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Abstract
The purpose of this study was to determine the concentration and ratio of four 

uranium isotopes (234U, 235U, 236U, 238U) in urine samples of the civilians in 
southeastern Afghanistan.

Five male subjects from Nangarhar province with reported inhalation of dust 
during the bombing operations in June, 2002 and presenting with symptoms of 
headaches, fever, fatigue, musculoskeletal and neurological alterations, and 
respiratory impairment had their 24-hour urine samples collected under controlled 
conditions and analyzed in duplicate for uranium isotopes by multicollector 
inductively coupled plasma ionization mass spectrometry (MC-ICP-MS).

The analytical methodology involved pre-concentration of the uranium using 
co-precipitation and/or evaporation, oxidation of organic matter, ion exchange 
chromatography, and mass spectrometry using a double focusing Thermo-
Elemental Plasma54 multi-collector ICP-MS equipped with a Daly detector for ion 
counting.  Analytical blank controls had insignificant concentrations (< 50 pg) of 
uranium compared to sample concentrations, and chemical recovery was > 80% in 
most cases.  A urine internal standard (with c. 12 ng/L uranium) of natural 
isotopic composition (atomic ratio 137.88 for 238U/235U) and certified isotopic 
standards of uranium, analyzed by the same methodology, both returned the 
correct values for the standards.

The 238U/235U and 234U/238U ratios for the urine samples were consistent with 
natural uranium with values of 137.86 ± 0.25 and 0.000055 ± 0.000001 respectively.  
236U was not detected (measured 234U/238U < 10-7).  The five samples, repeatedly 
analyzed in 3-4 series, had a mean concentration of uranium of 317.67 ± 65.57 ng/L 
which is considerably greater than normal values of 1-20 ng/L.  Our results 
demonstrate an excessive concentration of uranium isotopes in the body internal 
environment of Afghan civilians consistent with a natural uranium source of 
contamination significantly higher than the geographic and environmental 
worldwide range.

Possible explanation of our findings could be the exposure to uranium isotopes 
in localized areas as a result of weapons containing natural uranium or exposure to 
excessively high levels of uranium contained in drinking water or soil by highly 
unlikely geological conditions.  Our current investigations are attempting to 
further test these hypotheses.

Introduction
The recent military conflicts in Iraq, the Balkans, and Afghanistan are a subject 

of sustained controversy about the hazards of internal contamination with 
depleted uranium and its role in the non-specific symptomatology of contaminated 
military personnel and the civilian population known as Gulf War disease.  Our 
model of differential decay analysis of the alpha-dose of depleted uranium recently 
postulated a pulmonary neoplastic risk in the lungs of Gulf War veterans1.  While 
natural uranium has the same chemical toxicity as depleted uranium its 
radiotoxicity is higher due to 235U content.  Since the inhalational pathways of 
uranium isotopes in the form of radioactive dust is the most likely radiological risk 
with the oxidized non-soluble particles retained in the respiratory tree and the 
paratracheal lymph nodes, the impact of the environmental contamination with 
uranium isotopes may present both chemical and radiological risks in the target 
organs by both soluble and insoluble uranium compounds.  Natural uranium 
chemical and radiological toxicity has been documented for over one hundred 
years.  Recent studies confirm the elevated concentration of uranium isotopes in 
the urine of workers in the uranium industry2.  The most recent studies by mass 
spectrometry have confirmed the presence of depleted uranium in the military 
personnel in Iraq and after Gulf War 13.  In our current work we have analyzed the 
concentration and isotopic ratios of uranium in the soil, water, and urine of the 
civilian population of southeastern Afghanistan after Allied Forces bombing raids 
in June 2002.

