Paragon Analytics

Radiochemistry Case Narrative
|sotopic Polonium

New Horizons
CSMRI /2135

PA WO 0405169

This report consists of the analytical results for seven soil samples received by
Paragon on 05/15/04.

These samples were prepared according to Paragon Analytics procedures PA
SOP773RR

The samples were analyzed for the presence of Polonium-210 according to Paragon
Analytics procedure PA SOP714R8. The analyses were completed on 06/12/04.

The isotopic analysis results for these samples are reported on a dry weight basis in
units of pCi/gram.

Due to the poor availablility of a “NIST traceable’ Polonium-209 tracer solution, the
concentration of a dilution of isotopically pure Po-209 received from Oak Ridge
National Laboratory was determined by cross calibration against two distinct NIST
traceable sources (Po-210 and Pb/Po-210). While the calibration is not formally
“NIST traceable’, the Po~209 concentration was calibrated against and is thus
referenced to NIST traceable standards.

Results of this analysis are decay-corrected to the sampling date, based on the 138.4 day
half-life of Po-210. This decay correction makes no assumptions as to the equilibrium
state of Po-210 with the Pb-210 parent nuclide, which has a half-life of 22.3 years.

Paragon Analytics follows the convention outlined in ANSI N42.23 for reporting
significant digits in the TPU and MDC results. ANSIN42 .23 states that the TPU -
result should be rounded to two significant digits and that the MDC result should be
rounded to the same decimal place as the TPU result. In practice, this could result in
an MDC result with a reported value of 0 for samples with significant activity,
including the batch laboratory control sample.
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8. Sample H214 (PA ID 0405169-8) did not meet the requested MDC of 0.1 pCi/g,
however the reported Po-210 activity exceeds its achieved MDC value. This sample
is identified with an “M3” flag on the final reports.

9. Sample SDA064 (PA ID 0405169-13) has a chemical recovery of 117%, above the
110% upper control limit. It is identified with a “y2” flag on the final reports.
Likewise, sample E32 (PA ID 0405169-12) has a chemical recovery of 102%,
however this mects acceptance criteria, and is therefore identified with a “Y1” flag on
the final reports. These elevated chemical recoveries are likely caused by elevated
native Po-210 activity tailing into the Po-209 tracer Regjon-of-Interest (ROI). Sample
H236 (PA 1D 0405169-10) also exhibits signs of tailing into the tracer ROL although
its chemical recovery is below 100%. These results should be considered estimates,
and since the tracer is biased high due to the tailing effect, this consequently causes
sample activity results to be biased low. These threc samples are flagged with an “E”
flag on the final reports to indicate the estimated values. The results are submitted
with this qualification. Pleasc refer to NCR 5738.

10.  No further anomalous situations were encountered during the preparation or analysis
of these samples. All remaining quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel
jisted below. In addition, Paragon Analytics certifies that the analyses reported herein are

true, complete and correct within the limits of the methods employed.
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Polonium-210 by Alpha Spectroscopy

PAIl 714 Rev 8
Method Blank Results

Lab Name: Paragon Analytics
Work Order Number: 0405169
Client Name: New Horizons
ClientProject ID: CSMRI 2135

- Lab ID: PLOADGOS-IMB

Sample Matrix: SOIL
Prep SOP: PAI 711 Rev §

Prep Batch: PL040608-1

Date Gollected: 09-Jun-04

Date Prepared: 09-Jun-04

Date Analyzed: 12-Jun-04

QCRBatchlD: PLO40608-1-1.

