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Abstract

This poster presentation will highlight the capability of the U.S. Environmental Protection
Agency, Office of Radiation and Indoor Air to process and analyze environmental and
emergency response samples in mobile radiological laboratories. Philosophy of use,
construction, analytical equipment, and procedures will be discussed in the poster
presentation. Accompanying the poster presentation, EPA will also have a static display of its
mobile laboratories at the meeting site.

The United States Environmental Protection Agency, Office of Radiation and Indoor Air
(ORIA) has responsibilities under the Atomic Energy Act (AEA), the National Contingency
Plan (NCP) and the Federal Radiological Emergency Response Plan (FRERP) for Agency
response related to radioactive materials and incidents. ORIA operates two laboratories the
Radiation and Indoor Environments National Laboratory (RIENL), in Las Vegas, Nevada and
the National Air and Radiation Environmental Laboratory (NAREL), in Montgomery,
Alabama. The two laboratories implement the bulk of the EPA field response capabilities for
radiation incidents. Each laboratory operates mobile laboratories and support vehicles to
rapidly analyze and make assessments about environmental samples, which might be
collected, in the field to support decision-making on a radiation incident response. The
purpose of this paper is to discuss this capability in detail.

EPA's Eastern Environmental Radiation Facility, a predecessor of NAREL, took the first
steps within EPA to establish a mobile laboratory capability. Developed primarily to support
the NASA Apollo program during the early 1970's, the mobile laboratory was essentially a
refitted eight-meter long recreational vehicle. It contained a single sample liquid scintillation
counter, several open window gas flow proportional counters and several sodium iodide
detector systems. This equipment was state of the art at that time. Sample preparation was
accomplished within the vehicle for the most part. This vehicle responded to the Three Mile
Island incident in 1979, but was not utilized due to political issues [1]. Following Three Mile
Island, the majority of EPA's radiation mobile laboratory capability was developed. The Las
Vegas Facility, a predecessor of RIENL, began development of a semi-trailer based mobile
laboratory, which was completed in 1982. NAREL eventually switched to van-based mobile
laboratories in the early 1980's. One of these vehicles was primarily a communications
vehicle; the other was fit with equipment from the recreation vehicle-based mobile laboratory.
ORIA's mobile laboratories evolved with time to include more current versions of liquid
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scintillation counters, thin and open window gas flow proportional detectors, and lithium
drifted germanium detectors.

As time proceeded, it became apparent that the missions of the mobile laboratories had shifted
from an early development emphasis on nuclear power plant accidents. ORIA was continually
being asked to assist onsite at EPA's Superfund sites where radiation was a problem. New
focus in emergency response in the late 1980's and early 1990's focused on nuclear weapons
movement primarily due to treaties mandating weapon destruction following the end of the
Cold War, to a refocus on weapons of mass destruction (WMD) incidents which continues
today.

One of the problems identified in these vehicles was the lack of good sample preparation
capabilities to prevent the possibility of contamination accidents from occurring in the
counting portion of the mobile laboratory. An additional problem occurred due to technology
and design: the fact that sample throughput or the amount of samples that could be processed
in a given period of time was slow. Improvement was needed.

Following a review in 1994, ORIA decided to redirect its mobile laboratories into the
configuration they remain in today. Part of the re-prioritization was to develop a secondary
vehicle for both laboratories in which only sample preparation would occur. Two sample
preparation laboratories, one for each laboratory, were built around the following philosophy:

• Increase bench space for sample processing.
• Allow "simple" counting geometries to be prepared.
• Allow storage of generic supplies needed to process samples.
• Provide a small hood area and oven area for the more simple drying and distillation

preparation procedures needed for some analyses.
• Provide storage capability for radioactive and hazardous materials used in

preparation.
• Provide capability to store a limited amount of samples, which might require

refrigeration.
• Have a large sink area to wash sample preparation equipment. Hold that waste

onboard.
• Be easily decontaminated in the event of a spill and lend themselves by design to

make contamination accidents preventable.
• Be easily moved in the event of an accident and be mostly self-contained.

Perhaps the most important part of the philosophy was to establish adequate counter space. In
these vehicles, it was decided that the best counter top material was stainless steel, which
could be covered by laboratory grade absorbent paper prior to use. Each lab has roughly five
m2 of counter space. It has been the experience in ORIA for all of the response types, that
decision makers often choose to collect a wide variety and great quantity of environmental
samples, ask for quick analysis with low quality assurance, and make decisions based around
those initial results. This philosophy gathers a lot of information quickly, and is pathway
specific. Samples could be prepared for a variety of gamma counting geometries; wipes,
smears, and air filters could be set up for gross alpha/beta analysis, and those few liquid
samples not requiring gamma analysis could be prepared for liquid scintillation analysis.
Electronic balances were added for mass determination. Commercial restaurant equipment,
being mostly stainless steel and other plastic materials were used in processing environmental
samples. Each vehicle contains hot and cold running water, and tanks to hold waste water.
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Regular laboratory procedures for sample preparation were employed with slight
modifications for the most part. The vehicle also had an onboard generator capable of running
an air conditioner/heater unit.