Materials and Methods
Five randomly-selected male civilians from the Jalalabad area, Nangarhar 

province of southeastern Afghanistan, presenting with non-specific symptoms of 
fatigue, fever, musculoskeletal pain, headaches, respiratory impairment, and 
neurologic alterations after the inhalation of dust during the bombing raids in 
June, 2002 participated in the study.  All subjects signed an informed consent and 
had their urine sample collected under controlled conditions.  All samples were 
analyzed in duplicate for the concentration and precise isotopic compositions and 
ratios of four uranium isotopes (234U, 235U, 236U, 238U) by multi-collector 
inductively-coupled plasma ionization mass spectrometry (MS-ICP-MS).  Control 
samples consisting of an internal urine standard were analyzed by the same 
method.  The isotopic analysis of uranium involved the chemical extraction and 
purification from the urine sample with added uranium tracer.  The final analysis 
was performed by multi-collector ICP-MS mass spectrometry using faraday cups 
and an ion-counting detector.  The chemical procedure involved co-precipitation of 
the urine sample with uranium separated and purified after addition of 233U 
tracer.  All samples were separated and washed by multiple centrifugations, wet-
ashed with concentrated HNO3 and H2O2 until all of the organic material was 
eliminated.  The residue was redissolved and actinides were isolated after removal 
of other elements in the Eichrom UTEVA resin column.  The sample was further 
redissolved in HNO3, evaporated, and analyzed by mass spectrometry, using a 
VGP54 ICP mass spectrometer with a nebulizer and an array of multiple faraday 
cups.  The limits of detection for total uranium and the lowest reportable 
concentration were about 0.1 ng/L.  

Results
The isotopic abundance of 234U, 235U, 236U, and 238U is presented in table 1.  

There is very little variation between the individual samples for both 235U and 
238U.  The average percent concentration of 238U of 99.27 ± 6.08 x 10-4 and 235U of 
0.72 ± 5.81 x 10-4 is consistent with natural uranium.  Control values are in the 
same range at 238U/235U of 99.27 and 0.72 respectively.  The isotopic abundance for 
234U averaged 5.47 x 10-3 percent , the same order of magnitude as the control.  The 
concentration of 236U is negligible at 4.82 x 10-6 percent.  236U was barely above the 
instrument detection limits.  The isotopic ratios 238U/235U of 137.86 ± 0.11 and 
234U/238U 5.48 x 10-5 ± 2.53 x 10-7 are consistent with natural uranium and do not 
differ from the control values (table 2).  The total uranium concentration of 317.67 ± 
65.57 ng/L however is significantly above the control value of 11.88 ng/L (table 3).  
Our values have also been compared with the USA National Center of 
Environmental Health (NCEH) with average concentration of 7 ng/L4, a British 
control of 1.3 ng/L and an Afghan control of 9.4 ng/L.  The results are also 
consistently in excess of the average values of the European Interlaboratory 
Comparison of unexposed persons with the range 0.8-5.3 ng/L5.  Our analysis of 
drinking water in the same area of Afghanistan reveals the values of 38,277 ng/L.  
This is in excess of the World Health Organization recommended drinking water 
standard of 2000 ng/L6.  The soil sample analysis had the range of 2.3 to 18.6 
mg/kg, which is higher in comparison to the world average of 1.8 to 3 mg/kg.

Discussion
The inadvertent internal contamination with uranium isotopes by industrial 

