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Presentation 8 — Mary Ann Parkhurst

Estimating Depleted Uranium Aerosol Doses

and Risks: Study Objectives

An Overview of the Capstone Depleted » Generate data to fill knowledge gaps
Uranium Aerosol Study about aerosols created by perforation of
and the Capstone Human Health Risk armored vehicles with DU munitions
Assessment
« Apply data in dose and risk assessment
Research Advisory C A ze on Gulf War Vet ’ Ninesses Df DU aerosol exposures
pril 7, 2005
—Retrospective assessments
Mary Ann Parkhurst .
acific jonal L. v —Prospective assessments

Richland, Washington

Datato Be Generated Peer Review Committee

Dr. Roy Reuter, Team Coordinator
Dr. Arthur Upton—Radiobiology

Underlying question: Are health risks high Dr. John Doull—Taxicology
enough to warrant Changes in Dr. Rogene Henderson—Inhalation Toxicology
Dr. David Hoel, Health Physics, Industrial Hygiene
— Medical policy for tfreatment? Dr. Morton Lippmann—Air Sampling
—tdonitoring? Dr. Paul Strickland—T oxicology

Dr. Wes Van Pelt—Health Physics

Dr. Paul Baron—Aerosol Physics

Dr. Tony James—Health Physics, Computer Modeling
Dr. Wesley Bolch—Health Physics, Computer Modeling

— Protective Measures?
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Capstone DU Aerosol Study Field Tests

- Phase | — Abrams tank with conventional
armor

— Crossing shots {4)
— Breech shots (&)

+ Large-scale field testing of aerosols generated by
perforation of armored vehicles with depleted
uranium (DU} penetrators

+ Highest priority on aerosols created inside vehicle at = Hull shot (1)
time of and immediately after perforation + Phase Il - Bradley Fighting Vehicle
- Fired at ballistic turrets and hulls > Sl ey

— Turret’breech shot (1)

+ Collected aerosol and deposited particulate material « Phase Il - Abrams tank with DU armor
+ Characterized chemical composition and particle size — Armor packaged shots (2]
collected over first 2 hours + Phase IV — Abrams operational tank

Bradley Fighting Vehicle—Conventional Armor

Abrams Tank— with Conventional or DU Armor
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Perforation Shot Lines

P12 g i)

pRCIOIONS0)0K

ATC SUPERBOX FACILITY

T

Exhaust Air

§ Filtration System
S 9. sl

Superbox

Instrumentation Tunnel
" Buildings

Staging

Pad

ATC SUPERBOX SHOT
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Sampling Environments Sampler Requirements

+ Interior {primary sampling)
— Turret air (and passenger compartment in
Bradley) imm ediately after shot
— Periodically up to 2-hr post shot

— During recovery operations — Sampler Redundancy

— Turret interior surfaces . Accommodate computerized time sequencing
- Exterior (secondary sampling) control

+ Survive a high energy environment
— Robust aerosol samplers

— Physical shielding against imnmediate pressure
and temperature pulses and fragments

+ Overall sampling rate <200 Lpm

Interior Sampling Equipment Selected Interior Sampling Equipment Selected (Cont.)

Filter Cassettes
{(IOMSs). used for time-
sequenced sampling

+ stainless steel
+ Gelman Supor
membrane discs

+ Replaced with Zefluor
filters

Cascade Impactors:

used for timesequenced
sampling

34-pm, 8 stage, inlet modified,
with backup filter

= Effective cutoff diameter at
ZLlpm: 21,15, 10,6, 35,16,
0.8, 0.5 mm, respactivaly

» Mxed cdluloss ester
substrate

= Medium of 0.2-prm pore size
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Sampling Arrays—Placed at Commander, Driver, Gunner, Sampler Shielding
and Loader Positions (Right and Left Scout in BF') T = -

L rp bocasond s mnpactor f s
TOM fiker cassette

Phase IV Samplers Interior Sampling Equipment Selected {Cont.)

5-stage SRI cyclone
train
= Stage cutoff diameters of

aerodynamic diarmeters
{prri at 10 Lprn flove rate
10,43,29,2,1.2 (1.2
hackup filter)

Used for bulk aerosol

sampling
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Interior Sampling Equipment Selected (Cont.)

