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Y SUMMARY

The use of ¢epleted wranmium (DU) in new progroms or facilities con intrg-
duce new hazards to health and safety specialists, particularly thuse uns
familiar with basic radiological protection. It 1§ incorrect to assume that
these hazards originate exclusively from radiological properties; chemice)
properties must also be evaiuated. This report describes the dangers of exe
terngl irrodiation, interndl toxicity, and flammability associuted with DU.

During DU handling operations, indiviguals uay be exposed to beta
particle and photon radiation fields. Due to the large duse contributed
by beta perticles, particular attention should be directed to preventing
excessive . oses to the sensitive basal cpithelium of the hands. A 900d
estimate of the contact dose from a slab of DU is 235 wrad/hr. iRowever, the
useé of hcavy leather or rubber gloves can reduce hand doses.

Inhalation of dupleted uranium compounds presents the predowinant ine
ternal toxicity hacard for occupational workers, For soluble compounds,
which are rapidly translocated from the lung into the circulatory system,
guidelines for allowable intake uriginate from the DU levels at which toxi-
¢city occurs in the kidney, The upper 'imit for soluble DU serosols is
200 49 U/m>.

When insoluble DU compounds are deposited in the lung, excessive lung
frradgiation is the primary concern. Lung doses are dependent on the resie
dence time of DU in the lung. Unfortunately, discrepancies between labora-
tory and occupationally derived data can complicate the evaluation of an
exposure hazard, leading to 2 need for separate analyses of each situation,
An occupationa) upper limit for insoluble DU in the air is 1 x 10"0 uCi/cc.

Since large masscs of compact metal are relatively inert, with oxida-
tion usually confined to the outer surfoces, the fire hazards of uraniuw
metal components are typically associated with the pyrophoric niture of
smd1l fragments. Noragueous acents are preferred for extinnuishing uranium
{*res L0 avold uranfum hydride production and vigorous steaw = urdniwi inters
action.
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AN OVERVICW OF THL HAZARDS ASSOCIATLD WiV DLFLETLD URANIUM

INTRODUCT 10N

In the natura) cnvironment, urdanfum cxists as o composition of three
Jrtmary 1sotopes, 2%, 43y gna 4y
similar, these isotupes possess different nuclear properties, and the ratio
in which they occur strongly influences haeard appraisals. Consequlnt1y$
comparisens of the hozards of natura) uranium with other, artificallys

produced 1sotopic conpusitions will depend on the relative abundance of .

. W Te phystcaily and chenically

the three 1sotopes.

A by-product of the 235, enrichment process, depleted uranium (LU)

consists of a8 larger percentage of 238u and lesser percentages of 235U

and 234u than naturel uranium, The nonnuclear industry has advantageously
used DU becausc of 1ts high-density heavy metal propertics. This has
placed large amounts of DU into programs where the specific hazards asso-
clated Qith uranium are not recognized.

:
An accurate hazard evaluation of uranium compounds depends on the'r ;
chenica) forms and 1;0topic compositions, Therefore, nonnuclear programs '
utilizing Du have 4ifferent hazards from those of the nuclear industry, |
which uses enrichcd uranium, This report identifies the general hazards ‘ |
and inf)uencing factors associated with DU uses. These hazards are classi-
fied as externa) radiation exposure, internal toxicity, ond flammability,
To provide a sense of perspective, several comparisons between the hazards :
from DU and other iEotOpic yranium compositions are presented.

-
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EXTERKAL RADIATION £XPOSURE

Concern about external radiation exposure arises primarily from the
bets particle emissions of thorium=234 and protactiniume234m, the first two
dayghicrs of the uranium decdy svrtcs.(l) Three beta particle spectra are
associated with the ducay of the Lwo daughlors:  Lwe spectra from 2M'fn
with noximum energies (L ) of 0,103 and 0.193 MoV, and one spectrum

from zaqua with an t f 2.29 Mev. (2) A wingr beta conteibution 1s
mage by thoriums231. thc duugnlvr of 23‘0 e addition Lo beta particlus,
several of the deughters and "]"U o180 it phutons .  lowever; Lhese

photons are either emitted infrequently or are of low energy. Conse
guently, they make 2 minor contribution to the total external radiation
hazard.

