITES
Commonly used risk assessment guidance may not be adequate when applied

to solvent-contaminated soils in arid environments. The calculations
recommended for determining how such soils will affect groundwater assume that
leaching controls redistribution of the contaminants. If vapor-phase migration is
considered, convection and diffusion are generally assumed to be the dominant
processes (Roy and Griffin 1990). Another view, however, is that, under certain
conditions, gravity-induced vapor migration is the most important mechanism
when determining how certain volatile organic compounds (VOCs) redistribute
themselves from soil to groundwater (Falta and others 1989).

This paper presents an examination of these issues that was performed in the
course of preparing a risk assessment for an industrial site in southern California.
The results of site-specific calculations demonstrate that leaching is not a
significant process and that gravity-induced vapor migration may be the dominant
mechanism at the study site.

Risk assessment policy for Superfund is presented in the Superfund Public
Health Evaluation Manual (EPA 1986) and in Risk Assessment Guidance for
Superfund (EPA 1989b). Both manuals reference the Superfund Exposure
Assessment Manual (EPA 1988) for determining how to model the migration of
contaminants. This latter manual states that the most significant contaminant
movement in soils is a function of liquid movement. "Dry, soluble contaminants
dissolved in precipitation, run-on, or human-applied water will migrate through
percolation in the soil" (p. 40). The only scenario addressed in reviewing the
effects of soil on groundwater is the percolation of rainwater flowing through the
vadose zone. No other mechanisms are mentioned.

In addition, EPA's Exposure Assessment Group (EPA 1987) prepared a
preliminary draft guidance document for determining clean-up levels in soils. A
lengthy section on soils contamination dealt only with the determination of
quantity of leachate. No other mechanisms are mentioned.

This approach with regard to soil contamination is shared by California. Tlie
California Site Mitigation Decision Tree Manual (California Department of Health
Services 1986) is used to determine an appropriate course of action for
contaminated sites. This manual notes that the movement of fluids through the
unsaturated zone is due to gravity and/or pressure gradients resulting from
capillary forces. A two-page table is provided that lists the information needed to
determine how fast contaminants can move through the vadose zone. In each
case the table notes that the purpose of the monitoring is to "estimate percolation"
or to "infer the movement of liquid-borne pollutants". None of the monitoring
tasks address movement of vapor. Likewise, a risk assessment monograph for
trichloroethene (TCE) in California concluded that "TCE in the soil can be lost
through volatilization to the atmosphere, downward leaching, or sorption to
organic material" (Bogan and others 1988).



In summary, none of these guidance documents addresses vapor-phase
redistribution of contaminants. Only migration in the liquid phase is addressed.

STUDY AREA
An industrial site near Los Angeles International Airport has been

contaminated by decades of solvent and fuel usage. The vadose zone is
dominantly sand. Soil and soil vapor sampling have demonstrated that much of
the soil above the water table is contaminated. Planned remedial action using
vapor extraction will remove contamination above 65 ft. The groundwater, which
is encountered at approximately 100 ft, is contaminated with more than 100 mg/L
of chlorinated solvents. The problem for this particular site was to determine the
health and environmental risk for soil contamination located from a depth of 65 ft
down to the water table.

ESTIMATING CONTAMINANT MIGRATION IN THE VADOSE ZONE

Liquid-Phase Transport
The principal contaminants at the study site, determined as described by EPA

(EPA 1988), are TCE and 1,1-dichloroethene (1,1-DCE). A review of risk
assessment guidance for determining groundwater contamination from soils, as
presented above, suggests that liquid-phase migration is the dominant mechanism.
Based on this assumption, data from the site demonstrate that there would be no
further movement of the contaminants. This conclusion is based on the fact that
the volumetric moisture content of the soil is approximately 0.02 to 0.04 cm3/cm3.
This moisture content is well below the residual saturation value for a sandy soil,
indicating that liquid-phase leaching will not occur.

Similarly, evidence from the soil moisture profile also demonstrates that
leaching is not occurring. A plot of moisture content versus depth showed that
moisture content is highest in the fine-grained zones of the aquifer. The curve
also showed that there was no perched water or increase in moisture above the
clay zone. If water were leaching downward, some should accumulate above the
clay. The moisture content of the clay is higher because of the greater capillary
pressure exerted by the small pores.

Thus, based on the risk assessment guidance and the low moisture content of
site subsoils, it could be concluded that the soil contamination would not affect the
groundwater. Reviewing mechanisms of vapor-phase transport, however, results in
a different conclusion.

Density-Driven Flow
Recent papers by Falta and others (1989) and Mendoza and Frind (1990) have

challenged the fundamental assumptions that either leaching or diffusion dominate
vapor migration in the unsaturated zone. These papers suggest that in the



absence of leaching, dense organic compounds migrate downward under the force
of gravity at a rate that is significantly greater than transport by diffusion.

For example, they reported that for a sandy soil with an intrinsic permeability
of 10'7 cm3, the flux of TCE is 3 x 10'2 g/cnr/day -- a result triple that for simple
diffusion. At the Los Angeles study site, the intrinsic permeability, as measured
with an air pumping test, is 105 cm2 -- a significantly higher result than that
employed by Falta and others (1989). These results are consistent with the high
concentrations of contaminants (>100 ppm in some locations) found in the
groundwater. The results prove that an assumption of density-driven transport as
the primary mechanism responsible for redistribution of contaminants from the
soils to the underlying groundwater is the most conservative approach for
estimating the risk of soils contamination remaining at this site.

SUMMARY
Risk assessment guidance documents do not adequately treat solvent-

contaminated soils when estimating their effect on groundwater. In particular,
arid sites with sandy soils contaminated by residual volumes of chlorinated solvents
are best examined by assuming that density-driven vapor transport is the primary
process affecting contamination of the groundwater. This mechanism is neglected
in commonly used risk assessment guidance. Moreover, much of the technical
literature indicates that diffusion is the primary mechanism affecting vapor
transport; however, density-driven transport may be orders-of-magnitude more
significant, and, therefore, more appropriate for use when performing a risk
assessment.
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