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DISCLAIMER

This raport was prepared as an account of work sponsored by 2n ayency of the
United States Government. Neither the United States Government nor any agency
thereaf, nor any of their smployess, makes any warranty, sxpress o implied, or
assumas any legal liadbility or responsibility for the accuracy, completaness, or use-
tulaess of any information, apparatus, product, or procsss disclosed, er represents
that its use would not Infringe privately owned rights, Reference herein to any
specific commercial product, process, or servics by trads name, trademark, manu-
facturer, or otherwise, does mot nacessarily constitute or Imply its endorsement,
recommendation, or favoring by the United States Government of any agency
thereof. The views and opinions of authors expressed herein do not necessarily
state or reflect thoss of the United States Government or any agency thereof.
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1. 1Introduction

In the fall of 1979, the Department of Energﬁ'indicated that the

. : accident analysis section of safety analysis reports should provide

information sbout the toxicological effect of uranium'hekafluoride
'(UF6) releases on off-site and on-site personnel. This report
describes the activities leading to recommendations for

_ exposure/consequence relations to be used in safety analysis reports.
m‘rt&{'—- .o s oadag R S LG
These recommendations apply only for ‘this very specific use of

characterizing the effects of acute accidental exposures. The

results are mot intended to be used to set or modify established

uranium exposure guidelines.

Uranyl fluoride (UO2 2) and hydrogen fluoride (BF) Tesult from

'~.

'the hydrolysis of UF6 with afégsﬁhericﬂﬁbisture. Both UF6 and o ¥, o

2°2
.aredﬁglublggmg water, cgpseguently, gyé}city data for HF and soluble

L ._,_.A, %%,j ciedes 3'A.»:t [T .
uranium are necessary to assess the’ consequences of a postulated UF6

release. So, the Union Carbide Corporation-—Nuclear Division

(UCC-ND), Engineering s Safety Analysis Group entered into short-term
consulting contracts vith a group of experts in the field of chemical
toxicity of soluble uranium and BF. The group included the following

toxicologistsq

Dr. Jo Bo Bursh ShoLe
Departuent of Radiation Biology & Biophysics
University of Rochester

Dto L. Jo uaCh
Department of Radiation Biology & Biophysics
) Univereity of Rochester




Dr. P. E. Morrow -
Department of Radiation Biology & Blophysics -
University of Rochester

Dr. F. S. Smith
Department of Radiation Biology & Blophysics
Un;ve;sity of Rochester

Dr. Mo_ E, Wrenn -
" Rad{obiology Division N

Department of Pharmacology

School of Medicine

Univetaity of Utah

In the fall of 1979 they were asked.to apply known data and make
N

their best judgments about the toxicological effects of postulated

exposures to soluble uranfum and HF, This information became the

basis for the development of interim Deaigﬁ and Analysis Guideliqes

for eetimating the toxicity of soluﬁle uranipm and HF.

-4

&

To 1 e the accurac of the Desi a1 sis G 1de11
-... To improv y fashe D gn y u‘: {del. ne ﬁ* B

b

exposure-response database was established for eatimating human -
health ,ha-zards associated with acut:e ex’p.oma i:jrdrol'yzea 0?6 .'.‘ngj&t‘ s L —-‘%ﬁa
The data were compiled from a series of toxicity gxperiments (on rats

and guinea pigs) initiated in 1982 at the University of Rﬁchester,

under the dfré&ction §£ Leéch. The scope of this investigation

included the development of toxicity data needed to assess the

consequences of acute exposures to UF6 and UF6 hydrolysis products

similar to the exposures that have been postulated during preparation

of the gaseous diffusion plant safety analysis reports.




