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Why Enhance Capacity?

* At asenate hearing on Nov 15, 2007
entitled “Not a Matter of ‘If’, but of
‘When': The Status of U.S. Response
Following an RDD Attack”, Senator
Coleman said “It can happen, and we
must be prepared to deal with it’




Vm?nhance Capacity?

* National Planning Scenario #11
e “Dirty Bomb” in major urban area
e Three simultaneous explosions

* 100,000 - 300,000 people exposed
» 20,000 — 60,000 people with detectable
contamination

« For 100,000 clinical samples it was
estimated that the analysis would take 4
years to complete

* 350,000 - 1,000,000 environmental
samples in the first year

« For 350,000 environmental samples
(depending on the radioisotope) the
analysis would take 4 to 6 years to complete
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nhanced Capacity

* CDC has developed internal capacity to analyze 500
samples/day for any of the priority radionuclides for which
they have developed methods.

e Would still take about 7 months to do the 100,000
samples in the scenario

e In some limited circumstances, there are very high
throughput methods that would take only 1 month

* FDA has set up several laboratories with cooperative
agreements for food analysis

* EPA has set up cooperative agreements with 4 laboratories
for environmental analysis

e Current estimates are that it would take about 2 years for the
analysis of the 350,000 samples



% lological Capacity En%ancement

Grant

* In October of 2007, Connecticut applied for funding under
the EPA Radiological Capacity Enhancement Grant

e The grant was to serve as a demonstration project to address
capacity shortfalls

* Connecticut, Washington and Texas were selected as
original recipients of the grant.

e Kansas was added later
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Connecticut’s Experience

* Connecticut has a mature radioanalytical program

e Safe Drinking Water Act Primacy Laboratory for
Connecticut and Massachusetts

* Ingestion Pathway Response Laboratory

e Routine Nuclear Power Plant Monitoring
e RADNET

* This served as the baseline that lead to the successful
competition for the EPA grant

® The grant allowed us to implement rapid methods.



Future

* The Connecticut De;

Laboratory (CT DPH

onnecticut’s

] NE Em[l il gE_

:)artment of Pubhc Health =
L) is constructing a new,

state-of-the-art Pub!

ic Health Laboratory

e Scheduled to open in 2012

* One of the key drivers in the design process
was the incorporation of the all hazards

concept

e Radioanalytical response was an integral
part of this concept, even prior to receiving the

grant



! I%ew Lab Design‘%rlvers

* Ability to accept “hotter” samples safely
e How hot is hot??

* Able to “dilute” hotter samples so that they could be
brought into counting room used for routine samples

e Have to have ability to screen samples
* What about soils and other types of solids?



New Lab Design Drivers

* Decided that a simple All Hazards Lab was the way to
go
* Other issues

« Can we minimize transport distances from All Hazards Lab to
Routine Analytical Lab?

- If we get a large number of samples, how do we store them safely?



P ————

esign Considerations

* To prevent samplers from contaminating the lab,
sample receipt area was set up outside in a “porch”

e Heated semi-enclosed area (like a bus shelter)

e Stainless steel tables for DOT type screening

* After screening, samplers would pass cooler into the
lab through a pass-through into a hood.

* Cooler would be opened inside a hood, and
screened for alpha and beta

e Worker safety primary reason
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Sample Screening

. Ideall?l, the sample receipt area for event
samples should be separate from that used for
“normal” operations

* In addition to DOT type of screening,
procedures should be implemented to verify
high / low levels of activity

e Some combination of gas proportional counters,

sodium iodide detectors and liquid scintillation
counters can be used

« There are limitations for each of those screening
procedures
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Alpha / Beta Screening

* ASTM D7283 is one source of guidance for a rapid
screening method

e Currently undergoing revision by the committee

* Designed for water samples, but the principles can be
applied to samples with leachable activity

e ASTM does not recommend using for other types of
samples because potential biases not well characterized

* Quantitation limits are about 50 pCi/L for alpha
emitters and 100 pCi/L for beta emitters

e Concentrating the sample can lower the quantitation
limits
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Alpha / Beta Screening

* Uses Liquid Scintillation counting

¢ It is important to have the discriminator set up properly to
avoid misclassification of alpha or beta pulses

e Need to know beta pulses misclassified as alpha, and
vice versa

* Revision of method will require development of a quench
curve rather than using TDS as the quench indicating
parameter

* The initial setup of the method is complex, but after it is
done, sample analysis is straightforward.



