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MINIMAL RISK LEVEL (MRL) WORKSHEET

Chemical Name:  Uranium (insoluble forms)
CAS Numbers: Multiple

Date: July 2012

Profile Status: Draft 2, Postpublic Comment

Route: [X] Inhalation [ ] Oral

Duration: [ ] Acute [ ] Intermediate [X] Chronic
Graph Key: 92

Species: Monkey

Minimal Risk Level: 0.0008 [ ] mg/kg/day []ppm [X] mg/m’

Reference: Leach LJ, Maynard EA, Hodge HC, et al. 1970. A five-year inhalation study with natural
uranium dioxide (UQO,) dust. I. Retention and biological effects in the monkey, dog, and rat. Health
Physics 18:599-612.

Leach LJ, Yuile CL, Hodge HC, et al. 1973. A five-year inhalation study with natural uranium dioxide
(UO,) dust. II. Postexposure retention and biologic effects in the monkey, dog, and rat. Health Physics
25:239-258.

Experimental design: Rhesus monkeys (5 males, 20 females) were exposed to 5.8 mg/m’ uranium
dioxide (5.1 mg U/m’) 5.4 hours/day, 5 days/week for 5 years; the mass median particle diameter was
1.03 um with a geometric standard deviation of 2.40. Another group of one male and five female
monkeys served as controls. Groups of 1-2 monkeys were killed after 1 day, 4 days, 15 days, 1 month,

2 months, 3 months, 5 months, 1 year, 1.5 years, 1.8 years, 1.9 years, 3.6 years, 4.1 years, or 4.7 years;
two monkeys were killed at 5 years. Six monkeys were observed for 6.5 years after exposure termination;
two were killed after 12 months, one after 6 years, and three after 6.5 years; the results of the recovery
period examinations were reported in Leach et al. (1973). The following parameters were used to assess
toxicity: general health, body weight, peripheral hematology, blood NPN levels, and histopathology of
major tissues and organs. No uranium dioxide-related deaths were observed.

Effect noted in study and corresponding doses: No alterations in body weight, hematological parameters,
or blood NPN levels were found. Histological alterations were limited to the lungs and tracheobronchial
lymph nodes. After 2-3 months of exposure, granular black pigment accumulations were found in the
lungs and tracheobronchial lymph nodes. After 3.6 years of exposure, slight fibrosis was observed in the
lungs and hyaline fibrosis was observed in the tracheobronchial lymph nodes; the severity of the fibrosis
increased with exposure duration and was not observed in the controls. Fibrosis was still present in the
lungs and tracheobronchial lymph nodes 6.5 years postexposure.

Dose and end point used for MRL derivation:

[ ] NOAEL [X] LOAEL

The study identified a LOAEL of 5.1 mg U/m’ for fibrosis in the lungs and tracheobronchial lymph
nodes; BMD modeling was not used due to the small number of animals sacrificed at each time period.

Uncertainty Factors used in MRL derivation:

[x] 10 for use of a LOAEL
[x] 10 for extrapolation from animals to humans
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[x] 10 for human variability

Was a conversion factor used from ppm in food or water to a mg/body weight dose? Not applicable.

If an inhalation study in animals, list conversion factors used in determining human equivalent
concentration: Human equivalent values were not calculated because regional deposited dose ratios are

not available for monkeys (EPA 1994d). The LOAELAp; was used as the point of departure with an
uncertainty factor of 10 for extrapolation from animals to humans.

Was a conversion used from intermittent to continuous exposure? The LOAEL was adjusted for
intermittent exposure:

LOAELp; = (5.1 mg U/m®) * (5.4 hours/24 hours) * (5 days/7 days) = 0.82 mg U/m’