After the experimental work wes’completed in late 1983, a

"Delphi”™ panel of toxicologists was formed to interpret the

experimental results. UCC-ND asked the.toxicologists who had

‘participated in the 1980 investigation to reexamine their initial -

toxieity estimatee in light of»the‘newgexperiﬁental data.(1'2’3)

Hursh, Leach, Morrow, and Wrenn agreed to develop revised toxicity

estimates; because of other commitments, Swmith could not participate,

2. Method of Approach

At the request of UCC-ND, eechﬁef'fhe ioxieologists agreed to
develop completely independent estimates of utanium and HF ﬁo:icity.

They were asked to present preliminary estimates of the toxicity of

these 0?6 hydrSI;gTﬁﬁ%ﬁgaucta at a December 8, 1983 "Delphi” meetingﬁﬁﬁkpa

At-this meeting, the toxicologistewdiecuased thetrvapptoaches for

.estimating toxicity. The toxicologists were then asked to reevaluate

their toxicity estimates, 1f'necessary as a result of the

discusgions, and to submit documentation describing the rationale

1

. used in developing their “final‘ estimates. Appendix A contains

unedited copies of their reports. The toxicologists have reviewved a
draft copy of.thia report, end'ebey 1£dieated that:they agreed with

the described approach for evaluating the toxicity of ufanium and HF,




3. Estimates of Uranium Toxicity -

The four toxicologists used different approaches in developing
their estimates of the toxicity of soluble uranium. ' Leach used data
from his rat and guinea pig experiments ‘to correlate absorbed-dose
ievels (ng-U/kg body weight) and concentration-time products to a
predicted human health.effect. Hursh, Morrow, and Wrenn used Leach's
agimal data and other applicaﬁle 1gformacion to dgvelop aﬁ absorbed-
ﬁose level corresponding to a predicted human health effect and ;;-
calculate a concentration-time prbduc:;. The airborne comcentration

and duration of exposure at which dose, De (mg-Ulkg), would be

delivered are given by

C = md /Itf , ,
;’.’ i;é;?e*_ c . "o Kp Wﬁ. R o . -
: C = ai ' . - t ..UI 3 . ' .. [
RGN SRR P VB e < H W i
I = respiration rate, m3/min, e )

-

-
. -

‘t = exposure time, nin,
m = body mass of ref;rence human, kg, and
f = fraction of inhaled uranium absorbed by the body.

Hursh, Hbrrow; and Wrenn assumed

1. an International Commisﬁiou onARadiological Protection (ICRP) referenc;
body weight of 70 kg, .

2. an ICRP light activity respiration rate of 20 L/min (0.02 mslmin),

. and : -

3. an ICRP resting respiration rate of 7.5 L/min (0.075 m;/min). -

2
.




ﬂortpw and Wrenn also assumed that &3%'(f = 0.43) of the inhalea ]
uranfum would be absorﬁed.hy the body. “Hursh assumed that 50% (f =
0.5) of the inhaled uranium would be ‘absorbed.

As noted previously, Leach used his éxperimental animal data to
relate directly the absorbed dosé'of uranium to the airborne
concentration; however, applying ‘the above equation to Leach's data
15 fnformative. If the reference human weighs 70 kg, Leach's data

would indicate that the product of the respiratfon rate and ‘tha~ > -~ > - .- 3

:fracéion of uranium retained, I*f, is approximately 3.2 L/min. This

value is approximately 60X of the value calculated when assuming a

7.5 L/nin respiration rate and an £ valué of 0.43, This leads to the

_conclusion that either

1. the assumed value of £ (0.43) ig too Jarge,5QF  zg U oayamsdv. wgs o

2. the respiration rate (7.5 L/min) haa ‘been overestimated, or

e P e e TR

3. both quantitieé have been overestimated.