fecause of the abundance of beta particles, control of personnel exe
posure 15 primarily directed at the prevention of excessive irradiation of
extremities, particularly the hands, during uranium handling operations.
A commonly sccepted value for the surface dose rate from & large metal
slab of natura) uranium through 7 mg/cm2 of tissue-equivalent material s
235 mrads/hr, 1'%} Based on the quarterly dosc limit of 18.75 rems to the
extremities, direct hand-to-uranium contact would be limited to about €
hours per week, The interactions of beta particles with matter favor the
use of thick gloves to reduce hand-exposures, and significant redvcticons
have been noted. 1130 photon exposure to gloved hands continues; however,
photons only contribute about 4 mrads/hr of the tota) dose rate received
at close proximitig} to uranium cbjects.(s)

At greater distances, whole-body exposure to photons becomes the
fundamental consideration. Occupational experience indicates that whole-
body exposures due 10 uranium have not been signiticant and have been cone
sidered a secondary hazard.(“) However, exposure rate measurements wmdy
be justified tb determine personne) dosimetry needs at large DJ stotkpile
installations. Shielding and distance can readily reduce exposure rates
to acceptatile levels. Precautions should be taken to avoid exposure rate
increases from the production of Bremsstrahlung (secondary radiation

|
|
|
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generated by beta particle interactions), when shiclds or containment
devices composed of high atomic number elements are placed close to wranium
cbjects. Maximum exposure rates at S0 cm from an aluminum-shrouded 3.3-kg

DU bar are 0.039 mR/hr,(s)

Differenges Letwien surface dose rates from depleted ond natura)
granfum are minima), lowever, theoretical cstinates of the photon contri-
bution from DU are less than those from natura) uronium, due to very slight

differences in the 233u content and & large reduction in the 235u content,.
o

A specia) exposure hazard oxists where OU 1s melted, purificd and
¢ast. Ouring such oparations, 2347h and 23‘”Pa migrate to form arcas of
nigh radicactivity along the surfaces of molds and in coolir arcas of
furnaces. Workers have received 2 to 3 rads por weck Lo the hands and
possibly to the eyes during vacuum pellet cast1ng.(‘)

Freshly pirified OU will produce greatly reduced dose rates. As the
daughters build up from the subsequent decay of 2380 and 2350. dose rates
will increase until the radioactive decay equilibrium 1s attained. There-
fore, the digree of daughter buildup should be considered when evaluating
possible exposure hazards. Because uf secular decay equilibrium condi-
tions, the fractiona) daughter buildup, F, can be estimated by

it
Fel-eg !

1

where A]’(the decay constant of 23“Tn) ¢ 0.0200 day™' and t = timg in days

after purificatin,
To summarize, dose rates from DU are mea’ ‘rable and result primarily

from the emission of beta particles. The primary consideration for
personnel protection is to prevent excessive hand doses. Exposure rates

associated with whole-body irradiation are generally or sccondary importance.

Overall, external rajiation hazards assocrated with DU utilization are
small, and simple but adequate means arc available to control any exposure
tradards,
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INTERNAL TIAZAKIY

The introduction of uranium compounds into the body is of primary con-
cern in the industrid] and occupational envirenment. Inhalation 18 the
most Counon intake route, but internal deposition from contaminated wounds
ang ingestion can also octur. Information on uranium metabolism 18 availe
oble. However, the development of general statements on rolative dogrees
of hazards following intake is complicateq‘gy discrepancies between labora-
tory and occupational dats.

Following the tnhalation of DU compounds, potential for harm arises
from the radiological and toxicological properties of uranium, with special
danger from lung irradiation and chemically related kidney damage. The
total deposited mass, the compound's solubility in Jung fluids, and the
site of the lung deposition influence the deyree and type of hazard. Other
factors which must be considered on an individual Lasis are exposure history
and deviations of metabolic rates from accepted norms.

INHALATION OF SOLUBLE URANIUM COMPOUNDS

Inhaled soluble uianium compounds rapidly enter the ¢circulatory system
and are complexed by proteins and bicarbonate 1ons.(6'7) Clearance from
the blood leads to accumulations in the bone and kidney. For DU, the ace
cumulation tn the kidney is the crucial factor becouse kidney damage will
occur befure DU deposits 4n the bone or kidney exceed radiation dose Yimits.,