Other additional studies or pertinent information that lend support to this MRL: There are limited data
available to assess the toxicity of chronic exposure to insoluble uranium compounds. Slight to mild renal
tubular degeneration was observed in dogs exposed to 10 mg U/m’ as uranium dioxide for 1 year
(Stokinger et al. 1953); no alterations were observed at 1 mg U/m’. Although several tissues were
examined histologically, significant alterations were only noted for the kidneys. Stokinger et al. (1953)
also exposed rats to 1 or 10 mg U/m’ as uranium dioxide, but no uranium-related alterations were
observed. In a second chronic duration study, no adverse effects were observed in rats or dogs exposed to
5.1 mg U/m’ as uranium dioxide for 1-5 years (Leach et al. 1970). However, fibrosis in the
tracheobronchial lymph nodes and fibrosis and metaplasia in the lungs were observed in dogs during a
6.5-year postexposure period (Leach et al. 1973). In monkeys, exposure to 5.1 mg U/m’ resulted in lung
fibrosis beginning after 3.6 years of exposure (Leach et al. 1970); the severity of the fibrosis increased
with exposure duration. Fibrosis was also present in the lungs and tracheobronchial lymph nodes in
monkeys sacrificed during the 6.5-year postexposure period (Leach et al. 1973). The investigators noted
that the fibrosis may have been a radiotoxic effect based on the magnitude of the radiation dose, the
absence of renal effects, and the similarity of the lesions to those observed following exposure to
plutonium dioxide; the alpha-radiation tissue doses were >500 rad (5 Gy) for the lungs and 7,000 rad

(70 Gy) for the lymph nodes. However, it is unclear whether the damage was chemically or
radiologically induced (or both); similar degenerative effects in the lungs have also been observed
following prolonged exposure to diverse inorganic dusts. An elevation of blood nonprotein nitrogen level
was also observed in the monkeys during the postexposure period, but no histological alterations were
observed in the kidneys (Leach et al. 1973).

Agency Contacts (Chemical Managers): Sam Keith, Obaid Faroon, Nickolette Roney, Franco
Scinicariello, Sharon Wilbur



	DISCLAIMER
	UPDATE STATEMENT
	FOREWORD 
	QUICK REFERENCE FOR HEALTH CARE PROVIDERS
	CONTRIBUTORS
	PEER REVIEW
	CONTENTS
	LIST OF FIGURES
	3-1  Levels of Significant Exposure to Uranium – Inhalation
	3-2  Levels of Significant Exposure to Uranium – Oral
	3-3  Conceptual Representation of a Physiologically Based Pharmacokinetic (PBPK) Model for a Hypothetical Chemical Substance
	3-4  Respiratory Tract Compartments in Which Particles May be Deposited
	3-5  Environmental Pathways for Potential Human Health Effects from Uranium
	3-6  The Human Respiratory Tract Model:  Absorption into Blood
	3-7  Structure of the Human Alimentary Tract Model (HATM)
	3-8  Biokinetic Model for Uranium after Uptake to Blood
	3-9  Multicompartmental Model for Uranium after Uptake to Blood
	3-10  Multicompartmental Model
	3-11  Existing Information on Health Effects of Uranium
	5-1  Uranium Ore Processing
	6-1  Frequency of NPL Sites with Uranium Contamination
	6-2  Environmental Pathways for Potential Human Health Effects from Uranium
	6-3  Average Uranium Concentrations in Drinking Water for States Where Concentration Exceeds 1 pCi/L

