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HEALTH EFFECTS OF DEPLETED
URANIUM IN EXPOSED GULF
WAR VETERANS —

A TEN-YEAR FOLLOW-UP

Melissa A. McDiarmid, M.D., M.P.H.

YA Maryland Health Care System
Baltimore Division

Background

m Friendly Fire incidents - inhalation
exposure/wound contamination and
embedded shrapnel

m Finding - relation between shrapnel
status and elevated urinary uranium first
observed in 1994 visit, confirmed in all 4
subsequent visits

Purpose of
DU Surveillance Program

m Determine health effects, if any, in
exposed population

= Develop methods to measure uranium
exposure in novel exposure mode
(embedded shrapnel)

m Examine surgical management of
shrapnel

Summary of Surveillance Visits

Year Cases MNon-exposed Total
19934 33 33
1997 23 38 67
1999 21+29 new 50
2001 3M+&new (17 original cases) 39
2003 iz 3z

Atotal of 70 individuals involved in friendly fire
incidents have been evaluated at Baltimore.
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Surveillance Protocol Surveillance Protocol
Detailed Questionnaire Laboratory Studies
) . s CBC
= Medical History = Blood Chemistries
= Social History = Urinalysis
» Family History » Neuroendocrine markers (FSH, LH,
m Occupational/Exposure History Prolactin, Testosterone)
m Reproductive History m Urinary Uranium
= Partner's History » Immunologic markers

m Other Uranium Measures

Surveillance Protocol Surveillance Protocol
Special Studies Additional Surveillance Components

a Semen analysis m Physical examination

m Chromosomal aberrations m Neurocognitive test battery

= Sister chromatid exchange » Whole body radiation counting

m Risk Communication/Focus Group
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Demographic Characteristics for 2001 Cohort

H )
RACE
Afficandmencan 12 3l
Cancasian el )
Hispanin 4 n
Other 1 3
EDUCATION
0-8 years 1 3
912 years l pci
Some college e} 3
College degree 4 1
Posteollege 3 g
MARITAL STATUS
Hever married 3 3
Married 31 =
Divomred 4 10
Unknowern 1 3
ACE* 351078

® &t time of 2001 evabution
" Mean age at time of 2001 evduation( +3E, standard ermr of the mear)

Active Medical Problems Summary (2001)

Low Uranium  High Uranium Mann-

Grouwp * Group ‘Whitney

n b} n Ya Testp)
Participants with active problems 26 100 12 923 0.15
Truriesd T Anl 13 100 .00
Iuszculosheletal 17 654 7 538 0.49
Cardiovascular 10 385 2 154 0.14
Paychiatric 4 154 3ol 0.56
Mervous system 50192 300231 0.78
Other* 1 6932 10 7ed 0.61

* < (.10 pg/g creatinine (n=216)
® =010 pg/g creatinine (r=13)

° Inudivichials might have more than one problem
4 Injuries sustined during Chulf War
* Gastrointestinal, skin, respiratory, genitourinay

uUrine Uranium {pg4g creatinina)

Urine Uranium (2001) N=39

Hematologic Parameters Summary ( 2001)

Low Uranium High Uranium Mann -

Group® Growp® Whitney

Lahoratory test (normal range) (meant 5E) (mean * SE) Test (p)
White Blood Cells (4.8-10.8 Kfem 6531041 585045 0.34
Hematocrit (42-32%) 4460 £043 42591020 0.03
Hemoglobin (14-18 gfdL) 1540 £0.15 1479 +032 0.07
Platelets (140-440 Kiem®) 25454 +£1382 2340811373 0.21
Lymphocytes (%) (15-459%) 36271199 36071281 0.20
Meutrophils (%) (40-75%) 0851209 51231197 0.74
B azophils (36) (0-29) 072 +0.10 0652007 0.54
Eosinophils (%) (0-4%) 3.60 2035 351044 0.85
Monocytes (%) (2-12%) 779 H 3T 794+042 0.99

100 Thoe, 1975 =652 pgrl
10 Thre, 1980 =91 pail 2
ae?
o®0

1.008 Qo Dec leyel =02 ugfl

Nefng lmit= 355 0 o

°°
. DU catpolrt ackgronnd) = 0.1 pgig creath e a%
g o
0o®
ceo
0.010¢ °°°°°
’ co000000000
o0? SHo il

° BSimpie|

o.m1 o T T T

Particlpants Ranked by Urine Uranium low tohigi)