Sample Processing

* Once level has been determined, need to have a
plan for preventing cross contamination of samples

during processing

e Three options
» Separate facilities
« Separate areas in one facility

« Use the low level facility for everything

- However, still should have a separate area to aliquant the
sample so that the level of activity is reduced.



Sample Processing

* Physical Considerations

e Use smallest sample size (based on screening
results) that meet DQO’s

e Many radiochemistry labs only handle water
samples, and an event will bring in other types of
matrices (soils, concrete, asphalt)

« Will need particle size reduction, which can release dust

e Use disposable labware wherever possible

e Protect your detectors
« Have detectors for high and low activity samples

e Have a plan for waste (and sample) storage



Personnel Considerations

* Just as important (if not more so) than the
physical considerations

* Consider adding real time dosimeters to exposure
monitoring protocols

* Consider frisking stations and step off pads
* Increase the frequency of glove changing

* Review PPE and personal hygiene procedures
prior to receiving samples



*Design Considerations =
Contamination Control
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What About Existing Labs?

* Similar considerations apply
* Need to critically examine existing procedures
* May have to interrupt some non-radiological testing

* Think about the non-obvious!!
e Floor drains, tile floors, and more.....



Rad Safety Plan

* Also called a radiation protection plan

* Is a requirement for a NRC License
* Points to consider

e Sample screening

e Sample segregation
e Access control

e Sample storage



Some Isotopes of Concern

* Am-241- Measurement
instruments

* (Cs-137 - Medical imaging
and food irradiation

* Pu-238 - Medical devices
and measurement devices

* Sr-go - Heat source for
thermal electric generators

® Po-210 - Static eliminators

Co-60 - Food irradiation
and radiography

Ir-192 — Gamma source for
radiography (fixed and
mobile)

Pu-239 - Alpha or neutron
source for research
Cm-224 or Cf-252 -
Neutron source for
research and measuring
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m ere is Help for increasing

Capacity....

* Rapid Radiochemical Methods for Selected
Radionuclides in Water for Environmental Restoration
Following Homeland Security Events

e EPA 402-R-001 (Feb 2010)

e Available at Association of Public Health Laboratories
and EPA National Air and Radiation Environmental
Laboratory websites

e www.epa.gov/narel

« www.aphl.org




Methods To Date...

* Am-241 in Water

* Pu-238 and Pu-239/240 in Water

* Ra-226 in Water

* Total Radiostrontium (Sr-go) in Water

* Isotopic U in Water (U-234, U-235 and U-238)



mon featu
Methods

* Reduced sample volumes

e Most methods require only 100 — 200 mls
* Analysis time generally <24 hours
* Developed for drinking water and “similar” matrices
* Determines only soluble forms of isotopes

* Capable of achieving Minimum detectable
Concentrations similar to those of SDWA Methods

* Use Eichrom cartridges and a Vacuum box

e Eichrom cartridges are packed with novel chromatographic extraction
resins that were developed at the Argonne National labs

e Concentration of acid controls separation efficiency
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Eichrom Columns and Vacuum Box




Rapid Am, Pu and U

* Rapid methods were written as standalone methods
but designed so that the actinides of interest could be
done simultaneously

* Methods based on a sequential separations using two
resins and counting via alpha spec
e UTEVA and TRU resins from Eichrom
« Isotopic U uses only UTEVA

e Sample Test Source prepared by Neodydinium Fluoride
microprecipitation



Rapid Am, Pu and U

* A batch of 14 samples will take approximately 6 to
12 hours (excluding data reduction) if each
method is done separately.

e Combined method will take a little longer
* For comparison, a batch of 6 samples by EPA

Method 908.0 for Uranium will take 2 to 3 days to
complete.