In a Januarj 4, 1984, discussion with R. A. Just, Leach

indicated that his toxiciti'estimatés should be considered as being

based on a resting respiration rate of 7.5 L/min; he agreed that the
estimates could be extrapola;ed to a light activity respiration rate
(20 L/min) by nu};iply;ng ihejconcentratipnfgime products stated in
his report by 7.5/20 ox O.ﬁé.' Leach alss/indiéated that his
estimates could be abpl@ed over a range of exposure times of 2 to 60
min and that his estimates should be conservative for exposure times

of 0.5 to 2 miny v¥sy=&: - . Foed il BN LR S foeitad
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Table 1 is a summary of the four estimates of uranium toxicity.
The exposure levels gshown in the table are based on a resting
respiration rate of 7.5 L/min. If toxicity estimates are required

for a light activity respiration rate, the tabulated exposure levels

should be multiplied by 0.38. . ' ‘ .

An examination of Table 1 shows that different -nomenclature was
used to characterize sublethal health effects. The following
sections contain a rationale for interpreting and implementing the

four different estimates of uranium toxicity.

3.1 Estimates of Lethal Exposure Level

e

As shown in Table 1, Morrow used a 10% redhction from the <10— ’

nin exposure level in’ develpping exposure levels.fozgagr-and£60-miqg*¢&g%*#

exposures, while the other three toxicologists predicted a comstant

0 I g OTEBR: e WENER ol etmomey

',

exposure level independent of the exposure timc. It seems reasonable
to neglect Morrow's 10Z reduction for 30- and 60:min exposures,

thereby resultiné in the following summary of 50Z lethality estimates
(estinates of iDSO): ) “ew

. Exposure Level
Basis . for -50% gethality

Toxicologist (mg-U/kg) (ng-U/n”) (min)

Hursh 2 37,333 i
Leach . ) 2.5 92,167

Morrow 1 20,000

Wrenn 1 ) 22,000

Ronge of Tottimtos . 1to 2.5 TEETT007000 to 92,167 -
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Table 1. "Summary of Estimates of Uranium Toxicity

K ~\~.:( . ' "“.7-'.. . “-. .4.
Nd'gf’feé'e P, ‘

T R s T
M, E, Wrean 50% Lethality »

4#%@&2@&0

‘Onset of Damage
No Observable .
. Effect in Man

2Absorbed quantity of uranium per kg of body weight. As .gtated in ..
the report, the toxicologist:s used different methodologies in predicting
the exposure level (mg-U/m”)(min) corresponding to an absorbed ‘quantity
of uranium (mg—Ulkg).

RN . ¢ e

.

1:'Expos:ur:e level is defined as the product of the airborme con-
centration and the exposure time, | Based on an ICRP resting respiration rate
of 7.5 L/min,

oLt

- a - b Exposure -
: _ Basis , Exposurs Level Time
Toxicologist Health Effect “(mg=Ulkg) (mg-U/m”)(min) " (min) .
J. B. Hursh  50% I.ethality ‘ 2 - 37,333
"Reversible Injury ° 0,077 11,307 . ..
Maximum No . .0.054 1,008
‘Effect' Expdsure"‘ o ' '
. Lo J. Leach 502 Lethality P28 92,167
102 Lethality L 1 35,683 - e
0.1% Lethality " 0,15 5,375 g
Renal Injury . 0,040 1,375
No Effect . 0,015 ' 550
P. E. Morrow  S0% Lethality =~ =~ 1.0. 20,000 - <10
. 18,000 ~ 30
18,000 60
Injury <10
30

T agas ‘Tbc-. g,

EFWE
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As stated previously, Morrow and Wrenn used the standard ICRP.
nethodology for calculating the 50X lethal exposure level (given the
absorbed dose in mg-U/kg), Leach used his experimental data to

"establish this relationship, and Hursﬁ used a'minoy modification of
the ICRP methodology. Based on discussions with the ORGDP and GAT
industrial hygiéne staffs, it was concluded that the ICRP methodology
should be used to re%ate the absogqu quantity of ugfequ ng-U/kg)
to the inhaled exposure. Therefore, the ICRP methodology should be
used to establish the 50% lethal exposure level based on thevaverage
absorbed dose of 1.g3 ng-U/kg. The 50% lethal exposﬁre level then

is:

