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QUANTITATIVE ANALYSIS OF URANIUM
ISOTOPES IN BRITISH, CANADIAN, AND
UNITED STATES GULF WAR VETERANS




The Objective of the Study

To determine the quantities and ratios of
uranium isotopes in the urine and organs of the
Gulf War Veterans exposed to depleted uranium

(DU) by the inhalational route of internal
contamination.



Patients and Methods

Sixteen British, Canadian, and United States
veterans presenting with complex non-specific
clinical symptomatology of the Gulf War
Illness had their 24hrs urine samples
quantitatively determined for 234U, 23°U, 236U,
and 238U by the method of mass spectrometric
analysis.



Radiochemical Analysis

m[he urine samples were collected and
transported under controlled circumstances in
sealed plastic vials, weighed into savillex-
teflon screw-cap jars (15ml) and evaporated
to dryness at 80-100 degrees C.

mAll samples were repeatedly evaporated
three times after the addition of 4ml of double
distilled concentrated nitric acid.




mEach sample was separated into an
isotopic concentration and isotopic dilution
fraction, by adding 3.1N hydrochloric acid
to each sample.

mHalf of each sample was transferred to
the savillex-teflon jar (7ml) & accurately
weighed.




Mass Spectrometry

mUranium was separated and collected in
both fractions after ion exchange preparation
with DOWEX analytical grade AGL-X8 ion
exchange resins with a modified HBr
technique.




m [ he isotopic composition was
measured by a multi-collector finnigan

MA

262 thermal ionization mass

spectrometer using secondary electron
multiplier (SEM) detector and ion

counting system.

m[he uranium blank control has been
determined to be 0.45 picograms and
960U standard, measured by the same

procedure.



Original Results of Urine
Analysis

The isotopic composition:
m DU present in 9/16 samples
238> 99,5%
235J <0.45%
m The average ratio
238 [ 235U >244.4




m[he results confirm the definitive presence
Of 234U > 0.0042%
And 23U > 0.0058%




Modified Results of Urine
Analysis

The isotopic composition:
m DU present in 9/16 samples
238 > 99.47%
235 < 00.52%
m The average ratio
238 [ 235U > 177.76



m The results confirm the definitive presence
Of 234U > 0.0065%
And 23°U > 0.0046%




Table 1 |
Quantitative Data for Individual Samples
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TABLE 2
Standard Deviation for Isotopic Concentrations

in_Individual Samples
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TABLE 3
Standard Error for Isotopic Concentrations in

Individual Samples
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Table 4

Quantitative Data for Positive Samples

No. Patient 23%U 235 234 236 2381235,
2 R.B. 99.3266 0.6584 0.0079 0.0071 150.87
5] R.G.D. 99.3154 0.6758 0.0070 0.0019 146.97
8 KI.M. 99.4280 0.5663 0.0041 0.0016 175.58
9 T.R. 99.5564 0.4346 0.0032 0.0057 229.10
11 S.R. 99.5603 0.4304 0.0031 0.0062 231.30
12 F.S. (A) 99.5780 0.4119 0.0025 0.0074 241.80
14 V.S, 99.7113 0.2830 0.0016 0.0043 352.30
15 AW. 994862 0.4966 0.0081 0.0041 200.34
16 RW. 99.3025 0.6825 0.0115 0.0036 145.52



Table 5 |
Quantitative Data for Negative Samples

Patient

B.B.
P.C.
C.C.
M.K.
C.P.L.
P.R.

238U

99.2742
99.2622
99.2738
99.2762
99.2702
99.2742

F.S. (B) 99.2693

235U

0.7076
0.7205
0.7113
0.7152
0.7200
0.7189
0.7189

234U

0.0096
0.0090
0.0077
0.0080
0.0075
0.0088
0.0076

236U

0.0085
0.0083
0.0072
0.0007
0.0023
0.0011
0.0042

238Ul 235U

140.29
137.77
139.56
138.80
137.90
138.09
138.09



DU Shrapnel Analysis

238U 235U 234U 236U

99.7950 0.2030 0.0120 0.0017/




Table 6
Isotopic Composition of the Shrapnel, Natural

Uranium, and Urine Specimens

238U 235U 234U 236U

Sample

Natural
Uranium
Shrapnel

(DU)

Urine 99.3853 0.6032 0.0065 0.0046

99.2739 0.7200 0.0057 0.0000

99.7950 0.2030 0.0120 0.0017




Isotopic Ratio |

238U /236U 236U /238U

Natural
Uranium 0.000000 0.000000
Shrapnel (DU) 58702.94 0.000017

Urine 36693.19 0.000046




Table 8 |
Ratio of Uranium Isotopes

238U l235U 235U /238U
Natura! 137.88 0.0073
Uranium
Shrapnel (DU) 491.60 0.0020

Urine 177.76 0.0061




Table 9
Ratio of Uranium Isotopes in Individual

Samples
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Table 10 |
DU Fraction in Individual Samples
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Autopsy Specimens

Autopsy specimens

Of the liver, lung and bone tissue were analyzed
in one deceased veteran.

m Lung and liver contained values of natural
uranium

m[he bone samples contained the percentages
and ratios of DU (147.5-148.1) with a definite
presence of 23¢U,




Table 11 |
Autopsy Specimens

Sample 238U 235U 234U 236U U238 / U235Ratio

Lung 99.2348 0.6932 0.0370 0.0351 143.20
Liver 99.2792 0.7082 0.0028 0.0098 140.20

Bone 99.3220 0.6718 0.0052 0.0010 147.80




Table 12 |
DU Fraction in Urine and Bone Sample

Sample DU Fraction

Urine 21.50

Bone 9.32




TABLE 13

Uranium Gravimetric Determination
In 24 hours of sampling

No. Patient Upg/g Upg/~100g

3 P.C. 7.18 734.78

5 R.G.D. 13.07 1290.24

6 M.K. 2.77 304.77

7 C.P.L. 0.20 22.10

8 K.I.M. 2.77 304.77
10 P.R. 5.21 1452.98
11 S.R. 77.96 7813.53
13 F.S. (B) 162.49 10745.42

15 AW. 4.36 403.86




URANIUM CONCENTRATION IN MAN

DAILY URINARY ESTIMATED BODY
EXCRETION (in mg) CONTENT (in mg)
UK 0.380 100
USA 0.154 80
UK - Hamilton E.l: Nature 227, 501-502. 1970.
USA - Welford G.A., Baird R., Fisenne |.M.: Annual

Bioassay and Analytical Chemistry Conf.
Bethesda MD, 1970.



Mechanism of Decorporation from the
Target Organ,
Isoionic Heteroisotopic Exchange




Conclusion

The results demonstrate a significant
presence of DU in the urine samples
and skeletal tissue of the Gulf War
Veterans nine years after inhalational
exposure and warrants further
iInvestigation.