Chemical tox.city in the kidney results from decrcased solubility of
the DU compounds in the urine due to the reabsorption of complexing bicar-
bonate fons and increascd acidity.(e) The free urinary uranium affects the
tubule colls by interforing with normal menbrane rcspiratuon.(g) A early
indication of uranium intoxication 1s the presence of catalase in the uvine.(lo)
Renal damage has traditionally been indicated by the presence of ¢asts,
red blood cells, and albumin in the urinc.(11’ Tissue damage 1§ usually
localized in the proximal convoluted tubule, with total repair possible 14
days after a milg 1ntox1cct1on.(’2’
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According L Aluuuudur.(13) Lhe nephrotoxic Tt of 3 v U/g of kiduey
Lissue established by the International Comnission on kadiolougical Protec-
tion (ICRP), can be related to 2 single deposition of 2.7 mg of uranium
fnto the blood. The validity of this value assumes an effective half 1ife
of 156 days. Total blood urenium cstimates are conmonly assumed t?13°1a)
Iwige the uranium content in 1 t of urine from o Ji-hour $dmple, '
AMbuninuria has been associated with o urinary cxcretion of 2 mg/ L for acute
exposure; for prolonged or ¢hronic exposures, albuminuria nay occur with
smaller urinary uranium levels.(ls) Alcxanucr(133 has thoroughly discuused
the tnterpretation of urinalysis data 0s o tunGtion of sampling freguency 10
ebtain huzard estimates.

To relate working place atmospheric levels of uranium to the develop-
ment of nephrotoxie conditions, several concentration guides have bLeen ¢5-
tablished. Most guides, 1ike those 1isted below, do not specifically identify
DU, but the values fcr natural yranium or 2380 can be applied because the
toxic 1imit for DU {¢ uniquely dependent on the tota) mass of uranicm de-
posited in the body. Fcn-a(163 has stated that the kidney toxicity limit
is applicable for al) 2350 enrichments up to 5%. The most common concen-

tration guides are as follows:

* The current Threshold Limit Value (TLV) for soluble uranium is
200 ug/m{ which replaced the conservative 50 »9/m3 because of the

lack of harmful evidence associated with the use of the older value.‘]7) :

* The maximum permissible concentration in air (MPC&) for natural
uranfum basd on a 40-hour work week s 7 x 10']1 uCi/cma.(10) This
15 a mathematically derived 1imit based on principles of biological
modeling. To convert the MPC, to mass units, the specific activity
of natural uranium (0.33 uCi/g, based on the special curie for natural
uranium = 7.67 x 10‘0 alpha dis/sec) must be used. The resulting
mass MPCa 1s 210 ug/ma. The use of the special curic has been o
source of confision and has been eliminated. Based on the usus) curie
definition, the specific activity of natural uranium is 0.676 uCi/g,
which leads to an MPC. of 1.4 x 10"0 uCi/cm3 or 1 x 10"0 uCi/cm3

o —
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when rounded off. An adapted MPCa in activity units for DU 1s
7.6 x \0']\ .Ci/cm’. This value 1s based on the permissible leve)

of 210 ug/m3 and a specific activity of 0.30 wCi/g for DU,

Legal 1imits specific for DU have been listed in Appendix B of 10 CFR

20.(19) For occupationally exposed individuals, the allowable concentration

is 200 »g/m3.

INHALATION OF JNSOLUGBLE URARIUM COMPOUNDS
i

The inhalation of insoluble uranium compounds presents radiclogical
health implications due to the extended pulmonary region clearance times
associated with lung deposition of insoluble particulates and due to alpha
particlc emission from the uranium isotopes. Of principle concern 1s the
developrent of latent effects associated with excessive irradiation of the
lung. Uecause the effects are radiation=induced, the hazards of inhaling
OU are similar to those of innaling the other insoluble alpha-emitting sube
stances. However, it has been suggested that the chemical effects of
uranium may reinforce the development of latent tissue damage 1n cases ine
volving large uranium lung burdens.(zo)

Lesch et al.(z‘) have vsed monkeys and dogs in an extensive investi-
gation into the biological effects of 002 when inhaled under chronic con-
ditions simulating a S-year occupational exposure. Organ burdens of monkeys
and dogs were analyzed during the 5-year exposure period and up to 6 1/2
years post-exposure. The inhaled aeroso) was characterized as 1 u mass
median diameter 'MMD) with a concentration of § mg/m3.