Merlin-Gerin auto-advance moving filter sampler
(AW19 filter tape; 28 Lpm sampling rate; discrete or continuous)
Used for sampling in first few seconds

Gast vacuum pump

Samplex controlbox

Pouer suply for HG 2000 Kodak HG 2000 high speed and standard video

Sampler controlbox
Particulate sampling array: 9 cascade impartors,
9 filtex cassettes, thermoconple

Loarder

Pressure gauge mouted on
underside of tunet 100§

Standard video

Moving filter sampler
and cyvlons 3-stage particle separator "
sammected to backup filter Chast vacuur pump

Driver Sampler contiol boxes under hull

Priséen grog mowited
o e e O gt g

Purticuliti sampling vaps o2 ww pasitisns

MIBP pmerving flier rasmpler
snehclone § stage particle sepantr
conmected b5 b kup fller

Insrumentatce i loader's 5ide of bastle

Samples comtrel box

R ol panicnlits sasnphing wvir

Eodak 65 2008
11900 &

Stan dard vedes () fram a/rec)

Dasi vaosum pump

Hear of particulate sampling amay

Standard vibes (0 Eramesiras)

Saupher svams] bz

T trum mtati on w commander’ s 6 da <f burde
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CAPSTONE Aerosol Sampling
Computer Control System

saasansnaa

Interior Surface Contamination Sampling

+ Deposition trays
—din by din. aluminum trays (100 cm2)
— Four an floor near each of 4 sampling arrays
« Wipe surveys
— At least 30 discrete, pre-marked wipe locations
+ Cotton gloves
— Woaorn by sample recovery personnel {over protective

8 895045900 glaves)
(22 hull - engine {26 turret - mmno
compartment ) compartment ) (23 turret) (3] above breech) 130 hally
| | ] J
Interior Exterior
Contamination Contamination
Surveys Surveys

| \
| (28 bilow-alT panchs) (25 turret) (29 hull)
(21 hull - engine (27 commander'’s (24 above breeeh)
compartments ath)
. Dyposition irays on Exterior
Nose of Tank

A= top af hull (rear)
B = top ol turret (frond)
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DU Aerosol Analysis Laboratory Analysis

+ Radioactivity on filters, gloves, wipes, cyclone
— Alphaibeta counts
— Zamma counts — cyclones, gloves
+ Analysis performed by 4 laboratories + Chemistry
— Uranium analysis
— DU/ analysis (U235/U238 ratios)
— (xide analysis
+ Morphology by scanning electron microscopy
+ In vitro solubility

+ 8,000 samples collected

Example of Filter Cassette

Samples Collected Mass Concentration
e ©® o . .
Uranium Mass Concentration {pg/m3)
{adjusted for ingrowth) =
e ©® [Sample Mass (Max U ng] — Field Blank {Max U pg)]

[Sample Volume (L) x 1.0 E-3 m3/L]
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Phase I, Shot 1

— T .
E b —e— Loader = W0 Mean Concentration (Pl, Shot 1)
2 —m— Driver 1 € *  Mean Concentration (Pl, Shot 2)
= g 4 Mean Concentration (Pl, Shot 5)
5 & *  Mean Concentration (Pl, Shot 6)
= 7 10 TR, *  Mean Concentration (P1, Shot 7)
= £ | ®  Mean Concentration (Pll, Shot 3)
£ ] | |
s 3 L1

(& £ |

= 3

£ g .

= E| = —

= - —

- v
= - o ]III\['I|||||'\I'|||[||\II|||I|I|‘III|[.
. ] 20 40 60 80 100 120 140
: . . Time (minutes)
[+] 25 50 75 100
Time after Impact (Minutes)

Cyclone Residues

DU Aerosol Summary Table

Mean DU Concentration izim’)
0 zec

Shot Descrip tion [ 30sec | 1man | Woun ]| 1h | Zh
Retrospective

b mms—emssing nll [11 [0 [ &0 Jon Jops? Joo4?
Emidley—turret and passenger comp’t | 3.0 | 27 [ 22 Jo13 [onpaz |ooz4
Prospectie

Ash ms—cmes ing taret &3 7.8 57 0.15 0064 i
iib mms—emssing tarret intobmech 16 12 &4 0.0 [op2e | onis
[ &b s —ime DU ammor 10 73 42 | 0ms | 00l7 | o0is
Ab mms—irto DU armor

[FIV -4, writh ventlation) 0.0s2 0.14 0zz | ool = =

() Dyverages Tuot e Mirapolate d past lact emple.
() Samplrs for both shots showed similarpattemn in large re duction from 1 ming most 30 min DT conc sndrations
were lovrer than ot 1h.
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Chemical Composition of Total Aerosol Mass

- DU Concentration
— 38 to 54% in the Abrams BHT/hull, conventional armor

— 43 to 72% in the Abrams EHT/turret shots, conventional
armor

— B0 ta 72% in the Abrams BHT/turret shat, DU armor)