Run 1D: PLO40608-1A

Count Time: 300 minutes

Final Aliguot: 0.500 g
Result Units: pCifg
File Name: 040601B

CASNO Target Nuciide Result +/- 2 s TPU MDC Lab Qualifier
13981-52-7 Po-210 0.009 +-0.045 0.065 U
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
Po-209 8.403 6.9 pCifg 81.8 20-110%
Comments:
QualifiersiFlags! Abbreviations:
U - Resutis less than the sample speciic MDC. TBU - Tota) Propagated Unceriainty {see PAI SOP 743}
Y1 - Chemical Yield s in contral at 100-110%. Quantilative Yield Is assumed. .
MDC - Minimumn Detectable Conceniration (see PAI SOP 708)
¥2 - Chemical Yield outside defauilt limits.
i . 8DL - Below Detection Limil
LT - Result is less than Requested MOC, greater than sample specific MDC.
M - Reguested MDG not met.
8 - Analyte concentration greater than MDC.
B3 - Analyte concentration greater than MDC but jess than Requested MOC.
Data Package ID: PLO405169-1
Date Printed: Monday, June 21, 2004 Paragon Analytics Page 1 of 1

LIMS Version: 5.032A



Polonium-210 by Alpha Spectroscopy

PAl 714 Rev 8
Laboratory Control Sample(s)

Lab Name:
Work Order Number:

Paragon Analytics
0405169

New Horizons
CSMRI 2135

Client Name:
ClientProject ID:

Sample Matrix: SOIL

Prep SOP: PAl 711 Rev 5
Date Collected: 09-Jun-04
Date Prepared: 09-Jun-04
Date Analyzed: 12-Jun-04

“LabID: PLO40GOS-LCS |

Prep Batch: PLO40609-1
QCRatchiD: PL0O40609-1-1

Run ID: PLO40608-1A

Count Time: 300 minuies

Final Aliquot: 0.500 g
Result Units: pCi/g
File Name: OR40601L

CASNO Target MDC Spike Added % Rec | Control Lab
Nuclide Results +- 2s TPU Limits | Qualifier
13981-52-7 Po-210 15.3 +/- 25 0.1 144 106 83-117 P
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
' Limits
Po-209 8.403 7.0 pCifg 83.8 20-110 %
Comments:
GQualifiers/Flags: Abbreviations:
U -Resuills less than the sample specific MDC. TPU - Totel Propageted Lincertginty (see PAI SOF 743)
LT - Result Is less than Requested MDC, greater than sample specific MDC, MDC - Minimum Deteciable Concentration (see PA! SOP 7009)
Y1 - Chemical Yield is in control at 100-110%. Quantllative Yield is assumed,
¥2 - Chemical Yield outside defaull limits.
L - LCS Recovery below lower control limit.
H - LGS Recovery above upper conirol limit.
P . LCS Recovery within control limits.
M - The requestes MDC was not met.
M3 - The requested MDG was not met, but thereporied
aclivily is greater than the reported MDC.
Data Package ID: PLO405769-1
Date Printed: Monday, June 21, 2004 Paragon Analytics Page 1 of 1

LIMS Version: 5.032A




Polonium-210 by Alpha Spectroscopy

PAI 714 Rev 8
Duplicate Sample Results (DER)

Lab Name: Paragon Analytics
Work Order Number: 0405169
Cléent Name: New Horizons
ClientProject ID: CSMRI 2135

LabiD: 0405169.8DUP

Sample Matrix: SOIL

Prep SOP: PAI 711 Rev 5
Date Collected: 04-May-04
Date Prepared: 09-Jun-04
Date Analyzed: 12-Jun-04

Prep Batch: PL040608-1
QCBatchiD: PLO43809-1-1
Run ID: PLO40609-1A
Count Time: 300 minutes
Report Basis: Dry Weight

Final Aliquot: 0.501 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: 0516280

DER Control

Limit

Duplicate
Result +/- 2s TPU

Sample
Resuit +/- 2s TPU

CASNO Analyte

Lab
Qualifiers

13981-52-7 Po-210 37.8+-6.2 288 +/-4.7 115 2.13

Comments:

Duplicate Quafifiers/Flags: Abbreviations;
U - Result is less than the sample specific MDC.,

1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.
Y2 « Chemical Yield outside default limits.

