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WHAT’S THE PROBLEM?

During evaluation of environmental
data quality by application of the PARCC
parameters—precision, accuracy, represen-
tativeness, completeness, and comparabil-
ity~the criterion of “representativeness”

" is often overlooked or misunderstood, Ac-

cording to the U.S. Environmental Pro-
tection Agency (EPA), representativeness
is “the degree to which sample data accu-
rately and precisely represent a character-
istic of a population, parameter variations
ata sampling point, or an environmental
condition.” Representativeness is a quali-
tative parameter that depends on proper
design of the sampling program.2?® The
planners of remediation investigations/
feasibility studies (RI/FS) have historically
understood representativeness as narrowly
relating only to parameter variation at a
sampling point, thus placing more em-
phasis on accuracy, precision and com-
pleteness of chernical data.

The data may be accurate, precise and
complete, but if they are not representa-
tive of site conditions, they become use-
less or even financially damaging. Princi-
pal reasons for underestimating or over-
estimating the extent of contamination
usually originate from improper sampling
and analysis design, including;

* Nonrepresentative samples analyzed
for the correct contaminants

* Representative samples analyzed for
the incorrect contaminants

* Nonrepresentative samples analyzed
for the incorrect contaminants

All three of these situations present a

distorted view of the site under investiga- -

tion and are equally useless for planning
remediation activities, :

In spite of the fact that through the
years the environmental industry has ac:
cumulated significant experience in RI/
ES, one review report shows that in the
past, environmental consultants had a
poor understanding of, or ignored, the
data quality objective (DQO) process.**
In their work plans, RI/FS firms adhered
to strict analytical protocols and data vali-
dation to achieve the goals for the data
quality indicators, rather than focus on
the overall project objectives and the
means to fulfill them, such as understand-
ing the intended use of the data; using

screening techniques; developing repre- -

sentative sampling designs; or by statisti-
cally evaluating the collected data.
During contract negotiations, these
firms were forced to reduce the number
of samples and sampling locations, while
substituting the required analyses with less
expensive and thoroughly irrelevant tests.
In one instance that occurred in 1996,
previous SI studies indicated that a par-
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ticular site was contaminated with selected
semivolatile organic contaminants
(SVOQGs), as determined by using EPA
Method SW 8270, gas chromatography/
mass spectrometry (GC/MS). During
Phase II of the same investigation, bud-
get cuts reduced the number of samples
from a projected 200 to 39, and planners
substituted SW 8015 Modified, the non-
selective Diesel Range Organics, as the
method of choice. '

During budget negotiations, quality
assurance/quality control (QA/QC) was
the preferred target of “reduction in
scope” cutbacks by the project managers
and contracting personnel of the negoti-
ating parties. It is obvious that many of
the sampling and analytical plans were
prepared by engineers and geologists with-
out a chemist’s input or participation.
Chemists who validated the data did not
take part in project planning or execution,
and did not assist in the interpretation of
the data for project decisions. In addition,
during the review of the project work
plans, regulatory agencies often compro-
mised in order to get a modicum of work
done, However, reductions in the com-
prehensiveness of the field investigation,
due to budget cuts, schedule-driven ap-
proval of incomplete plans, and superfi-
cial, protocol-oriented reviews by techni-
cally unqualified agency personnel, all
often come back to haunt the stakehold-
ers at remediation time,

The following case studies clearly il-
lustrate the need for more effective site
characterization sampling, as well as for
an analytical approach that will generate
representative and usable chemical data,

CASE STUDY I: PESTICIDE SHOP AT A
FORMER U.S. MILITARY INSTALIATION

Investigation. A small building had
been used to store, mix and dispense pes-
ticides for mosquito control. During site
investigation, the RI contractor collected
four judgment surface samples for Con-
tract Laboratory Program (CLP) orga-
nochlorine pesticides and polychlorinated
biphenyl (PCB) analysis. The pesticides
detected in the soil were DDT and DDE
at concentrations ranging from 0,07 mg/
kg to 2.6 mg/kg. Aroclor 1260 was de-
tected in one of the samples at a concen-
tration of 1.7 mg/kg. Based on these data,
the RI contractor recommended removal
of approximately 75 cubic yards of con-
taminated surface soil. Site-specific
cleanup levels were as follows: DDT and
DDE at a concentration of 1 mg/kg, and
PCBs at concentrations of 1 mg/kg for
the upper 4 feet of the subsurface and 25
mg/kg for the soil at 4 feet below ground
surface (bgs).