The lungs and ;ssotiated tracheobronchiai lymph nodes (TLN) contained
over 90% of the deposited uranium. Maximum equilibrium lung levels were
attained after 6 months of exposure, and were 200 wg U/g and 3600 uo U/g
for the dog and monkey respectively. Translocation to the tracheobron-
chial Yymph nodes wa2s represented by a slow, 4-year increase in TLN
uranium., Maximum levels wera 50,000 to 70,000 ug U/q in dog and monkey.
Based on an allowable dose to the lungs of 15 rem/yr, the maximum equili-
brium concentration of uranium in the lung 1s 25 ug U/g of tissue.(ZZ)

At the end of the tota) exposure period, dose rates were about 60 rads/week

T i T R P R o SRV IRERE=S
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1o the TLN ond 2 to 3 rads/week to the lung, TPathological changes due
to ragtatton damaye were Infrequently ubserved during Lhe & years; hows
ever, the resulls of the postexposure survival study indicated latent
radfetion e¢ffects,

In Lhy postexposure Survival study.(?” monkeys and dugs were Lacri.
ficed ond examined during the following G 1/Zeycar puriod. Inteyrated
alpha doses for the wmaxlimun survival period were G600 rods to the lung and
16,000 rads to the TLN for the dogs, and 1‘30 rads to the lung and 24,800.
rags to the TLN for the monkeys. PathologicaI examinations of dog lungs
revealed pulmonary neeplasms of the adenvia and carcinoma variety. Fibrotie
and necrotic TLN were also reported. Damage to monkey lung and particularly
to TLN was Vimited to severe fibresis., The investigators commented that
the development of neoplasms from natural urantum was unique to this study.

Permissible conceniration guides have been developed for insoluble
uranium aerosols. ODased on a specific act\v\ty of 0,36 uCi/g, the nPC
listed in ICRP Publication 2 is 1 x 10 pCi/cm3 for nntura\ uranium and
238 . An acceptable MPCa for DU would a1so be 1 x 10° 10 uC\/cm because
the detrimental effects arc dependent on the activity of the deposited ma-
terial. when orginally develeped, the MPC expressed in mass units was 180
;g/ma. However. conversion of the values just presented to mass units will
not equal 180 ug/m3 due to rounding error effects. Mass concentrations bascd
on the allowable 1 x 107 =10 uC1ICm3 for natural wranium, DU, and 238U are 149
ug/m , ¢78 ug/m3 ind 299 wUImJ respectively.  The 1LV for insoluble acvesols
is 200 ug/m '

Derivations of MPC-are based on a maximum amount of radionuclide
allowed in an organ under conditions of equilibrium. A critical element
is the effective residence time or effective half life. (For long-lived
yranium, estimates of the biological half 1ife are usced.) Consequently,
the accuracy of the cstimate determines the level ~f conservatism associas
ted with MPC, 1f the estimated value exceeds the true value, conservatism
will be established. Unfortunately, many estimates of the lung half life
of insoluble uranium compounds have complicated sufety evaluations.

Insoluble aerosols associated with operations involving DU metal are

usually UOZ and U3°8'(3) Khile both are insolubic 1n water, solubility in

7
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lung fluids has been reported(zz'za) and might be attributed to the pre-
sence of complexing ions and proteinaceous materia! in lung fluid.(c)
Based on several casc histories of occupationsl uaposure tO uraniun dust,
Q””’f{nft 31.(23) esting ' a biological half life of 30 to €0 days.
Spoor recommended ches. half times of 35 days for UO?. 100 days for
u07.and 360 days for UJOB‘ In contrast, Leach et aijzo reported cxtreme
insolubility of 'JO2 in animals., Lung half times of 420-660 days end TLN
half times of 1500-1950 doys were found in monkeys. Comparable lung half
times were calculated for dogs Lut TLN KT times ranged from GO0 to 780
days. The invertigators suggested that extensive TLN demage in monkeys
explained the half time differences between the monkeys and 6ogs.

The 1CRP has incorporated a 120-day half time estimate for derivation

of the insoluble Mpcoﬁzz) whereas the Task Greups on Lung Dynamwct suggested
8 150-day half life for UO2 and @& 120-day half life for 0308.(25'
Alexander (13) classified both UO2 and U30u 0s class W compounds (relatively
insoluble), following the classification syston prescnted Ly the Task Group
on Lung Dynemics. The half times assumed by Alexander were 50 days for both
compounds

A\exander(‘3) compared the model prediction (with a $0-day half life)

to human dutopsy data to estimete the conservatism «ssociated with a S0-day
nalf Yife, tie found the mode) could overcstimale the lTung burden by a
factor of 5. When uoz or USOB behaved VYike class Y compounds (insoluble),
3 half life of 500 days was used and the mode) overestimated lung burdens
by 8 factor of 7U; however, bacause comparison data was very limited, the
large factor was considered acceptable.
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FLAMMAGILLTY JAZARDS,

