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ABSTRACT

The dissolution behavior of settled and airborne
uraniun material preoduced by firing ov depleted
vrantun munitions was studied wsing an 1in vitro
dissalution technique. Di fferences Tn the
canpsition of bulk and respirdle fraction samples
of these materfals were cbserved. Dissolution
anciysis results suggest that under some conditions
a rapidly dissolving wuranium fraction may be
formed. This fraction may play an important role
1n  determining hazard potential assoctated with
inhalation exposure to uranium materials, The fact
that & larger rapidly dissolving fraction was
cserved in the airborne material than 1in the
settied material indicates that dissolution
analvsis should be performed on appropriate size
fraction samples,

TNTRODUCTION

The importance of {n vive dissolution behavior
of uranfun materfals Tfornd at uranium mines and
mills has DLeen described.l,2,3  These siudies
describe the large variadility associated with che
dissolution properties of “yellowcake” materials
fron varfows ursnium mi{lls and demonstrate the
e fulness of in  vitro dissnlution analysis
techniques 1n assessing Jissolution bevavior. In
general, 1in vivo dissolution behavior has been
found to  he dependent upon a material's
phyvsfcochemical  form.4 In  vitro dissolution
~tudles have also been carrfed out on uranium
materials derived fran test iring of depleted
vranium (M) penctrator munftions, The cmphéc
results of this study are raported elsewhere,
The o lect of this report i, to focus on certain
results of the study wuich {ndicate that
Asvolution propertics of the uranfum materfals can
be dependent upon the size fraction rtudied. This
result may be of {mportance {n conducting in vitro
dissolutiorn aralysis of uranium materials Tound at
waiium nines and mills,

‘Work perfarmeu at the lLos Alamos National
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MATERIALS AND METHODS
Study Materials

Two DU study materfals collected from an
enclosed test bunker were provided by the United
Ctates Alr Force (USAF). Tdle 1 gives a
description of each of these study muterials, The
test bunker at which the study materiils were
collected is uwsed for test firings of variow DU
penetrator munitions, One of the samples (S682-2)
vwas collected as a core sample of the bunker
material into which the penetrator is fired. The
other (S682-1) was collected by the bunker air
cleaning system., The core and air sample materfals
contained ~10 per cent and -20 per cent uraniun by
weight,

TABLE 1: DEPLEITED URANIUM STUDY MATERIALS

Sampie Ho. lreatment
$682-2 Core Sanple (settled)
S682-1 Afr Sample {(airborne)

Sample Generation

Each bulk study material wa; sieved and the
portion passing a 400 mesh (37 um mesh size) screen
was collected. An aliquot of the sieved material
was pressed into a specfally made thimble which was
moumted on a MHright dust  feed®  aerosol
generator. The dust feed operates by rotating a
sample plug against a radially positioned blade
that is continually swept by a Jjet of clean air
which suspends the materfal scraped from the plug.
T™he output of this gencrator was conducted to a
horfzontal elutriator (see Fig. 1) operated to pass
an aerosol that mg,ets the British Medical Research
Councll criterfa as  being the respirable
fraction of the challenge aercsol. Sets of
respirble fraction samples representing efach study
materiai were collected on 5 .m pore sizr, 25 mn
dfameter Mi11{po-e membrane filters. These sannles
were ced in the dissolution experiments.

Ditsolution Analysis

Prior t. swjecting the res, rble  fraction
samples  to  Jissolution analysis, the mass of
uranfumn (Mp) on each filter was determined wing
a gross gamma radiometric technique. The technique



uses a Nal scintillation detector to measure the
gemma  activity associated with the sample,
Standards to relate activity to Ma were prepared
wsing appropriate laboratory study materials,
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FIGURE 1: RESPTRABLE AEROSOL GENERATION SYSTEM

Once Mg was determined, the filter containing
the respirale fraction uranium sample was
sandwiched between two 0.1 ym pore size, 25 mm
diameter Mucleopore membrane filters and placed in
a dissolution chamber. The chamber (see Figure 2)
that was (sed is a one sided flaw system described
by Allen8 and designed by Moss.9
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FIGURE 2: ™E FLOW NISSOLYUTION rHAMBER
USED IN THE STUDY