“50% lethal*exposure level = (1.63 mg-U/kg) (70 kg)

(0.43)(7.5 L/nin)(0.001 n’/L)
R R LT Sy, )
- WL 35,380 (ag-U/nd) (i)

Therefoie?ﬁit“ﬁs“recomgendgdmthaty~fbr-putposéssofgsafesy
. 1 '#&." . o
analysis consequence evaluation, an exposure level of 35,000 (mg-

"'“Nﬁ/m3)(min) should be considered 50% lethal for exposure durations

less than 30 minutes. Use of the ICRP methodology results in a
ioﬁﬁr, more conservative-estimate of the lethal exposure level than
that obtained by averaging the four concentration-time products.
Leach's lethalitj estimates include exposure levels predicted to
result in 10% and 0.1X lethality. However, as Leach has indicated in
discussions with R. A, Just, the predicted exposure levels

corresponding to 10X and 0.1% lethality are not as precise as the

IS
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te

‘estimate of the 50% lethal level.’ After consultation with his

statisticign. Leach concluded th;t;his‘esgimate of the 10X lethal
éxposurg level was a‘sﬁatistica11y?y§114 estimate and ;hat-tﬁe 0.1%
}ethal exposure level was siggiiicantly more uncertain. Horrqw'
agreed that the 10X lethal gxbpgu:g.lgvgl could de estimated with a
réason?blé level of certainty. Léagh-gstimate§ that 162 lethality
woul& result from an apsorbeh éﬁ;qﬁity of uranium equal to 402
(1/2.5) "of "the quantity of uranium which corresponds to the 50%
lethal level. The 50Z lethal level is the value used in the DOE-ORO
uranium enrichment facilities safety ég#;yais applicationé. The 10%
lethal level, 14,000 (mg-UIm3)(m;n), may be more appropriate for

other applications such as for. emergency preparedgegs planning. It

should be noted that the’ 5Q§ lethal lev%p. 5Q§-iB the valgsggsually -

used in tisk evaluations to characterize a possible lethal exposure
e §§§§5§§§?§#$*$Qn§' e vnzﬁﬁ§r¢ﬂ@$§§§$9'k /s
level. Therefote, the SOZ lethal 1eve1 may be sufficfbnt for most
safety analysis applicationa.

According to Morrow, . estimatio;s'of 0. IZ lethality eee 18
statistically. impractical without a hundred-fold increase in the
nunber of animals tested . . .”5»Thqfefore,‘in the absence of
s;fficient data to prediét reliably the 0.1% lethal exposure level,
it is recommended that the 0.1% lethal estimate should not be used in

safety analysis consequence evaluations. -

L
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3.2 Estimates of Renal Injury Exposure Level

The four toxicologists used different nomenclature in describing
a health effeci-corresponﬁing to Renél Injury (see Table 2); however,
"Reversible Injdry,‘ “"Renal Injury,” "Injury,” and “Onset of Damage"
are 8ll viewed as corresponding to renal injury. Therefore, the
estimates of renal injury are as follows. -

Using the average value of 0.058.mg-U/kg, the ICRP methodology .
ylelds the following: .
(0.058 mg-U/kg)(70 kg)

(0.43)(7.5 L/min)(0.001 m>/L)
iy

Renal Injury Exposure =

= 1259 (mg-U/n>)(min) .

It is recommended that, for purposes of safety analysis
. ASy . ‘Oﬁw ’ -"’W'da -t ’w% ot VT, ses evt e
consequence evaluation, an_exposure level of 1250 (mg-U/m Y(ain)

-
-

-??shoulﬁﬁfgméﬁnsideredaﬂgﬁpgoducing renal igjury-for exﬁagﬁigggjmes ﬁﬁ%%ﬁﬁ bt

less than 30 min, and.(0.6) (1250) = 750 (mg-U/m>)(uin) should be

édonsidered as the renal injury expohure level for 60-min exposures,

Linear interpolation should be used for exposure times between 30 and
60 min. .