W - DER is greater than Warming Limit of1.42

D - DER Is greater than Control Limit of 2,13
. LT-Result s less than Requesi MDC, greater ihan sample spacific MDC

DER - Dupilcate Error Ratio
BDL - Below Detection Limit
NR - Not Reported

Wi - Reguested MDC nol met.

M2 - The requssted MDC was not met, but the reported
aclivity Is greater than the reported MDC.

1. - LCS Recovery below (ower conirol limit.

H - LCS Recovery gbova upper cantrol Timit.

P -LCS, Malrix Spike Recovery within control limits.
N - Malrix Spike Recovery ouiside control limits

Data Package ID: PLO405169-1

TP - Tolal Propegated Uncertainty (see PAI SOP 743)

Date Printed: Monday, June 21, 2004 Paragon Analytics

LIMS Version: 5.032A

Page 1 of 1




Polonium-210 by Alpha Spectrbscopy

PAl 714 Rev 8
Sample Results
Lab Name: Paragon Analytics ‘
Work Order Number: 04051639
Client Name: New Horizons
ClientProject ID: CSMR! 2135

Sample Matrix: SOIL

Prep SOP: PAI 711 Rev 5
Date Colected: 03-May-04
Date Prepared: 09-Jun-04
Date Analyzed: 12-Jun-04

Fielgip:ic108
(iLab1D:’ 04051692

Prep Batch: P1L043609-1
QCBatchID: PLD40609-1-1
Run ID: PL0O40609-1A
Count Time: 300 minutes
Report Basis: Dry Weight

Final Aliquot: 0.509 g
Prep Basis: Dry Weight
Moisture{%): NA
Result Units: pCi/g
File Name: 051692

CASNO Target Nuclide Result +- 2s TPU

MDC

Lab Qualifier

13981-52-7 Po-210 1.22 +/- 0.33

0.08

Chemical Yield Summary

Carrier/Tracer | Amount Added Resuit Units

Yield

Control
Limits

Flag

Po-209 8.251 7.4 - pCilg

90.0

20-110%

Comments:

QualiflersiFlags:
U - Result is less than the sample specific MDC.

1 - Chemical Yield Is in contrel al 100-110%. Quantilative Yield is assumed.
¥2 - Chemical Yield cutside default Xmits.
LT - Result is less than Requested MDC, greaier than sample specific MDC.

M3 - The requested MDC was not met, but ihe reporied
zetivity is greater than the reported MDC.

M - The requesied MDC was not met.

Abbreviations:

TPU - Total Propagated Unsertainty {see PAI SOP 743)

MDC - Minimum Detectable Concentration (see PAI SOP 708)
BDL - Beiow Delection Limit

Data Package ID: PL0405169-1

Date Printed: Monday, June 21, 2004 Paragon Analytics

LIMS Version: 5.032A

Page 1of 7



Polonium-210 by Alpha Spectroscopy

PAl 714 Rev 8

Sample Results

Lab Name: Paragon Analytics
Waork Order Number: 0405169
Client Name: New Horizons
ClientProject ID: CSMRI 2135

Sample Matrix: SOIL Prep Batch: PLO40609-1

EisidID: 1C1025 Final Aliquot: 0.507 g
Laib 1D: 104051694 Prep SOP: PAI 711 Rev 5 QCBatchID: PL040609-1-1 Prep Basis: Dry Weight
e T ‘ Date Collected: 04-May-04 Run [D: PLO40809-1A Molsture(%): NA
Date Prepared: 09-Jun-04 Count Time: 300 minutes Result Units: pCi/g
Date Analyzed: 12-Jun-04 Report Basis: Dry Weight File Name: 051684
CASNO Target Nuclide Result +/- 2s TPU MDC Lab Qualifier
13981-52-7 Po-210 7.9+-14 0.1
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
Po-208 8.289 6.20 pCiig 74.8 20-110 %
Comments:
Qualifiers/Flags:
U - Result is Jess than 1he sample specific MDC.
Y1 - Chemical Yield is in conirol at 100-110%. Quanfitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result 1s less than Requested MDC, greater than sample specfific MDC,
M3 - The requested MDC was not met, bul the reported
activity Is greater than the reported MBC.
M - The requested MDC was not met.
Abbreviations:
TPU - Tolal Propagated Uncertainly (see PA| SOP 743)
MDG - Minimum Detectable Cunceniration (see PAI SOP 708)
BDL - Below Deiection Limit
Data Package ID: PLO405769-1
Date Printed: Monday, June 21, 2004 Paragon Analytics Page2of7