accidents or more recently by military conflicts has been associated with its 
chemical and radiological toxicity.  Parenteral administration of hexavalent 
uranium compounds with the minimal dose of 0.1 mg U/kg of body weight 
produces renal morphological and functional alterations.  Relatively soluble 
compounds of uranium may cause significant renal damage, while inhalational 
data confirms toxic effects of uranium dust with the retention of insoluble oxides in 
the lungs and extrapulmonary sites such as the tracheobronchial lymph nodes7.  
Uranium induced pulmonary neoplasms are well-documented in experimental 
animals exposed to UO2 inhalation, particularly interesting in the canine model 
which rarely develops spontaneous pulmonary tumors.  Recent studies of the 
carcinogenic risk of depleted uranium in the lungs of Gulf War veterans reported 
the inhalational exposure of 1.54 mg at time-zero with an alpha-radiation dose of 
4.4 milliSievert (mSv) during the first year and 22.2 mSv in ten years, which 
exceeds the maximum permissible inhalational dose of 1 mSv/year (1).  Our 
present study indicates an excess in the urinary concentration of soluble uranium 
compounds in the urine of the contaminated civilian population of southeastern 
Afghanistan which can only partly relate to the excess of uranium in drinking 
water compared to the Environmental Protection Agency recommended standards 
of 20 micrograms per litre.  The exposure to uranium dust inhalation containing 
nonsoluble uranium oxide ceramic particles and the pathological consequences in 
the respiratory system of the exposed population require dedicated 
interdisciplinary studies for further information of uranium in the biosphere and 
the human population.  Whereas some areas of central Asia in the recent reports 
contain higher concentration of uranium up to a factor of ten above the normal 
limits, such as the southern shores of Issyk-Kyol Lake in Kirgizistan associated 
with uranium mining and processing8, our findings of the elevated water, soil, and 
urine concentration of uranium in southeastern Afghanistan are from the regions 
with non-existing uranium industry sites.

Conclusion
Our results demonstrate that contamination of the soil, water, and civilian 

population of southeastern Afghanistan with the sources consistent with natural 
uranium has resulted in total uranium of up to six times normal levels in the soil.  
The concentration of uranium in drinking water of 23,599 ng/L, as an average 
value in our study, relates to the considerable worldwide variations of 50 - 20,000 
ng/L, rendering our results less than conclusive in interpretation of the high 
concentration of uranium in urine.  The average urinary concentration of uranium 
in our study was 9-50 times above the control values of southeastern Afghanistan 
and normal values of USA National Center for Environmental Health.  The 
interpretation of our findings may be explained by the contamination of the 
environment and biosphere as a consequence of the bombing raids during 
Operation Enduring Freedom or highly unusual geological conditions in 
southeastern Afghanistan.  Our current studies are in progress. 
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Table 1
Isotopic Abundance

Average

Subject % 238U % 235U % 234U % 236U

SD

SE

Control

3

5

4

2

1 99.2732

99.2757

99.2727

99.2750

99.2756

99.2745

1.36 x 10-3

6.08 x 10-4

99.2702

0.7212

0.7189

0.7217

0.7196

0.7190

5.49 x 10-3

5.39 x 10-3

5.51 x 10-3

5.41 x 10-3

5.41 x 10-3

3.67 x 10-6

6.63 x 10-6

9.53 x 10-6

8.84 x 10-7

2.16 x 10-7

Table 2
Isotopic Ratios

Average

Subject 238U / 235U Sigma 234U / 238U Sigma

SD

SE

Control

3

5

4

2

1 137.65

138.09

137.54

137.95

138.08

137.86

0.25

0.11

137.49

0.07

0.09

0.09

0.07

0.07

5.53 x 10-5

5.43 x 10-5

5.55 x 10-5

5.45 x 10-5

5.45 x 10-5

6.33 x 10-7

6.21 x 10-7

6.83 x 10-7

5.94 x 10-7

5.87 x 10-7

Table 3
Total Uranium Concentration

Average

Subject

SD

SE

Control

3

5

4

2

1

317.67

146.61

65.57

11.88

128.97

477.88

453.26

247.06

281.21

Uranium ng/L

1.47 7.72 x 10-5 2.16 x 10-5

5.48 x 10-5

5.66 x 10-7

2.53 x 10-7

0.7220 7.66 x 10-3 8.42 x 10-5

0.7201

1.30 x 10-3

5.81 x 10-4

5.44 x 10-3

5.61 x 10-5

2.51 x 10-5

4.19 x 10-6

3.92 x 10-6

1.75 x 10-6
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GWV - Gulf War veterans
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Afghan OEF - Afghan subjects after Operation Enduring Freedom

Collection of water samples from a village wellLabeling of sample containers Collection of water samples from the village culvert

Soil sample collection from a bomb crater near Jalalabad

Soil sample collection from a bombed military base (left) and a marble factory (right)