— 1? to 29% in the Bradley BHT/passenger compartment
shots

+ Other Metals Concentration
— Mlostly aluminum and iron
— Some titanium, zing, and copper
— Additional trace metals

DU Particle Composition and Morphology

+ DU oxide using X Ray Diffraction

— Pradominant phase was U,0/U0, believed to be
primarily hyperstoichiometric forms of LI,Oy

— U, 04 also present especially in larger particles

— A small amount of schoepite (U0, 2H,0) found in several
samples

+ Morphology examined using scanning electron
microscopy

+ Composition of individual particles analyzed using
energy dispersive spectroscopy

cpslm 1388, /IO G647

Stages 1 and 4 Distributions
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Less Dense Aggregates

Typical U Aggregates

In Vitro Solubility in Simulated Lung Fluid
Transient Fireflies

D e et
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Moving Filter Residues—Discrete Interval

Moving Filter Residues—Continuous Time
Sampling

Sampling

Example of Cascade Impactor
Samples Collected: Respirability of Particles

3.00 pm
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AMAD Graphs: 10 sec, 1 min, 3 min, 33 min

ARAN I dyy
T

i

gl

Agrodynamic Ciametes {um Astodynamic Diamates {us

WA i
1ALy

General Characteristics of Particle Size Exposure Categories for HHRA

Distributions
« Level | (modeling limited to the following)
+ Particle size distributions changed as a — Personnel in venicle at tme of Impact
. i i ; — First responders
function of time with larger particles . Level Il
settling out more quickly — Personnel whose job functions require them towork in

and around vehicles containing DU fragments and
particles, usually within hours to few days

- Level lll
— Personnel with brief or incidental exposure

— Includes those entering equipment, downwind of DU
impacts and fires
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Level | Scenario Development

+ Personnel in vehicle at time of impact
+ Firstresponders
— Stay-time in vehicle
— Breathing rates
— Type of breathing {(nose/mouth)
— Individuals' characteristics (Reference Many
+ Respiratary tract (| CRP-66)

+ Bone (ICRP-70)
+ Other organs (ICRP-23, ICRP-85)

Summary of Level |, In-Vehicle Personnel
Exposure Scenarios
- Exposure -
Scenario Time of E xposure Duration Breathing Rate
Crew Inside Vehicle
A From impact to exit 1 min post shot 1 min 3mth
B From impact to exit 5 min post shot 5 min 3 méh
3 mé hforfirst 15
C Fromimpact to exit 1 hpost shot 1h min, 1.5 méh
thereafter
3 mé hforfirst 15
1} Fromimpactto exit 2 h post shot 2h min, 1.5 méh
thereafter
First Responder
e Ery § min past shot, cxit 0 min | 10 min | I

Primary DU Aerosol Characteristics used in
Intake and Dose Modeling

+ DU concentration as a function of time

+ Particle size distribution as a function of
time

+ In vitro solubility as surrogate for
dissolution and transfer of inhaled
particles within human body

Aerosol Concentration (Source Term)

* DU Concentration over time (|OM)

* Particle-size distributions over time (Cl)
—Also DU concentration

» Cl data selected
— |OM conc = Cl stages summed conc
— 100 conc = early time intervals (<10 min)
— Larger particle sizes caollected by 10M =
— Adjustments for Clhwall loss
— Field blank adjustments ta all time intervals except first
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Inhalation Intakes Median DU Intakes
+ Time integral of aerosol concentration times the I Uranium Iniake - Se.
. . | TATS | TATVS mdley H
scehario breathing rate Scemari Comventional | Abrams Tank: | DU Amwor, | Convenional
Amm,_ wﬁmn_r, ECI'NP:C Amnr,_
+ Statistical approaches No Veniilation| No Ventiktion | Cperating | No Ventihtion
| oozt Liliely
- Conventional approach ;-gf@w ex_i‘_inslm?n g ,2;3 4112 28233
. - Crear, exatin 5 mm
— Bayesian approach E - Fict msponders 160 200 il 99
Upper Bownd
C- Crew, exitinl h | 0 | 70 | 51 | 1)
D- Crewr, exitin2h | 770 | 1000 | 110 | 370

Quantities Calculated
Dose Calculations

+ Radiological quantities

. Dosimetry models — Committed eff.ective dp;e - E(a0)
— HRTM (ICRP-66) + |CRP-B8 with modifications
. —Gonadal H{50) - testes anly
+ Deposition T .
« Clearance (mechanical and absarption) —1—:1;;'228 and uterus eliminated from remainder
- Gl Tract _UCRP__SD)_ —No splitting applied — ET assigned wy =0.025
— U systermic hiokinetic (|CRP-78)

— Crgan dose equivalents — H{(50)
+ DU aerosol solubility in lungfextracelluar fluids

+ Lung, BS, ET, kidney, LMN-TH, RM, Liver reported
— In wiro solubility results rather than ICRP-68 defaults . Chemical concentration
(Types F, M, 3}

— Peak kidney concentration
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Median 50-yr Committed Effective Doses E(50) Relative to NRC Occupational Dose Limits

+ Annual occupation TEDE limit is § rem (10 CFR 20).