“he solvent used in the study was & lung fluid
simulant solution described by Moss.!0 The pH of
the simulant was maintained at 7.4 + 0.1 by slowly
bwbling 95 per cent 0 and 5 per cent COp
through the simulant as sujgested by Muss, 10 The
ter, erature ot the simulant was maintained at 37 C
+ 0.5°C in a water bath The pH and temperature
of the Simulant were monitored during the
experiment. The simulant was delivered tn the
dissolution chamber by a peristaltic pump at a flow
rate of -1 mL/min, The experiments were operasted
for at least 30 days.

Simulant passing out of the dissolution charoer
was collected at selected times. The samples werc:
collected 1in polyethylene bags which were heat
sealed and placed 1in pneumatic “rabbits™ for
automated delayed neutron activation (ONA) analysis,

X-ray Diffraction Analysis

The compasition of bulk and respirable fraction
samples was determined wsing x-ray diffraction,
The method, which followed the procedure outlined
by Klug,ll wes a standard vertical
d: ffractometer with a graphite monochrometer and a
proportional detector. This technique permits the
determination of specias and quantity of
crystalline materfals and can detect the nresence
of amorphous materfals at levels greater than 10-20
per cent by weight. To ascertain the percentage of
uraniun oxide present as the dioxide, standards
were prepared fram well characterized, selected
UO2 and U308 powders, A calibration curve
was then drawn fram which the results were dtained.

DATA ANALYSIS AND RESULTS

From the [CNA data and values of My, estimates
of the fraction of remaining uranium digsolved per
day (fd) were calculated as follows '\ for each
sample: '

~

*rnk_l)(tk . tk-l) (1)
~2d

where, my and m¢ . the mass of uraniun in
the jth and kth samples respectively, d « duration
of sample collection in days, and tx « e.apsed
time, in days, to the midpoint of the sample
collection period. The results of these
calculation. were plotted against time tor each of
the study materials, Curves were fit to these data
ising a nonlinear least squares fitting routinel?
with the estimated varfance of each fq4 value
weignting the fit. The plots with the fitted
curves are shown in Figure 3. These data were fit
with a model of the form:

f

™
dJ* T’no . %/(mk
k.l\\

Mt - d/2) - M(t * d/2) (2
d*" d < Mty -

wt re, M(t) « the mass of uranium remaining ».
cime t which equals

n
”O 2‘ f1 exp (-xit), 1 =« the {th dissolution
1-1

components Jrcluded in the fit, n « the total
auher of dissolution components, f; < the mass
fraction of the sample ascoriated with the {th
dissclution component and 1y « the dissolution
rate cc.stant of the ith dissolution component.l3

Tre fitting routine would not converqe for n >2
even though a three component (a = 3) Ht seemed
appropriate fr om fnspection of the pints,
ronsequently, data corresponding to the latter two
of the ‘hrees cserved dissolution components was
fit with n » 2, The results of the curve fitting
were wed to derive fi and 34 values found fIn
Tahle 7. Characterization of the earliest dbserved
dissolution compunent was limited to estimates of

I (see Table 2 and a lower limit on A]. The
value of 1y yae sed as the lower 1imit of v
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FIGURE 3: PLOT OF DISSOLUTION EXPERIMENT DATA
AND FITTED CURVES FOR THE RESPIRABLE
FRACTION OF STUDY MATERIALS S682-1 (&)
AND S682-2 (4)

Dissolution hal f-times,

Ty = 1n2/2y (3)

were¥ calculated for each value of ay. These
values are shown in Table 2.