Remediation. In order to better define
excavation boundaries, the remediation
contractor conducted a thorough surface
delineation at the site prior to excavation,
A mobile laboratory operated by this con-
tractor developed and validated a screen-
ing analytical method for DDT and its
metabolites, This screening method,
which was based on EPA Method SW
8080 with relaxed QC acceptability crite-
ria, produced quantitative data of known
quality. The PCB screening was con-
ducted using immunoassay kits, with de-
tection limits of 1 mg/kg and 25 mg/kg,

~ Due to the low mobility of the con-
taminants of concern in the subsurface .
and based on the history of site use, the
remediation contractor selected the judg-
ment sampling strategy. Sample locations
were initially placed in the areas where
the RI contractor detected elevated con-
centrations of contaminants. Further de-
lineation proceeded laterally to the depth -
of 4 feet. A total of 60 samples were col-
lected and screened for DDT and DDE.
Table 1 summarizes the results of the
DDT screening.

. The remediation contractor also
screened for PCBs, collecting a total of
11 surface samples taken from the area of
previous PCB detection by the RI con-
tractor. Five of 11 surface samples showed
PCB concentrations above 1 mg/kg, and
the concentrations of PCBs in. three of
these samples exceeded 25 mg/kg. Four
samples collected at the depth of 4 feet
bgs did not contain PCB contamination
above the concentration of 1 mg/kg.

Excavation of contaminated soil was
guided by the results of screening analy-
ses, with contaminated soil selectively -
removed from the “hot spot” areas until
the cleanup levels had been reached, Con-
firmation analysis of 136 samples was
conducted by an off-site laboratory that
used the CLP analytical protocol. Based
on results of field screening, a total of 668 cu-
bicyards of DDT and PCB contaminated soil
were removed from the site, compared to 75
cubicyards originally estimated by the RI con-
tractor. o

There were 10 sites at this military in-

‘stallation identified by the RI contractor

as having limited surface contamination

" with organochlorine pesticides and PCBs.

The RI contractor projected that a total
of 735 cubic yards of contaminated soil
would be removed from all sites and in-
cinerated. Based on accurate contaminant
delineation, the remediation contractor
removed a total of 2,300 cubic yards of
contaminated soil. The client reviewed the
project budget and ruled out incineration
as a disposal option due to prohibitively
high costs. Instead, after conducting a
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treatability study, the remediation con-
tractor carried out a more cost-effective
on-site stabilization treatment, followed
by disposal at a local landfill.

Cast STUDY XI: A FORMER LANDFILL
Investigation, Drums with hazardous

waste were buried in a landfill, but no
records were kept to document the na-
ture of the hazardous waste or the num-
ber of drums. In 1985, during a Stage 1
site investigation, the RI contractor did
not find any significant levels of contami-
nants at the site, and recommended ad-
ditional investigation, In 1988, during a
Stage 2 site investigation, another RI con-
tractor conducted ; magnetic, electromag-
netic and electrical resistivity surveys, a
soil gas survey and placed 5 soil borings
and one monitoring well at the site, Three
soil boring samples contained total pe-
troleum hydrocarbons (TPH) concentra-
tions of up to 6700 mg/kg and various
concentrations of benzene, toluene,
ethylbenzene and xylenes (BTEX). Shal-
low buried drums were also uncovered.

In 1993, a third RI contractor con-
ducted a Stage 3 site investigation, which
included the placement of 5 borings to
50 feet bgs, 1 boring to 100 feet bgs, with
a total of 12 soil samples collected at vari-
ous depths. Eight surface soil samples
were also collected. All samples were ana-
lyzed for volatile organic compounds
(VOCs), pesticides, herbicides, poly-
nuclear aromatic hydrocarbons (PAHs)
and metals, and the data were validated.

The only contaminants found in sur-
face soil samples were PCBs, with the
highest concentration level measuring 54
mg/kg. The RI contractor unearthed five
drums with hazardous waste that con-
tained trichloroethane (TCA) and PCBs,
Results of soil boring samples analyses did
not show elevated target analyte concen-
trations and were consistent with the back-
ground concentrations at the site.

Based on the Stage 1, 2 and 3 SI re-
ports, the RI contractor came to the fol-
lowing conclusions:

+ The number of drums remaining in the
subsurface was estimated at between
10 and 20. Later, after a second drum
burial area was identified, this num-
ber increased to between 40 and 50,

+ Thesize of the drum burial pit was pre-
dicted to be 40 feet wide, 40 feet long
and 10 feet deep.

+ The drums contained products with
PCBs, and were the source of surface
soil contamination.

+ Thevolume of PCB-contaminated soil
to be excavated was estimated at 300
cubic yards.