	LIST OF TABLES
	2-1  Renal Effects Following Intermediate-Duration Inhalation Exposure to Insoluble Uranium Compounds
	2-2  Renal Effects Following Intermediate-Duration Inhalation Exposure to Soluble and Poorly Soluble Uranium Compounds
	3-1  Levels of Significant Exposure to Uranium – Inhalation
	3-2  Levels of Significant Exposure to Uranium – Oral
	3-3  Levels of Significant Exposure to Uranium – Dermal
	3-4  Summary of Significant Observations in Studies of a Cohort of Gulf War Veterans Exposed to Depleted Uranium
	3-5  Genotoxicity of Uranium In Vivo
	3-6  Genotoxicity of Uranium In Vitro
	3-7  Reference Respiratory Values for a General Caucasian Population at Different Levels of Activity
	3-8  Reference Values of Parameters for the Compartment Model to Represent Time-dependent Particle Transport from the Human Respiratory Tract
	3-9  Sensitivity and Calculated Transfer Coefficients (d-1)
	4-1  Chemical Identity of Uranium Metal
	4-2  Physical and Chemical Properties of Selected Uranium Compounds
	4-3  Percent Occurrence and Radioactive Properties of Naturally Occurring Isotopes of Uranium
	4-4  235U and 238U Decay Series Showing Sources and Decay Products
	5-1  Uranium Ores
	5-2  Uranium Production in the United States by Uranium Mills and Other Sources
	5-3  Uranium Mining Production, 1985–2009
	5-4  Import of Uranium and Compounds (in kg) into the United States (1990–1998)
	5-5  Export of Uranium and Compounds (in kg) (1990–1998)
	5-6  Foreign Purchases and Foreign Sales of Uranium (kg U3O8 Equivalent) by U.S. Suppliers and Owners and Operators of U.S. Civilian Nuclear Power Reactors, 1994–2009
	6-1  Normalized Uranium Effluent Discharges from Uranium Mining, Milling, Conversion, Enrichment, and Fuel Fabrication
	6-2  Uranium in Airborne Particles (Composites)
	6-3  Uranium in Drinking Water (Composites)
	6-4  Uranium Analyses of Select Precipitation Composite Samples March–May 1996
	6-5  Uranium in Rocks and Soils
	6-6  Concentrations of Uranium in Some Foods
	6-7  Geometric Mean and Selected Percentile of Urinary Concentrations of Uranium (µg/g Creatinine) for the U.S. Population from the National Health and Nutrition Examination Survey (NHANES)
	6-8  Geometric Mean and Selected Percentile of Urinary Concentrations of Uranium (µg/L) for the U.S. Population from the National Health and Nutrition Examination Survey (NHANES)
	6-9  Urinary Levels of Uranium in Individuals Exposed through Military Use of Depleted Uranium
	7-1  Analytical Methods for Determining Uranium in Biological Samples
	7-2  Analytical Methods for Determining Uranium in Environmental Samples
	7-3  Additional Analytical Methods for Determining Uranium in Environmental Samples
	8-1  Regulations, Advisories, and Guidelines Applicable to Uranium

	1.  PUBLIC HEALTH STATEMENT FOR URANIUM
	2.  RELEVANCE TO PUBLIC HEALTH
	2.1   BACKGROUND AND ENVIRONMENTAL EXPOSURES TO URANIUM IN THE UNITED STATES
	2.2   SUMMARY OF HEALTH EFFECTS 
	2.3   MINIMAL RISK LEVELS (MRLs)

	3.  HEALTH EFFECTS
	3.1   INTRODUCTION 
	3.2   DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE 
	3.2.1   Inhalation Exposure 
	3.2.1.1   Death 
	3.2.1.2   Systemic Effects 
	3.2.1.3   Immunological and Lymphoreticular Effects 
	3.2.1.4   Neurological Effects 
	3.2.1.5   Reproductive Effects 
	3.2.1.6   Developmental Effects 
	3.2.1.7   Cancer 

	3.2.2   Oral Exposure 
	3.2.2.1   Death 
	3.2.2.2   Systemic Effects 
	3.2.2.3   Immunological and Lymphoreticular Effects 
	3.2.2.4   Neurological Effects 
	3.2.2.5   Reproductive Effects 
	3.2.2.6   Developmental Effects 
	3.2.2.7   Cancer 

	3.2.3   Dermal Exposure 
	3.2.3.1   Death 
	3.2.3.2   Systemic Effects 
	3.2.3.3   Immunological and Lymphoreticular Effects 
	3.2.3.4   Neurological Effects 
	3.2.3.5   Reproductive Effects 
	3.2.3.6   Developmental Effects 
	3.2.3.7   Cancer 

	3.2.4   Other Routes of Exposure 

	3.3   GENOTOXICITY 
	3.4   TOXICOKINETICS 
	3.4.1   Absorption 
	3.4.1.1   Inhalation Exposure 
	3.4.1.2   Oral Exposure 
	3.4.1.3   Dermal Exposure 