E(50} rem + Although the E(50) is different from the TEDE, the
S e e T‘“r‘,]“ AT concepts are similar, and for radiation protection
. {?rmnr,_ ND‘I;TArmn_r, EC/NBC N {?rmnr,_ purposes, can be compared {ICRP [60] 1991).
. o Veniilation | No Venilation | Operating | No Vensilution + The NRC's planned special expeosure limit is 10 rem in a
A - Crevwr, exitin | min 20 23 0080 0.5 year (two tim es the annual limit, not to exceed five times
B - Crew, exitin 5 min 37 &0 0.44 1.7 the annual limit in a lifetime [10 CFR 20.12067).
£ - First s penders il L Ol U] + Although the E{50)s exceed the occupational radiation

| Upper Bound T l l limits for some scenarios, all E(50)s are less than the

[ itin 1 h 48 1 imi
ren exitinlh | planned special exposure limit.

D - Crew, exitin2h | 50 | a7 | ] | 24
+ For all scenarios modeled, radiation doses are at levels
unlikely to cause adverse health effects.
Median 50-yr Committed Equivalent Doses HT(50) Relative to NRC Occupational Dose Limits
to the Lung
+ Annual eccupational radiation dose limits include a 50
rem com mitted dose equivalent (10 CFR 20).
. " v Tandes Bradley Vehicle: + Although the HT(50) is different from the committed
Scenario Conventional Comrentional dose equivalent, the concepts are similar, and for
Arnwor, Arnwr, nlan o o
No Ventilation h No Ventilation radiation protection purposes, the two gquantities can be
Most Likely compared {ICRP [60] 1991).
A — Crew, exdtin | min 14 18 068 52 . .
[B—Crow, evit ms mm 67 ) K] 13 + Except forthe case in which an Abrams tank was
E _ Finst responders X3 14 31 &7 perforated through DU armor and the stay-time was 1 to
C_U?&:l_ﬂlh I = I = I — I = 2 h, the predicted doses to the organs were less than
b & —= =3 —= this occupational limit.
+ For all scenarios modeled, organ doses are at levels
unlikely to cause adverse health effects.
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Radiclogical Dose to Risk

ICRP-60/NCRP-115 approach
Cancer mortality risk coefficients

Summed organ risk approach {non-uniform
irradiation)

Median Lifetime Risk Increase of Fatal
Cancer from DU Inhalation

Lifetime Risk Increase of Fatal Cancer (Vi)
Scenari TATS E TAmMS Bradley Vehicle:
Comwentional | Abrams Tank: | DU Armwor, Conventional
Armor, DU Armor, ECINBC Armor,
No Ventilation | No Ventilation | Operating TNo Ventilation
| Most Lilehy
A — Crew, exitin 1 min 0.11 012 0.004 0034
B - Crew, exitin 5 rin 0.2 032 0025 00se
|E - First responders 0050 010 0023 0052
Upper Boumd
C-Cew,Eaxtimm1h | 027 044 [ 0057 [ 0.12
D-Crew.ExtmZh | 023 045 | 0065 | 0.14

Radiological Risk

“Generic” lung cancer mortality risk coefficients were
based on alpha emitters.

Lifetime cancer mortality risks calculated using the
Linear Mo-Threshold model of effect, thought to be
protective of health.

For rapid exits {1 min or less), the risks are slightly
greater than the risks associated with the annual
general population dose limit of 0.5 rem.

For all vehicle types, the estimated risks at the 90th
percentile are below or slightly exceed (byless than
10%) the risks associated with planned special
exposures.

Risks for first responders are below the risks associated
with the occupational limit of 5 remiyr.