Remediation. A non-time-critical re-
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.DDT Concentraition

Number of samples collecledrat dlfferent depths

at dnﬁerent‘depths ma/kg

Table 1. Summary of DDT screening.

moval action was planned for the site,
Site-specific cleanup criteria were set up
for PCBs and TCA, and the EPA Region
IX Preliminary Remediation Goals (PRGs)
for industrial soil provided the framework
of cleanup goals for an extensive list of
target analytes.

In 1995, two years after the last SI at

*this site, a remediation contractor con-

ducted a trenching drum removal action,
during which 177 drums were removed,
Drum contents were composited and ana-
lyzed for disposal profiling. The highest
PCB concentration found in the drum
samples was 0.91 mg/kg. The only other
target analytes detected at elevated con-
centrations were the BTEX compounds.
Thirty cubic yards of excavated soil were
not contaminated with PCBs,

In 1996, still another remediation con-
tractor continued drum removal activities
at the site. A4 total of 469 decomposed, leak-
ing dritms were removed from a pit that mea-
sured 100 feet in length, 55 feet in width and
up to 14 feet in depth. The contents of the
drums were composited and characterized
for disposal profiling. The major compo-
nents of the drum contents were diesel
fuel and waste oil. One out of eight com-
posite samples showed a concentration of

¢ PCB at 2.3 mg/kg, and TCA was detected

in five samples at concentrations ranging
from 1 mg/kg to 1300 mg/kg. In addi-
tion, the soil in some areas of the burial
pit was grossly contaminated with diesel
fuel and waste oil,

The last remediation contractor exten-
sively characterized surface soil next to the
drum pit by collecting 127 surface samples
on a 20-foot-square grid and screening
these for PCBs using immunoassay kits,
As delineated by the SI data, the characterized
area should have covered 13,200 square feet
east of the excavation pit. The actual extent of
surface area contamination to the north, east
and south of the pit, as determined by field
screening, was 51,000 square feet. The verti-
cal extentof PCB contamination was lim-
ited to the upper two feet of the subsur-
face. Contaminated soil was selectively
removed, and a total of 520 cubic yards
of PCB-contaminated soil was disposed
of at a Toxic Substances Control Act
(TSCA)-permitted facility.

Wiy DIp THESE SITUATIONS OCCUR?
In our opinion, these events took place

.because the RI contractor mcorrectly fo-

cused on the accuracy and precision of
the data, rather than data representative-
ness. For example, comparison of on-site
screening results for the pesticide shop in
Case Study I with the actual RI results
showed a dramatic discrepancy in DDT
concentrations. The RI contractor dis-
puted the findings of the remediation _
contractor using the following arguments:-~
* The RI data were acquired according
to the CLP protocols, followed by data
validation, thus, they must be correct.
* The on-site laboratory screening results
were too high, Since they were not ob-
tained by the CLP protocol, it was
claimed that they were hkely to be in-
correct.

To resolve the argument, homogemzed
split samples were analyzed by the on-
site Jaboratory and by an off-site labora-
tory. The results obtained were compa-
rable, and the concentrations of DDT
were in the range of 300 mg/kg. The data
sets obtained by the RI contractor and
the remediation contractor were precise,
accurate and legally defensible. However,
due to inadequate sampling design, the
data collected by the RI contractor were
not representative of the site conditions.
In our experience with DDT handling
facilities, one can expect sporadic distri-
bution of DDT at shallow depths in the
subsurface. Surface soil contamination is
affected by wind, rain and human activi-
ties, and often does not reflect the true
site conditions. This project would have
benefited if more samples had been col-
lected and screened during the RI phase.

Placing emphasis on expensive analytical pro- X

tocols and data validation rather than focus-
ing on the sampling design and the project
DQOs lead to misleading conclusions about
the site conditions and in the selection of
remediation options.

It was apparent that the sampling plans
for the landfill project in Case Study II
were prepared by the geologists, because
the RI/ES report was more detailed inits -
geology than its chemistry, and the focus
of the investigations was on vertical rather
than lateral site delineation. The three RI
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contractors, who were probably con-
strained by the'project budgets, collected
a very limited number of samples from
the site. No field screening for soil was
conducted; rather, the emphasis was on
placement ofexpenswe deep soil borings
and data validation.