Although Morrow was the only toxicologist to.provide time-
dependent exposure level (product of the airborne concentration and
the exposure time) estimates, the use of his 60X reduction factor for

- 60-min exposures seems prudent. In a discussion with R. A. Just,
Morrow indicated that using linear interpolation between 30 and 60-

min would be appropriate., The relatively small 10X reduction




. e
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Table 2, Summary of Estimates of Renal Injury Exposure Level
. Exposure Exposure -
: Basis Levsl Time
Toxicologist Health Effect (mg=U/kg) (mg-U/m”)(min) " (min)-
Hursh Reversible Injury 0.07 1,307
Leach Renal Injury 0.04 1,375
Morraw Injury 10.05° 1,000 <10
SEA,  sette 900 .30 | e,
600 60 ’
Wrenn Onset of ‘i)ainage 0.07 1,500 .
‘ L
Average 0.058 * - 1,296
Range of 0.04 to 1,000 to
Estinates 0.07 1,500
80btained using Morrow's éetimates for a 10-min exposure

time. . , ’ T

R * : .
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provided by Morrow for the 30-min exposure level has been neglected.

3.3 Estimates of No Effect Exposure Level

Table 3-shows the exposure levels estimated to result in no
effect. Using the average value of 0.03 mg-U/kg, the ICRP

nethodology yields the following:

Maximum No Effect Exposure Level = (0.03 =g-U/kg)(70 kg)
' (0.430)(7.5 L/ain)(0.001 m/L)

. = 651 (mg~U/n>)(ain) .

For purposes of safety analysis consequence evaluation, it is

recommended that an exposure level of 650 (mg~U/m3)(min) should be

considered the maximum 'Nb Effect” exposure level for exposure times

less than 30 min, and (0:6)(650) = '390 (ing-*vlm ) (min):Efould FestEed

.. for 60-min exposures. Linear interpolation should be used for
At < TRRREReY s TR T R AR 5%4‘&“1‘:{*.
exposure times between 30 and 60 mnin, . &

3

MK
- .. [
.

3.4 Implementation of Uranium Toxicity Recommendations

.

Figure 1 shows the recommendeq estimates of soluble urauiuﬁ'
toxicity. As noted on the figure, four health effect levels have
been established: No Effect, Mild Health Effects, Renal Injury, and
Lethal, The Mild Health Effects regime corresponds to exposure
levels that may result in observable short~term'biologica1 effects,
but these exposure effects would not, in themselves, result in.either

a short- or long~term impairment in the body's ability to function, .

-~ Ve,

o~ > . P ol
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Table 3. Sugmaéyléf Estimates of No Effect Exposure level

I Exposure
Basis’ . Leyel
(mg-U/kg)  (mg-U/u”)(min)

Exposure -
Time -

Toxicologist (min)

- time, . Lo R -3

Hursh 10,054 o0 1008

Leach 0.0157 7 . 550

200 <10

180 0

120 60 .. s o

Morrow 0.01 -f?;fig,f{.

.V e eeip

Wrenn 0.04 870

Avérage . 0.03-,i5"f'ﬂ," - 6572
200 to

0.0l t5 t
1008% .

Range of S
0.056 . .

Estimates

‘80btained using Mbrrow'#-estiﬁﬁte’for a 10-min exposure - BN
S IRy
g

~ TR s A
- - - il .

- o

........
-

- ‘e
Lo T
NS

v e
vt .