ombined Actinides Flow Chart

Americium-241 in Water: Rapid Method for High-Activity Samples

174, Flow Chart

Elapsed
‘Sample preparation (Step 11.1 ]
1. Agd 243Am fracer . Setup of UTEVA and TRU carfridges time
2. Digestion or calohmm phosphate In tandem wsing VES (Step 11.2.3)
‘oo-precipitation (2—3 hours) 1. Assem
l 2. Prep with 5mL 3 M HNG, @ 1 mLmin
Preparation for cartridge (Step 11.2.1)
1. Dissolve phosphate
2. Add suifamate, thiocyanate, ascortic
ackd (5 minutes)
-} _~3.5 nours
LLoad the cariridge (Step 11.2.3)
~& hours

Part 1
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Rapid Total Radiostrontium (Sr-90)

* Uses Sr-Resin Columns for separation, and counting by gas
proportional counter

* Assumes that all the Sr is in the form of Sr-go, and gives
some guidance on how to deal with the potential presence
of Sr-89.

» Uses an “Effective Detector Efficiency”’, which is a weighted
sum of the Sr-go and Y-go efficiencies that reflect the
relative proportions of Y-9o and Sr-go based on the Y-go
ingrowth after the Sr-go separation.
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Rapid Total Radiostrontium (Sr-90)

* A batch of 12 samples will take approximately 10 to
12 hours (excluding data reduction)

* For comparison, EPA Method gos5 takes 18 days for
a batch of 5 samples

* May be able to incorporate in multi-radionuclide
sequential separation scheme.



Rapid Ra-226

* Uses a MnQ, resin to initially separate radium and
then uses Diphonex resin for further radium
selectivity followed by alpha spectrometry

e Barium sulfate microprecipitation

* Need to purify Ra-225 tracer from Th-229 prior to
use

* Low conductivity water can cause low yield
problems.



Rapid Ra-226

* A batch of 12 samples is approximately 40 hours
(excluding data reduction).

e Need to wait at least 24 hours for ingrowth of At-217
from Ra-225 tracer

* By comparison, a batch of 4 samples by EPA Method
903.0 will take up to 21 days
e The method is not clear on this but in order to reach the

SDWA detection limit of 1 pCi/L, an extended ingrowth
of the radium daughters is needed.






Rapid Methods by the Numbers

Analytical | Required Relative Minimum

Action Method Method Detectable

Level, Uncertainty | Uncertainty | Concentration,
Method pCi/L (ume), PCI/L | (@mr), % pCi/L
Uranium 20 2.6 13 1.5
Americium 15 1.9 13 1.5
Plutonium 15 1.9 13 1.5
Total Radiostrontium 8 1 13 1
Radium 226 5 0.65 13 1

Analytical Action Level (AAL) is the value that will result in the choice of alternative actions
Required Method Uncertainty is a target value for the measurement uncertainty below the AAL

Relative Method Uncertainty is the Required Method Uncertainty divided by the AAL, expressed as a

percent. Itis applicable above the AAL.
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e It is important to note that the Analytical Action
Level, uy,z and @,z values listed in the methods
are different from those listed in “Radiological
Sample Analysis Guide for Incidents of National
Significance - Radionuclides in Water” (EPA 402-
R-07-007)

e That document is designed to cover different phases of
an event that may(and probably will) have different

DQQO’s
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Lab Method Validation

* A lot of work....

* Method Validation Guide for Qualifying Methods
Used by Radiological Laboratories Participating in
Incident Response Activities

e EPA 402-R-09-006 (June 2009)

* Based on Multi-Agency Radiological Analytical
Protocols Manual (MARLAP)



Lab Method Validation

* There are five validation levels in MARLAP, depending
on the “newness” of the method

e [evel A is least intensive
e LLevels D and E most intensive

» The only difference between D and E is the source of the
materials used for validation. Level E is actually using the
matrix being tested
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Lab Method Validation

* The Rapid Methods require Level D validation

* Probably a good idea to use levels suggested in
methods rather than in Water Guide