For sufficiently 1large t, 74 becomes time
‘Independent and takes on the value of 3. The
‘average value of fg corresponding to long times
was computed as a separate estimate of 3. This
value of i3 was cnnsidered to be free of
influence fran earlier fyq values that affect the
estimation of a3 by the least squares method
mentioned &ove, Table 3 gives the values of a3
o tained by this analytical method. The 13
estimates ctained by the two methods agree well.
Multiple comparisons analysis performed wsing the
values in Table 3 indicated that there was a
signi ficant df fference (at the 95 per cent
confidence 1interval) between the 3 valuss
assocfated with the study materials. Table 3 also
gives values of Ta calculated using the values of
A3 listed in Table 3,

TABLE 3: LONG-TERM PHASE DISSOLUTION
PARAMETERS CALCULATED USING
AVERAGING TECHNIQUE

Study
Material
No. N@ 23-Days-!  Ti-pays€
b
S682-2 22 1.5x10-3 « 3x10-% 480 » 85
S682-.1 25 3.8x10-3 ¢ 4x10-4 180 ¢+ 20

I = nuber of datapoints associated with analysis

byalue ¢ standard deviation

€T3 « dissolution hal f-time of long-term
dissolution caponent.

TABLE 4: RESULTS OF X-RAY DIFFRACTION ANALYSIS

Study Weight Per cant of Uranium Oxide
Material

as UDo 3
Mo, Respirable Fraction Bulk

5682-2 (settled) 540 97

$682-1 (airborne) 18 60

Flemalnders are U30g.
DThe error in the estimates {s ¢+ 10 per cent of
the respective vaives, -

The resilts of x-ray di ffraction analysis of the
bulk and ‘espirable fraction samples indicated th:t
the crystc11ine uranium {n the samples cons'sted of
U308 and UO2. Table 4 shows' the percentage
of the uranium oxid2 found in the samples as UD3;
the balance of the crystalline uraniun material was
determined to be U303, Amorphous material was
detected 1n the respirable fraction of the &ir
sample materfal (5682-1)., The fraction of the
sample associated with amorphous materisl was
estimated to be =20 per cent by weight.

DISCUSSTION AND CONFLUSIONS

D1 fferences in Dissoiution Behavior

Only -4 per cent of the respirahle fraction of
the core sample materfal (S682-2) was associated

TABLE 2: DISS0LUTION PARAMCTERS DLRIVID FROM TWO COMPONENT
CYPONENTIAL LEAST SQUARCS FITS

Inft{al Dissolution Phase

Long-Term Dissoluntion Phase

iecond Caomp onent

Third Component

Fird
Sttty Component
Mai=rial 1]
N, N L f2

lz-ovl'l

SEM7.7 81 0.0Z & 0.0006 0.0Z ¢ €.002 1.7 ¢ 0.2
$682.1 56 C.12 4 0.04 0,131 0.01 4.740.,5

Ty-Onyet fy 13-Days-1 Vy-Days

0.4 D08 0.95 + 0,002 1.4x10-T ¢ 2.0a10°% 490 s 70
0.14 ¢ 0.02 0.75 + 0,00 4.0n10-3 a 4 _7x10°% 1704 20

T Tnmber of data TeTnls astocieted vith the malysis,

byslug » ttandard deviation,

€1y « ditsolution half-time of Ith distolution camponent.



with initial phase dissolution (see Table 2). 1In
centrast, the respirable fraction of the air sample
material studied here (S6B2-1) and similar samples
studied by Glissmeyerld had fram 11 to 4% per
cent of the material associatd with {initial phase
dissolution (see Tale 2). This suggests that a
larger fraction of material suspended in tle air
during DU penetrator test firings may be readily
available for systemic contamination than would e
{ndicated by thg clearance classifications of
U30g and U0» 1°.16,17 or the results of in
v?tro studies _of laoratory prepared U30g and
067 materfal,l7.18  Tnis also indicates that
important dissolution behavior di fferences can
exist between size segregated samples from a common
source such as the settled and airborne materials
studied here.