LIMS Version: 5.032A



Polonium-210 by Alpha Spectroscopy

Lab Name: Paragon Analytics
Work Order Number: 0405169
Client Name: New Horizons
ClientProject ID: CSMRI 2135

PAl 714 Rev 8
Sample Results

Fleld1D: 10108

labip: odosiess

Sample Matrix: SOIL

Prep SOP: PAI 711 Rev §
Date Collected: 04-May-04
Date Prépared: 09-Jun-04
Date Analyzed: 12-Jun-04

Prep Batch: PL040608-1
QCRatchlD: PL040809-1-1
Run 1D: PLO40609-1A

Count Time: 300 minutes

Report Basis: Dry Weight

Final Aliquot: 0.501 g
Prep Basis: Dry Weight
Moisture{%): NA
Result Units: pCifg
File Name: 051686

CASNO

Target Nuclide

Result +/- 2s TPU MDC

Lab Qualifier

13981-52-7

Po-210

3.57 +-0.69 0.09

Chemical Yield Summary

Carrier/Tracer

Amount Added

Result Units Yield

Control
Limits

Flag

Po-209

8.387

75 pCilg BB.9

20-110 %

Comments:

QualifiersiFiags:

U - Resultis less than the sample specific MDG.,

4 - Chenicel Yield is in contro! at 100-130%. Quantitative Yield is assumed.
Y2 - Chemica! Yield outside default limits.
LT - Resull Is less than Requested MDC, greater than sample specific MDC.

M3 - The requesied MDC was not met, but the reported
actlvity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Tola! Propagaied Uncertainty {see PAl SOP 743}

MDC - Mintmum Detectable Concentration (ses PAI SOP 708)

BOL - Below Detection Limit

Data Package ID: PL0405769-1

Date Printed: Monday, June 21, 2004

Paragon Analytics
LIMS Version: 5.032A
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Polonium-210 by Alpha Spectroscopy

PAI 714 Rev 8

Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405162
Client Name: New Horizons
ClientProject ID: CSMRI 2135

.'I==ié['d' :I'D' Ho14 Sample Matrix: SOIL
s Prep SOP: PAI 711 Rev 5
] . 0405169-8 :

Aaplb: R e Date Collected: 04-May-04

Date Prepared: 09-Jun-04
Date Analyzed: 12-Jun-04

Prep Batch: PL040608-1
QCRBatchlD: PLO40609-1-1
Run ID: PLO40808-1A
Count Time: 300 minutes
Report Basis: Dry Weight

Final Aliquot: 0,500 g
Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g
File Name: 051688

CASNO Target Nuclide Result +/- 2s TPU

MDC

Lab Qualifier

13981-52-7 Po-210 37.8 +H-6.2

0.1

M3

Chemical Yield Summary

Carrier/Tracer | Amount Added Result Units

Yield

Control
Limits

Flag

Po-209 8.396 5.75 pCily

68.5

20-110%

Comments:

QualifiersiFlags:
U - Result is less than the sample specific MDC,

Y1 - Ghemical Yield is in control at 100-110%. Quantitaiive Yield 1s assumed.
¥2 - Chemical Yleld outside default Timits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not mat, but the reported
aciivity Is greater than the reported MDC.

M- The reguested MDC was not mel.