(AIRBORNE CONCENTRATION) X
(EXPOSURE TIME) (mg-U/m®)(min)

35,000

uud
;g

1250

750

650

390

| //RENAL INJ§ 'Y POS IBLE /
710% LETHAL U ;

/)

LETHAL
50% LETHAL LEVEL . é

R%;NA!: INJURY

RENAL INJURY LEVEL

NO EFFECT

EXPOS%RE TIME (MINUTES)

' F §re 1
Toxici ty of Acug% ExpdSures to Soluble Uranium

71




. 4.1 ~Estimates of the Lethal Concentration Level

15

3

The toxicologists were asked to estimate uranium toxicity for

. exposure times of 0.5 to 60 min. Therefore, estimates of uranium

toxicity for exposure times greater than 60 min shoulﬁ'be based on

the 60-min toxicity estimates.

4, Estiimates of the Toxicity of Hydrogen*Fi;oride

Availadble estimates of HF toxicity include estimates fro Nre '
% otoRL, il e ploht 32 0

as well as guidance provided by.the Occupational Safety and Health

Adninistration (OSHA), the National Inetitute for Safety and Bealth

(NIOSH), and the National Research Council. Table 4 summarizes

available HF toxicity data.

Zagnan < . i ’

Wrenn estimated-thaﬁgagginbaledég;gggyrgsofqggpooo.(gggg; DR -
Br/ma)(min) would be lethal for exposure -times of 0.5 to 60-min. .It

is recommended that, for purposes of safety analysis consequence

evaluation, an inhaled exposure of 53,000 (mg-BF/m3)(m1n) be

considered lethal.

4,2 Estimates of the Irritation Concentration Level

As noted in Table 2, Dr. Wrenn estimated that an HF
concentration of 26 ng-HF/m? vogid‘oﬁiinfeshlt‘ih itfitaﬁion for any‘
exposure .time. The NIOSH/OSHA 30-min “Immedfately Dangerous to Life

or Health" level and the National-Research Council's 10-min emergency
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Table 4. Summary of Estimates

of Hydrogen Fluoride Toxicity

Exposure
Concentragion Tine
Source Effect (ng-HF/m”) (min)
(see Section Detection by 0.02 to -
4.3) Smell |
National Short-Term Exposure 5 15
Ingstitute for Limit (STEL)
Occupational
Safety and
Health (NIOSH) g
NIOSH Threshold Limit Value 2.5 480
(TLV)
Occupational Permissible Exposure 2 480
Safety and Limit (PEL)
Health '
Administration
(OSHA) .
National - EBmdrgency Exposure - - - 13,3 ~ g 1O
Research Limit
Council . v g . ) . . Sy
NIOSH/OSHA Immediately Dangerous 13.3 30
to Life or Health
(IDLR) .
M. E. HWrenn No Effect 2.6 Indefinite
Irritation 26 Indefinite
Lethal® 105,000 0.5
26,000 2
10,500 5
5,250 10
877 60

-
3

. . '.
e 2o RS -

3Yrenn's HF lq;haliSy estimates
level of 53,000 (mg-HF/w’

are
)(min).

based on an inhaled exposure




{3

17

exposure limit is approximately 13.3 mg-BFlm3. Therefore, it is

recommended that, for purposes of safety analysis consequence

evaluation, an HF concentration of 26 mg-EF/m should be considered

for exposure times of 0 to’ 10 min, and ‘an HF concentration of 13 3

mg-ﬂF/m for exposure times greater than 10 min should be considered

as the 'Irritation‘Level';

&, 3 Estimates of the Odor Threshold * , .
Wg«gx ,g_&g : : N .a’.x,irn PRRY F 2 g h‘./.;,— -

. The NIOSH criteria document for occupational exposures to HF

cites two Ruaaian reports that indicate an HF ‘odor threshold of 0.02-

to 0,04 wg~HF /m 3 (4,5) Hovever, a third report indicates that the BF

odor threshold is approximately 1 mg-BF/m .;6) It is recommended Y

that, for. purposes of safety analysis consequence evaluation, an HF

A ) T T s lisgagceﬁggeygg
concentration of 1 mg-ﬂ?/m should be considered "Detectable by ‘ :