	3.4.2   Distribution 
	3.4.2.1   Inhalation Exposure 
	3.4.2.2   Oral Exposure 
	3.4.2.3   Dermal Exposure 
	3.4.2.4   Other Routes of Exposure

	3.4.3   Metabolism 
	3.4.4   Elimination and Excretion 
	3.4.4.1   Inhalation Exposure 
	3.4.4.2   Oral Exposure 
	3.4.4.3   Dermal Exposure 
	3.4.4.4   Other Routes of Exposure 

	3.4.5   Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models 

	3.5   MECHANISMS OF ACTION 
	3.5.1   Pharmacokinetic Mechanisms 
	3.5.2   Mechanisms of Toxicity 
	3.5.3   Animal-to-Human Extrapolations 

	3.6   TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS 
	3.7   CHILDREN’S SUSCEPTIBILITY 
	3.8   BIOMARKERS OF EXPOSURE AND EFFECT 
	3.8.1   Biomarkers Used to Identify or Quantify Exposure to Uranium
	3.8.2   Biomarkers Used to Characterize Effects Caused by Uranium

	3.9   INTERACTIONS WITH OTHER CHEMICALS 
	3.10   POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE 
	3.11   METHODS FOR REDUCING TOXIC EFFECTS 
	3.11.1   Reducing Peak Absorption Following Exposure 
	3.11.2   Reducing Body Burden 
	3.11.3   Interfering with the Mechanism of Action for Toxic Effects 

	3.12   ADEQUACY OF THE DATABASE 
	3.12.1   Existing Information on Health Effects of Uranium
	3.12.2   Identification of Data Needs 
	3.12.3   Ongoing Studies 


	4.  CHEMICAL, PHYSICAL, AND RADIOLOGICAL INFORMATION
	4.1   CHEMICAL IDENTITY 
	4.2  PHYSICAL, CHEMICAL, AND RADIOLOGICAL PROPERTIES 

	5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL
	5.1   PRODUCTION
	5.2   IMPORT/EXPORT 
	5.3   USE 

	6.  POTENTIAL FOR HUMAN EXPOSURE
	6.1   OVERVIEW 
	6.2   RELEASES TO THE ENVIRONMENT 
	6.2.1   Air 
	6.2.2   Water 
	6.2.3   Soil 

	6.3   ENVIRONMENTAL FATE 
	6.3.1   Transport and Partitioning 
	6.3.2   Transformation and Degradation 
	6.3.2.1   Air 
	6.3.2.2   Water 
	6.3.2.3   Sediment and Soil 


	6.4   LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT 
	6.4.1   Air 
	6.4.2   Water 
	6.4.3   Sediment and Soil 
	6.4.4   Other Environmental Media 

	6.5   GENERAL POPULATION AND OCCUPATIONAL EXPOSURE 
	6.6   EXPOSURES OF CHILDREN 
	6.7   POPULATIONS WITH POTENTIALLY HIGH EXPOSURES 
	6.8   ADEQUACY OF THE DATABASE 
	6.8.1   Identification of Data Needs 
	6.8.2   Ongoing Studies 


	7.  ANALYTICAL METHODS
	7.1   BIOLOGICAL MATERIALS 
	7.1.1   Internal Uranium Measurements 
	7.1.2   External Measurements 

	7.2   ENVIRONMENTAL SAMPLES 
	7.2.1   Field Measurements of Uranium
	7.2.2   Collection of Environmental Samples
	7.2.3   Laboratory Analysis of Environmental Samples 

	7.3   ADEQUACY OF THE DATABASE 
	7.3.1   Identification of Data Needs 
	7.3.2   Ongoing Studies 


	8.  REGULATIONS, ADVISORIES, AND GUIDELINES
	9.  REFERENCES
	10.  GLOSSARY
	APPENDIX A.  ATSDR MINIMAL RISK LEVELS AND WORKSHEETS
	APPENDIX B.  USER'S GUIDE
	APPENDIX C.  ACRONYMS, ABBREVIATIONS, AND SYMBOLS
	APPENDIX D.  OVERVIEW OF BASIC RADIATION PHYSICS, CHEMISTRY, AND BIOLOGY
	APPENDIX E.  INDEX