Abbraviations:

TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDCG - Minimum Deleciable Gonceniration (see PAI SOP 708)
B0L. - Below Dalection Limit

Data Package ID: PL0O405169-1

Date Printed: Monday, June 21, 2004 Paragon Analytics

LIMS Version: 5.032A

Page 4 of 7



Polonium-210 by Alpha Spectroscopy

PAl 714 Rev 8

Sample Duplicate Results

Lab Name: Paragen Analytics
Work Order Number: 0405169
Client Name: New Horizons
ClientProject ID: CSMRI 2135

Sample Matrix: SOIL
Prep SOP: PAi 711 Rev 5
Date Collected: 04-May-04

FleldiD: H214
Lab_ ID: 04051 63-BDUP

Date Prepared: 09-Jun-04
Date Analyzed: 12-Jun-04

Prep Batch: PLO40609-1
QCBatchlD: PL040609-1-1
Run [D: PL.C40609-1A
Count Time: 30C minutes
Report Basis: Dry Weight

Final Aliquot: 0.501 g

Prep Basis: Dry Weight

Moisture(%): NA
Result Units: pCilg
File Name: 0516980

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Lab Qualifier

13981-52-7 Po-210 28.8 H- 47

Chemical Yield Summary

Carrier/Tracer | Amount Added Result Units

Yield

Control
Limits

Flag

Po-209 8.393 6.07 pGifg

724

20-110%

Comments:

Qualifiers/Flags:

U -Resultis less than the sample speciiic MDC.

Y4 - Chemica! Yield is in contral 8l 100-110%, Quantilative yield is assumed.

Y2 - Chemical Yield outside default limis.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M- The requested MDC was not met.

M3 - The requested MDC was not met, bul thereporied aclivily is greater than the reperied MDC.
W - DER is greater than Warning Limit of 1.42

D - DER is grealer ihan Control Limlt of 2.13

Abbreviations:
TPU - Total Propagated Uncertainty (see PAl SOF 743)
MDG - Minimum Deteciable Goncentration (see PAI SOP 708)

BDL - Below Detection Limit

Data Package ID: PLO405169-1

Date Printed: Monday, June 21, 2004 Paragon Analytics

LIMS Version: 5.032A

Page 1 of 1
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Polonium-210 by Alpha Spectroscopy

PAl 714 Rev 8

Sample Resulits

Lab Name: Paragon Analylics
Work Order Number: 0405169
Client Name: New Horizons
ClientProject ID: CSMRIL 2135

Sample Matrix: SOIL

Prep SOP: PAI 711 Rev 3
Date Collected: 05-May-04
Date Prepared: 09-Jun-04
Date Analyzed: 12-Jun-04

FleldiD: W26
“Lab ID: 040516910

Prep Batch: PLO4060S-1
QCBatchlD: PLO40602-1-1
Run 1D: PLO40808-1A
Count Time: 300 minutes
Report Basis: Dry Weight

Final Aliquot: 0.501 g

Prep Basis: Dry Weight

Moisture(%): NA
Result Units: pCi/g
File Name: OR516910

CASNO Target Nuclide Result #/- 2 s TPU

MDC

Lab Qualifier

13081-52-7 Po-210 88 +i- 14

Chemical Yield Summary

Carrier/Tracer | Amount Added Result Units

Yield

Control
Limits

Flag

Po-209 8.393 6.7 pCifg

79.5

20-110 %

Comments:

QualifiersiFlags:
U - Result is 'ess than the sample speclfic MDC.