Discovery of shallowly buried drums
during the Stage 2 investigation should
have alerted the RI contractor to the fact
that surface contamination from drum
spillage and handling was a distinct pos-
sibility, and that more surface character-

ization would be beneficial. The presence
of BTEX and TPH in the subsurface was
an indicator that the drums most likely
contained petroleum products. Neverthe-
less, the TPH analyses were not conducted
during Stage 3 site investigation. Instead,
the RI contractor used a more expensive
PAHs analysis to delineate the site, with-
out considering the fact that only trace
levels of selected PAHs are present in re-
fined petroleum products, such as diesel
fuel and waste oil.

The three site investigations did not

including extraction
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more information.

Three Infracal TOG/TPH models are available
depending on required sensitivity and
extracting solvent being used.

Infracal Analyzers are portable, easy to use, and feature:
e TOG/TPH determinations in under 5 minutes,

e Sensitivty as low as 1-2 ppm or as high as 4000 ppm
e Direct reading, reproducible measurements
» Analysis with Hexane, Freon, or Pexchlorethylene

* 12 volt operation for field or laboratory dpplications
Call us at 203-855-9136 or fax 203-838-9868 for

WILKS ENTERPRISE, INC.

140 Water Street, South Norwalk, CT 06854 + Tel 203 855 9136 + Fax 203 838 9868
Email wilksent@ix,netcom.com

28 Circle Reader Service # 16

provide nearly enough information for
estimating the magnitude of the cleanup
effort. Inadequate numbers of samples
and improper sampling design and analy-
ses provided an unrepresentative picture

. of the true site conditions. That is why

the number of buried drums and the ex-
tent of surface soil contamination with
PCBs came as a major surprise during re-
moval actions. The inability of the mag-
netic, electromagnetic and electrical re-
sistivity surveys to distinguish between 10
and 500-600 steel drums buried at shal-
low depths makes one wonder whether
these techniques were properly applied,
or if results were misinterpreted.

SUMMARY AND SOLUTIONS
Remediation plans and projected costs

of the remediation contractor are only as

good as the conclusions of the latest RI/

ES report at hand. Inadequate RI/FS work

of the past resulted in lost time and

money, and has caused loss of confidence
in the accuracy of future RI/FS projects.

The preoccupation of RI/ES contractors

with data validation and a fear of screen-

ing and sample compositing to obtain
more representative data are apparent.

The prevalent problems, as we see them,

are as follows;

* In the past, RI/FS work has been
driven by the protocol, and not by the
DQO process.

* Many RI/FS firms use chemists only
for the preparation of the contract spe-
cific quality assurance project plans
and data validation. Professional judg-
ment of chemists has been neither val-
ued nor solicited for data interpreta-
tion and preparation of sampling
plans.

+ Budgetary considerations often put
constraints on the numbers of samples
collected and types of analyses per-
formed, and therefore, adversely affect
the sampling design and sampling rep-
resentativeness.

*+ The use of “low bidder” laboratories,
procured without the project chemist’s -
recommendation, has been a damag-
ing practice and, in the past, it has pro-
duced a mountain of questionable
data. The problem has been com-
pounded by the management of sub- .
contractor laboratories by non-chem-
ist project personnel who are not
knowledgeable in the areas of lab pro-
cedures and QA/QC protocols.

As an industry, we need to develop a
better understanding of the DQO pro-
cess and the intended use of the data,
Perhaps then we can convince the regula-
tory community that if the tenets of the

(continued on pg. 38)
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(continued from page 28)

old “CLP approach” are dr0pped site in-
vestigations can be conducted in a more

~ meaningful, productive and cost-effective

manner, New tools for RI/ES are ayail-
able today, such as numerous EPA-ap-
proved field screening methods for a wide

range of contaminants, new and innova-

tive techniques such as immunoassays,
X-ray fluorescence and other improved
field instruments, and performance-based
analytical methods, Participation by ex-
perienced chemists in the development
of the DQOs, in the preparation of the

- sampling and analysis plans, lab selection

and oversight, and in the interpretation
of data for the final report are all para-
mount ingredients for a successful RI/FS
project. B X

Emma P, Popek, Ph.D,, is field analytical ser-
vices manager for OHM Remediation Services
Corp: She is a Certified Quality Auditor (CQA)
and a Certified Hazardous Materials Manager.
Popek received her M.S. in chemistry from the
University of St, Pelersburg in Russia, and a
Ph.D. equivalent from the USSR Academy of
Sciences,

Garabet H. Kassakhian, Ph,D., was most
recently quality assurance directorof Tetra Tech,
Inc., Pasadena, CA. He has more than 25 years
ofexperiencein federal environmental programs,
environmental engineering, and the chemical,
petrochemical and uranium mining industries.
Kassakhian received his M.A. and Ph.D. in ana-
Iytical chemistry from Harvard University.
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