* Need to test 7 replicates at 3 concentrations
e 0.5AAL, AAL, 3x AAL

* Results must fall within + 3 uy;; (at 0.5 AAL) or +3
Our (at > AAL)

* Need to test 7 blanks and 10 replicates at the MDC
to determine if method meets MDC criterion
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Reporting

* Most labs currently reporting counting uncertainty
for SDWA type of testing

* For incident response, expect to also report the
combined standard uncertainty, which included
the uncertainties of all the significant components
of the analytical process

* May also have to report the critical level
concentration as well as the minimum detectable
concentration



PA 900 Uncertainty Calculation

APPEND:X G
ERRDR AND STATISTICAL CALCULATIONS

Radjoastivity determinations inciude anaiytica: and counting ewevors. In the
collaborative testing for each methed, estimated standard dewiatians were
reportad whieh included Both analytica? and cousting evvows. The total
error can only be determined when a large number of samples are analyred.

In order to havo an cstimate of the waeiabion in a single ana1ysis, a
counting errar is ecaleulsted. For an analysis of a single sanple, this
caicylation will ensure that the counting error contribution to the total
efror 95 relatively small. .

Becguze of the rendom nature of radioactive disintegrations there 5 an
error associafed with any messured count of thets digintegeations. The
veriab1 11ty of any measurament 1s indicataed by the standard devistion. The
sfandzrd deviation 3p. of the net counting rate, 1s detarmined by ihe
Fo'llowiny equukion:

wheres
fo
Tt
B

ta

Y dross count rate
= counting Time for the qross count

e background count rate

L4 countine £ime for the background count

The coaunting ervor {CE) for a oiven zewple expressed in pCiST and at
the 95% confidence Tevel is shown by:

or - 1+56 5, % 690 2}
2.22 EF

Adobe Acrobat where:

Document 1,98
2,22

9% coniildenca facter
camvarsian Factar fram dpm/plt,

mnz




i

Adobe Acrobat
Document

Americium-241 in Water: Rapid Method for High-Activity Samples

0272372010

A xR =D xI
AC, =232 1 1

V. xR xD, =I,
and

ﬂg(AC.J=Jv’(R.)x

A =D =] v (A W) 2(R)
S

activity concentration of the analyte at time of count, (pCi/L)

activity of the tracer added to the sample aliquant at its reference

date/time, (pCi)

= net count rate of the analyte in the defined region of interest (ROI),

in counts per second

net count rate of the tracer in the defined ROL in counts per second

volume of the sample ahi @y

correction factor for decay of the tracer from ifs reference date and

time to the midpomt of the period

cnnectpnfnctorﬁord.ecayofthem]yﬁeﬁumﬂlehmenfmple

c 1on (or other refe time) to the midpoint of the counting

= probability of a emission in the defined RO per decay of the tracer

(Table 17.1)

= probability of a emission in the defined ROI per decay of the

analyte (Table 17.1)

u{dC) = combined standard uncertamty of the activity concentration of the
analyte (pCilL)

u(4) standard uncertainty of the activity of the tracer added to the
sa.mple(pCl . i

u(l) standard uncertainty of the volume of sample aliquant (L)

u(R,)

u(Ry)

N - F L &gg
|

standard uncertainty of the net count rate of the analyte in counts
per second

standard uncertainty of the net count rate of the tracer in counts per
second

Note: The uncertainties of the decay-correction factors and of the probability of decay
factors are assumed to be negligible.

Note: The ion for the ¢ i uncertainty (Uc{4 Cy)) calculation is arranged
to eliminate the possibility of dividing by zero if R, =0.

Note: The standard uncertainiy of the activity of the tracer added fo the sample must reflect
that associated with the activity of the standard reference material and any other significant
sources of mmcertainty smch as those i during the iom of the tracer solution
(e-g., weighing or dilution factors) and during the process of adding the tracer to the sample.

Note: The alpha spectrum of americinm isofopes should be examined and the ROT
r&tnm:ﬂy,imm,m_inmmspﬂmi“hpﬂkiﬂnﬁe Am peak
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