¥1 - Chemical Yield is in control at 100-110%. Quantitative Yiek is assumed.
w2 - Cherical Yield outside defaull limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
aciivity is greater than ihe reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncerisinty (see PAI SOF 743)

MG - Minimum Delectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit

Data Package ID: PL0405769-1

Date Printed: Monday, June 21, 2004 Paragon Analytics

LIMS Version: 5.032A
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Polonium-210 by Alpha Spectroscopy

PAlI 714 Rev 8
Sample Results
Lab Name; Paragon Analytics
Work Order Number; 0405168
Client Name: New Horizons
ClientProject ID: CSMRI 2135
'Fli.t_el'd_.lD: E32 o Sample Maftrix: SOIL Prep Batch: PL0O40608-1 Final Aliquot: 0.502 g

5_ Lab ]D:: Sitsieas e

QCBatchiD: PLO40608-1-1
Run ID: PLO406G0S-1A

Prep SOP: PAI 711 Rev §
Date Collected: 10-May-04

Count Time: 300 minutes
Report Basis: Dry Weight

Date Prepared: 09-Jun-04
Date Analyzed: 12-Jun-04

. Prep Basis: Dry Weight
Moisture(%): NA
Result Units: pCi/g

File Name: 0516912

CASNO

Target Nuclide Result +- 2 s TPU MDC

Lab Qualifier

13981-52-7

Po-210 441 +/- 8.8 0

Y1, E

Chemical Yield Summary

CarrierfTracer | Amount Added Result Units Yield

Control Fiag
Limits

Po-209

8.376 8.8 pCilg 102

20-110 % Y1

Comments:

Qualifiers/Flags:

U - Resuitis less than the sample spedific MDC.

Y4 - Chemical Yield is in control at 100-110%. Quantitafive Yield is assumed.
¥2 - Ghemical Yield outside default Timiis.
LT - Result Is less than Requested MDC, greater then sample specific MDC.

M3 - The requested MDC was

nat met, but the reporied

activity is greater than the reported MDC,
M - The requested MDC was nol met,

Abbreviations:

TPU - Total Propagated Uncertalnly (see PAI SOP 743)

MDC - Minimum Detectable Concentration {see PAI SOP 709)

EDL - Below Detection Limit

Data Package 1D

: PLO405169-1

Date Printed: Monday, June 21, 2004

Paragon Analytics
LIMS Versior: 5.032A

Page 6of 7



Polonium-210 by Alpha Spectroscopy

PAl 714 Rev 8

Sample Results

Lab Name: Paragon Analytics
Work Order Number: 0405168
Client Name: New Horizons
ClientProject ID: CSMRI 2135

“Figld ID: ‘spaces Sample Matrix: SOIL
w T Prep SOP: PAI 711 Rev &
“Lab 1D: 5162-13 :
LabiD: 080 ] Date Collected: 13-May-04
Date Prepared: 09-Jun-04
Date Analyzed: 12-Jun-04

Prep Batch: PLO40608-1
QCRatchiD: PL040609-1-1
Run ID: PLO40609-1A
Count Time: 300 minutes
Report Basis: Dry Weight

Final Aliguot: 0.501 g
Prep Basis: Dry Weight
Moisture{%): NA
Result Units: pCi/g
File Name: 0516913

casNO | Target Nuclide Result +- 2 s TPU

MDC

Lab Qualifier

13981-52-7 Po-210 580 +/- B8

Y2, E

Chemical Yield Summary

Carrier/Tracer | Amount Added Result Units

Yield

Control Flag
Limits

Po-209 8.392 9.8 pCifg

117

20-110% Y2

Comments;

Qualifiers/Flags:
U - Resultis less than the sample specific MDC.

¥1 - Chemical Yield is in control al 180-110%. Quantitative Yieid Is assumed.
Y2 - Chemical ‘field outside default limils.
LT - Result is less than Requested MDC, greater than sample:specific MDC.

M3 - The requesied MDC was not met, but the reporied
activity is grealer than the reported MDC.

M = The requested MDC was not metl.

Abbreviations:

“TPU - Total Propagated Uncertainty (see PAI SOP 743)

MDC - Minimurn Detectable Concentraiion (see PAl SOP 709)
BDL - Below Detection Limit

Data Package ID: PLO405169-1

Date Printed: Monday, June 21, 2004 Paragon Analytics

LIMS Version: 5.032A
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