Careful attention to potential fire conditions is necded becouse of
the extreme reactivity of metallic uranfun and cestain uraniym compounds .
The amount and form of materigd, az well o L4 production and v, 1nfluence
the degree of hazard. Also, the extreme variability of yranium's incen-
diary properties makes predicting potential hozards more difficult. The
degree of depletion does not alter flammability because the primary factor
is chemical cxidation, ol g ‘

The metallic compound is a commonly used form of OU. As & gencral
rule, massive compact metallic urantum 18 relatively tnerl and unable
to spontancously 1gnite and maintain 11§ burning.  Fires heve been une
common during rolling, forging. or storage operations, indicating that ox-
ternal heat sources are incapable of starting a fire.(ZB) Oxidation of
compact meta) may result from prolenged heating at temperatures above 350'c,‘27)
but oxidation of compact metal at low temperatures is usudally liwited to
the surface, forming 2 permgoble layer of 002 and U3Ou.(3)

Isolated instances of spontaneous inginition of compact mctal have
occurred, generally associated with the presence of residual uranium hydride
due to incomplete metal production, the presence of smull amounts of moise
ture, and the presence of contaminating nntals.(zs’ Uranium hydride 15 a
possible by-product of metal oxidation by water and is extremely pyrophoric.‘s)
Uranium hydride and small amounts of moisture have ocen imp¥icated in
surface pyrophoricity of metal during vacuum casting and bomb reduction
opcrations.(?e) Algernate methods of meta) production can ™educe compact
uranium pyrophoricity by eliminating possible uranium hydride residues.

The pyrophoric behavior of uranium metal sharply increases as objec*
size decreases. The larger surface-to-mass rativ uf small fragments pere
mits enough oxidatioy and retained heat to allow cuntinuous combustion,
Small fragments can spontaneously ingnite upon exposurc to air at room
temperatures, and dispersed powders of metal can be exp\osive‘(a) Conse-
quently, machining operations producing metal chips should be carefully
monitored. The libera)l use of mineral oil coolants is usually satisfactory

R T
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wended  becavse water oxfdalfon and possible uranium hydride furmalion :
may allow minor fires which might be prevented by the substitution of
mineral 011, DBeceuse fires invelving & few chips can usudlly be extin-
guished with coclont or allowed te burn out, while fires involving many
chips con be extromely difficult to extlhguish.(?ﬁ) chips should be stored
uncompacted, in reductd numbers, and under mineral oil, When using water

i

storage, there 15 dunger of spontaneous combustion with explosive fOrce.(?a) ”
-

Once ignited and self sustaining, fires snvolving compact uranium are

slow burning and incandescent, liberating large amounts of heat. In rare
cases of compact metal pyrophoricity, fgnition occurs after extended periods
of heat accumulation from slow oxidation. Inmediate ignition of massive
metal 15 confined to the surface, probably due to moisture-surface inters
actions forming yranium hydride.(26) In contrast, fragment fires can ignite
fmmediately or slowly, depending on the rate of oxidation and surface ares.
The intense heat liberated frow moist powder oxidation can burn through

L)
for preventing shall fraguent fires. Aqueods coulanty are nul recomes

thouly of frun and sieel,

Because of the heat and reactivity of uranium fires, careful selection
of extinguishing agents 1s necessary. Temperatures above 300°C will cause
continued oxidation by Loz and NZ'(j, A severc steam-mctal interaction pre-
cludes the use of water as an extinguishing anent; however, uranium fires
have been extinguished with water and COZ.(ZG) Inert-gas sprinkler systens
may be used for tmall fires if provisions are made to warn personnel of
gas release and to maintain sufficient gas flow to prevent reignition due :
to heat retention and air reentry. Gases should not be used when large :
amounts of heat are generated because of their poor cool a3 propertics.(zs)
1f building integrity is ensured, small amounts of compact uranium can be
allowed to burn out because the slow burning permits isolation for controlled

1ncineration.(26’ :

I W= —_—

fcguning @ 31 release from a uranium fire and adverse meleorglogical
condivions producing a maximum hazard at a distance of 100 m from the fire,
Cook(zg)estimated a safe building inventory of uranium to be 0.5 tonnes.
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With such an inventory, the potential release was cstimated to be 2 kg in

2 soluble form. The inventory limit contained a safety factor that accounted
for butlding contotnment and for cxplosions releasing the entire ¢louwd. In i
the lotter cose, the disperston helght of the ¢loud would be higher, re-

ducing the level of cloud doses compared to doses resulting from ground }
releases.
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