As an added support feature, each vehicle was fitted with a separate shower area and toilet
(water closet) area. While these features are certainly of use to field teams and help with site
health and safety concerns, in a redesign they would not be added since it made both vehicles
rather long and ungainly.

Mobile Laboratories were also redesigned with higher sample through put a priority. The
mobile laboratory at RIENL was redesigned within the original semi-trailer. Several of the
original design features, including a sample pass-through port, a HEPA-based positive
pressurization system, and the ability to be moved by a commercial tractor (lorry) were
desirable. A small sample preparation area was removed. Additional shields were installed to
add three new germanium detectors to the first one already on board. A drawer-type gas flow
proportional counter was added, with separate counting drawers for both 5 cm and 10 cm air
filters. A newer liquid scintillation counter replaced an older one, capable of quench and
chemiluminescence correction. Each of these systems were computer-based, software run
devices. All are laboratory grade and were modified by EPA staff to survive being moved over
the road. Heavy items like shields tie directly into the trailer frame.

Staff liked the differences in sizes of the mobile laboratories, from a large semi-trailer at
RIENL, to a smaller van-based laboratory at NAREL. Both had advantages for mobility and in
certain scenarios. It was decided to purchase two replacement vehicles for NAREL and refit
them. One of the laboratories is completed at this time, and includes two germanium detector
based gamma systems and one gas flow proportional counting system. The other vehicle,
when completed, will contain two additional germanium counters, and a small liquid
scintillation system. With the NAREL vehicles, center-of-gravity is an important
consideration, and heavy items like shields are placed low and secured directly to the vehicle
chassis.

Staff from both laboratories chose not to place alpha spectroscopy devices in their vehicles.
Staff felt that sample preparation of samples was too tedious to be accomplished in a mobile
lab setting, and these samples were better processed by a fixed lab.

In use, EPA prefers to have mobile laboratories set away from other activities, like hotlines
and other areas used by field teams. Prep labs are not set directly next to mobile laboratories.
The goal is to reduce the possibility of contamination in the vicinity of the mobile laboratory.
In practice, EPA often employs a rough or first-cut sample preparation laboratory in addition
to the main sample preparation laboratory, where field teams or other persons can log samples
into an analysis queue, perform simple preparations like removing samples from bags or
check for external contamination.

As a set up, EPA prefers the following sequence in order of distance from a hotline or
sampling operations:

Hotline—^Sample Storage—^Initial Sample Prep-»Detailed Sample Prep-»Mobile Laboratory

EPA has structured its mobile laboratories for maximum information from minimal analyses.
This is in conformance with recommendations by the IAEA [2]. Simple analyses are those
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which have high reproducibility and high accuracy. These are separated into three categories:
simple alpha/beta analysis, gamma spectroscopy, and liquid scintillation analysis. Simple
gross alpha/beta analysis is accomplished on a laboratory grade gas flow proportional counter,
which has been modified to survive in an on-the-road environment. Usual laboratory
procedures are used to establish counting efficiencies, and to choose a voltage for both
simultaneous alpha and beta counting. Only two types of samples are counted for alpha and
beta activity: smears/swipes/air samples and water samples. In the case of smears, swipes or
air samples, the media is loaded directly into the appropriate counting planchet, be it 5 or 10
cm. Water samples can be dried according to many standard reference procedures [3]. This
drying is accomplished in a sample preparation laboratory.

Gamma Spectroscopy Analysis accounts for the bulk of analytical capability. Known
geometries are used; some being rather unusual. The use of marinelli beakers for liquid
samples could be problematic in a large field operation simply because they may become
unavailable. EPA has calibrated for such geometries as 4-liter cubitainers and one gallon
commercial milk jugs (the latter being commonly available in the U.S.). Large bulk
geometries are also considered, especially for vegetation. Many smaller geometries are used
for high activity samples that may have to be split or fractionally diluted. The shields around
the intrinsic germanium detectors are built in such a way that a series of shelves can be used to
minimize dead time problems on samples. The choice of shielding material is important also
and must be able to be rigidly attached to the mobile laboratory frame. Lids on shields must be
able to be locked during transit. EPA has made special provisions in its mobile labs to ensure
that shields do not become projectiles in the event of a rapid stop, rough road, or minor
collision.

In the area of liquid scintillation analysis, commercial grade counters were modified and
mounted only in the Las Vegas mobile laboratory, owing to its large size. Water, soil, and
vegetation samples can be processed for analysis by azeotropic distillation and simple
distillation, or only by simple distillation, whichever is appropriate. This analysis takes a little
longer in sample preparation, and would only be used for confirmation of contamination prior
to sample shipment to a fixed location laboratory.

By coupling multiple analyses on samples, isotopes of interest can be identified. In the case of
single radionuclides, a combination of gamma spectroscopy yielding near background results
coupled with high alpha or beta, could identify isotopes like Pu-239, Po-210 or in the beta
example, a non-gamma emitting radionuclide like Sr-90.

All of EPA's laboratory analytical equipment is protected by uninterruptible power supplies
capable of holding power for about thirty minutes in the event of a power failure. Systems are
configured to have high sample activity count termination (when appropriate counting
statistics are achieved) or low count rate rejection (for those samples below a threshold).
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