<010 pfg creatinine (1=26)
P 010 pg/g creatinine (n=13)
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Renal Function Parameters (2001) Renal Function Parameters (2001) cont.
Low Uranium  High Uranium  Mann-
Low Uranium  High Uranium Mann - Group® Group’ Whi
Group Group’ Whitney Lahoratory test (normal range)  (mean* SE)  (meant SE)  Test (n)
Lahoratory test {normal range)  {meant SE) (meant SE) Test (p)
L Urine beta-2 microglobulin
Serum creatinine (0.51.1 mgfdL) 0.95+0.03 085+003 0.03 (0300 pugfg credining © 3553 £ 6.71 26.42 £7 46 078
Serumn uric acid (3.47 merdL) 5.04%0.23 585+ 0,51 045 Urice retind binding protsin
Serum calcivm (3.410.2 mg/dD) 9170006 9270137 047 (2610 pgfg creatinine) 4613346 GSERE1Ill 006
Serum PO4 (274.5 mg.df) 38240100 382X0148 D63 Utine creatinine (1.3 -2.6 /24 ho) 199 £0.11 214010 029
Urine calcium (100300 mgf24 hr) 183504 23.8 214 50% 263 0.35 Urine total protein
Urine P04 (0.41.3 g/24 br) 103£0008 11520107 040 (0923 mgie creatinine) 5463404 TEEDEL0 2 001
:< 0.10 pgfg creaﬁ.ni.ne (n=216) Y010 pg'g creatinine (n=26)
Z 010 pglg creatinine (n=13) =010 pg/g creatinine (n=13)
“n=16 for low wanium group and n=9 for high wranium group
Neuroendocrine and Thyroid Hormone
Neurocognitive Impairment Measures (2001) Parameters (2001)
Low Uranium  High Uranium Mann-
Low Uranium  High Uranium Mann- Grow® Gmupl’ Whitney
Group* Group Whitney rmal range + mean+
Lahoratory test (mean + 5E) (mean +5E) Test (p) Lahoratory test (no ) (wean: SE) ¢ *5E) Test®)
i - + +
Allac: Indexes &ecuracy 0.16 004 0.27+0.07 0133 ?S[D;?m;g'bg? ngfml.) 13'23; égg 1:'2?; S;j ggg
Aclict: [ndexes Speed 0144003 0144006 0826 (.9 ) 490, S1ED. :
Alitp: Index es Accuracy per Minute 012 £0.02 0.17 +0.06 0717 LH"(1.5-8.3 m[U/ml) 500+051 513104 043
MP3 Index 0.05+001 009 +0.04 0212 Testosterone (3-10 ng/red) 564+049 47T 2047 0.23
. . TSH® (0.49-4 67 WAl 1.99+0 24 228050 0.9
o S 0.10 pgf creatinine (p=26) Free thyrozine (0.7 1-1.85 ng/dL) 166+ 0.35 1.08+0.07  0.02
= 0.10 pgfg creatinine (r=13)
* < 0.10 pgfg creatinine (n=26)
® 2 0.10 pgfg creatinine (n=13)
“FSH, follicle - stinmlating hormone, LH, luteinizing hormone, TSH, thymoid-
stimulating hormone
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Semen Characteristics (2001)

Low Uranivm =~ High Ursnium  Mann -

Clinical p arameters Crowp® Growp® Whiiney
{normal range) {mean T5E} {mean 1 5E3} Test (p}
Diys &b stinerce (2 — 5 days) 4517 42+t0s 0820
5 emen Vohume (2-5ml) 26104 35t08 0187

§ perm C oneentmition(= 20 million/ml) 1028 128 6 2191 %705 0128

Total § perm Coant (=40 millicn) 241 6 Te8 4 0E6 2151 0.081
Percent Matile § perm (=50%) 516149 60.5£63 0638
Percent Progmes sive 5 perm

[WHO® Class & and B](=50%) 275432 257 %57 0766

Total Progms sive S perm
[WHO Class & and B](=20million) 792 +22.6
Percent Rapid Progressive S pemm

268 £583 0128

[WHO Class 4] (=25%4) 17627 183+25 0.588
Total Rapid Progressive Spemm
[WHO Class 4]0=10 million) s49t182 134.2 £40.5 0152

* 2 010 pgfg crestinine (r=16)
010 pgig creatinine (n=11)
WHO, Wodd Health Orgamization

Genotoxicity Parameters (2001)

Low Uranium

High Uranium Mann -

Group?

Lahoratory test (mean t SE(n))
Mean aberrationafcell 0.003 £0.001 (26)
IWean SCE untreated S07£03225
Meamn 3CE

wiBleomyrin 2 pgfml S342£0322%
Wean 3CE

wiBleomyrin 4 pgfml 631 £0.60 20
HPRT MF? 1087 £0097 (26)

Group Whitney
(mean * SE(n)) Test (p)
0.01 £0.004(13) 0.027
439 £0.37 (13 0199
595071 (11 0.663
530£042011) 0.197

19.84 £ 489 (13) 0.105

1010 pgfg creatinine
® 010 pg/g creatinine
© 3CE, sister chromatid ex change

dHPRT MF, hypox anthine phosphoribogy transferase mutation frequency

Radiation Dose Estimate
from Whole Body Counting

Nine veterans with whole body measurements
above background

Radiation dose estimates calculated using ICRP
30 Biokinetic model for U

0.01 to 0.11 rem#year

0.61 to 5.33 rem/50 years
Public dose limit: 0.1 rem/year
Occupational limit: 5 remfyear

Immunologic Markers (2001)

Low Uranium

High Uranium Mann -

Group* Gmuph Whitney
Lahoratory test (normal range) (mean * SE) (mean * SE) Test (p)
IGG (690-1400 mgdl) 123904 £68.13 1243 .46 £75.46 0.2

19900 £16.33
11019 £12.03

I A (38-410 mg.dL)
IGN (34-210 mafdLl)

Complement C3 (75-140 mgrdl)® 12632 4566
Complement C4 (10 -34 mgfdL) © 24522147
C-reactive proten ne1ton4

192,69 £2466 0.95
96.85 £1003 0.7e

12385 £820 0.56
26.62 £217 0.39
0951003 0.76

b0 010 pgfg ereatitine (n=26)
® =010 pgfg creatinine (r=13)
M for low wrasium group, 25
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m Katherine Squibb, PhD

= Susan Engelhardt, RN, MM
n Marc Oliver, RN, MPH

m Patricia Gucer, FhD

= Craig Thorne, MO, MPH

n Robert Kane, PhD

m Michael Kabat, PhD

= John Ejnik, PhD

n Melissa McDiarmid, MO, MPH=

Depleted Uranium Follow-Up
Program Collaborators

Rokbert Cuoua, PhD
Barbara Curbow, PhD
Larry Andersan, PhD
Dennis Hoover, PhD
Richard Albertini, MD
Bruce Kaup, MD

Lawrence Brown, MD
David Jacobson-Kram, PhD
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