Eidsonl attrituted the initial phase seen 1in
the dissolution of “yellowcake™ samples to the
presence of amonium diuranate, a rapidly
dissolving uranium material, The material produced
during test firing of penetrators was also dserved
to contain a rapidly dissolving fraction. 7This
fraction was evident tn a greater extent in the air
sample material (5682-1) than {in the core sample
material  (5682-2). The air sample material
(SAR?-1) 1s thought to be made up of particles with
Tow set*ling velocities relative tn those in the
core sample material (SAB2-2), For a given
speci fic gravity, the lower settling velocity
materfal would have a relatively high specifi:
.surface arer which could explain the large
concentration of rapidly dissolving materfal {n the
respirable fraction of the air sample material
(SAB2.1). 1n addition, the fact that -?0 per cent
by weight of the respirsdle fraction sample of
study materfal SAB82-1 was found to be amcrphows and
that this amorphous material may contain uranium
suggests the possibility that at least a portion of
the rapidly dissclving fraction may be rapidly
dissolving amorphows uranium compounds. Therefore,
rather than chemnical character of the materfal
alone accounting for initial phase dissolution as
Efidson found for “yellowcake", f{uitial phase
dissolution  for these materials may be a
cons2quence of the physical character of the
material as well as the chemical composition of the
materfal, This study does not resolve which 1s the
more important,

The long-term dissolution half-times (T3)
ohserved here fall 1in the range of long-term
ral f-times found by Eidson} for similar materials
{ fram 140 days to 500 days). These half-times also
agree  with the "Y* ?earan_ce clarcsi fications
assigned to U308 and U()z.1 16,17

The 1ong-term dissolution half-time associfated
with the respiradle fraction of the aicborne study
material {SAB2-1) was fowng to he significantly
higher (at the 95 per cen: confidence level) than
the long-term Mssolution hal f.time associated with
the recpirdble fraction of the settled study
material (S582.7). As  discussed aove, this
di fference may be & vconsequence of the physical
dhiracter of the mater{al such as the specific
surface area as well as its chemical camposition.

The fact that significant df fferences were
hse~ed in tha dissclution behavior of the study
materials highiights the necessity of performing

dissolution analysis on appropriate size fraction
samples. Results from dissolution analysis of core
sample material (S682-2) may be most wseful ir
assessing exposure to material resuspended during
such activities as bunker dismantling, Whereas,
results fram analysis of afr sarlle material may Se
most wseful 1in assessing exposure to material
surpended during penetrator firings,

Results of in  vitro dissolution analysis
reported by EidsonT on bulk "yellowcake® samples
agree with laboratory animal 1ung clearance data
tbtained fram 1inhalation studies wing samples of
the same "yellowcake" materfals. 19 This
indicates that, for the ‘"yellowcake"™ materials
studied, dissolutfon analysis results for bulk
materials are wuseful 1n assessing exposures to
suspended materfals. Our results demonstrate that
this 1is not always the case and, in dereral, in
vitro dissolution analysis should be performed with
appropriate size fraction samples. This 1is
especially f{mportant when no 1n vivo data s
available to support in vitro results.

Composition DY fferences Between Bulk and Respirale
Fraction SampTes

A significant difference 1in the U0z content
between hulk and respirable fraction samples was
served in both study materials (see Table 4).
Glissmeyerld noticed a similar size seqregation.
The direction of this segrec tion; namely, that
U?Og is associated with the smaller particle
slzes, agrees with data prasented by StecklelB
and Flder, 20

This finding again points out the importance of
per forming dissclution analysis, as well as other
analyses, on propriate size selected samples.
Analysis of buik materfal or even tstal suspended
particul.te samples may result in {inaccuracies in
prediction of Tu: clearance rates and/or incorrect
associations of «issolution half-times with the
physicochemical churacter of the study materfal.
These 1inaccuracies and fucorrect associations, in
addition to being related to differences in the
physical character of deposited and studv
materials, may also be related to chemical
di fferrnces in these mater{als.

SUMMARY

Di fferences {in the in vitro dissolution behavior
between settled and airborne uranium materials were
cserved. In addition, differencas in  the
composftion of bulk and respirable fraction samples
of each of these materials were found. These
discoveries indicate the f{mportance of selecting
appropriate size fraction sample> on which to
perform dissoluticn analysis as well as other
analyses wsed to characterize samples.
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