Risk

Median Radiation Risks w/ 10t & 90t Percentiles
for All Phases and Scenarios (Compared to
Radiation Standards and Emergency Guidelines)

E-First Respanders

= A Crew, Exit 1 min IR Crave, Exit & min

RES 1C (10 rem) RES 1D (25 rem)

CCrew. Ex 11y
====RES 1A(0.5 rem)
RES 1E {75 rem)

== Dcn
== RES 1B (5 rem
RES 2 (126 rem)

ALY §immrm ! m P s

1.0E-02

1.0e-03

1.0E-04

1.0E-05 ABCDE

Abrams [Noa-DU Armor,
Mo VonsRation)

A BCODE

Abwams (DU Armar,
ECINBC Vantilation)

A BCDE

Bradley
Mo Venitation)
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Development of a Risk Model

+ Goal: Predict the severity of renal effects following an
acute exposure to uranium

+ Methodology: Develop a model that was based upon
documented renal effects in humans following acute uranium
exposures, and the calculated Kidney burdens

— 27 cases were selected
— dlinical sysmptoms or the biochemical indicators of renal
dysfunction
— peak renal concentrations of uranium in the Kidneys
= Fisher et 2/ (1990 [health effects in workers following an
accidental exposure to uraniurm hexafluaride]

= The Royal Society (2002} [renal effects occurring within a few
days after acute uranium exposures]

|luodfied fomthe Poyal Society, 2002

Acute Human Exposures to Uranium

Chemical Intake FPeak pg
Intake Route (n) Form (ma U} kidney Effect
o 100 +++

Renal Effects Groups (REGs)

REG Effects D {range) pg Wy Kidney
0 Ho effect 20.0 2.2
1 Transient >0.0-2.0 > 2.2 -64
2 Protracted =2.0-4.0 =6.4-18
3 Severe > 4.0 >18

Median Peak Kidney Uranium
Concentrations

Peak Kidney Uranium Concenirations fug Uig Kidney)

Abrams Tank: Abrams T ank: | Bradley Vehicle:
5 Clo: iomal | Ah Tank: | DU Arnwr, Conventional
Armer, DU Armer, ECNBC Armor,
No Ventilation] No Ventilation Operating No Ventilation
Mozt Likely
A - Crew, exdtinl min 3.0 1.1 005 1.0
|B - Crew, exitin 5 min 64 26 023 29
E - First responders 15 0.57 014 14
Upp er Bound
C-Crew, exitinl b | [F] | 35 | 046 | 3.3
D Coew, exitinzh | =0 | 37 | 156 | 410

(4) The sampler data used to cakulate Scenarios Cand D d#fered slighth and was responeible for the lowmer
dose for the longer e 3posure time.
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HHRA Median Peak Kidney Burdens w/ 10t & 90t
Percentiles for All Phases and Scenarios (Compared to
Renal Effects Groups and Occupational Guideline)

DU Health Risks in Perspective

- ODS incidents involved crews of 6 Abrams tanks and 14 Bradley
Fighting Vehicles—104 survived.

=== A-Crew, Exit 1 min
[ D-Crew, Exit2 h
-+ Renal Effects Group 1

D B-Crew, Exit § min C-Crew, Exit 1 h
—————— Renal Effects Group 0 « Of those struck by DU fragments, most continue to be medically
secmemnzOccpational SM (8ugi), smionin Renal Etiects Sraup'2 monitored. To date, no clinical symptoms of DU toxicity have

been observed in this group.

E-First Responders

5 * Crewmembers in these vehicles were exposed to DU oxide
aerosols in addition to any DU fragments resulting from impact.

Uranium is a much-studied material and its toxicity is relatively

Hg U/g Kidney
@3 N
H—

)
!
—
)
|
i
.

8 L well known. Although some risk may exist, no compelling
= I— s e - - - - - - - - Rt ||| R evidence from human epidemiclegic studies iate natural or
2 " [ =1 by
0 S 155 N == + = DU uranium with an increased cancer risk.
A B C D E A B C D E A B C D E A B C D E
Abrams (Non-DU Armor, Abrams (DU Armor, Abrams (DU Armor, Bradley
No Ventilation) No Ventilation) EC/NBC ilati (No Ventilati

The Bottom Line—Radiological Effects
The Bottom Line—Toxicological Effects

» For all vehicle configurations and modeled exposure
times, except for the unventilated Abrams tank

perforated through DU armor, predicted radiation doses
were within U.S. {routine) occupational limits.

* For the unventifated Abrams tank perforated through DU
armor, short exposures (about 1 min) were within
routine occupational limits, and exposuresupto 2 h
were within the emergency or planned special exposure
limits.

« For alf vehicle configurations and exposure times
modeled (up to 2 h), predicted radiation doses are not
likely to cause adverse health effects.

* In the case of the unventilated Abrams tank perforated

through conventional armor, the potential exists for
short-term adverse kidney effects for exposures 5 min
or longer.

In all other cases, predicted uranium concentrations in
the kidney are not likely to cause adverse chemically-
induced health effects.
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