53 ﬁ%ﬁ%f *i"“**.%‘%f»w%

4.4 Implementation of Bydrogen Fluoride Toxicity Recommendations . T

The recommended eatimates'oi ﬁr;toiicity'are presented in
Fig. 2. As noted on: the figure,:iive health effect levels have been
established: No Effect, Smell}No'ﬁealth Effects, Smell/Possible
Irritation, Irritstioanossible Health Effects, and Lethal.
Estimates of HF lethality should be based on an inhaled exposure
level (airborne concentration * exposure time) of 53,000 (mg-

HF /o) (min).




HF CONCENTRATION (mg-HF/m3)

Pt
W

w N
w O

N
tn

QO

I

X
t

(EXPOSURE TIME)Z LETHAL
Y/ _EQUALS °
X/ 53,000 (mg-HF/m3)

(miny)

IRRITATION/ &
POSSIBLE - LETY

4
HEALTH : LEVEL /
EFFECTS gamjmion LEVEL 2%

P L LA LA L

SMELL/POSSIBLE]

WRRITATION -

DETECTION BY SMELELEVEL SMELL/NO HEALTH EFFECTS
0 10 BC
EXPOSURE TIME (MINUTES)

e
. Figure 2
Toxicity of Acutg;;ﬁxposures to Hydrogen Fluoride
.',ri;, .
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5.0 Use of Information in Safety Analysis Reports

ihe‘data.and;recommendatioaé preeeoted hereia.do“aot atteapt;to .
account for the many variables that nust- be addressed in accident
'evaluations for safety analyaia reports. 'i'hese variables include,
) .but are not limited to. ability of personnel to eacape quickly.
‘physical activity level at time of exposure, variation in the apatial
: concent?&tion of-the U and,KF, and protective breathing apparatua'
worn by workers., Theae all must be considered when using the
. exposure levellconsequence recommendationa if a proper risk

evaluation 1s to be made in the safety analysis report.
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20 December.f983

Sone chaﬁves have been made in the estimates prov;ded
Iy ysars ago relatlng deg*ees of biological effect to the amoants
of uranium hexafluoride acutely inhaled by exposed humans. These.
changes and a table of related exposure times and alr uraniup
concentrations are. submitted below. On following pages please

find notes whlch supplement the notes supplied earlier in the

light of the expévz§enta1 wofk conducted in the- interim.reports Aetpewy

of which we were requested to review, May 1 note that as before
I have not supplied es;iﬁates for hydogen fluoride inasmuch as
I have no special competence in that area: -

[ EE N EN NN N NN NNENNRNNN]

B __.;E%;%
ACUTE LUNG INTAKES
2874 . .. »
g d :. oy ~’m‘ml" o . DN
December 1979 ) December 1983
. . mg. U _ mg U
lio effect(Maximum) - 5 , 7 5
Dlecomfort {Minimum) . s any concentrations greate
: o than 10 mg U liter
Oncet of health effect 7.2 10
IDsp -30 days v 100 " 280

No intakes resulting in permanent physiological
- injury were estimated because of insufficient
biological evidence.

o0 RSy,




MATRIX LISTING ESTIMATED URANIUN CONCENTRATIONS IN -AIR
SUFFICIENT TO PRODUCE BIOLOGICAL EFFECTS AS NOTED
WHEN THE EXPOSURE WAS FOR STIPULATED SHORT TIMES.

Exposure No effect Irritation®- Repairable Ibgg

t,’{me in % max. conc. inaury
‘minutes™ o CEERR L g g o BiTLe,00NC,
mg/liter o P mg/f’i’.ter ng/liter
- 0.5 ~3 . 1. éﬁm . . 2 . 56 .
2 V38 ' ' .50 BEUY
10 075 .10 2.8
60. o125 T e SRR ¢ £ RiYS

Adpr PR 27 e il

* I estimate that irritation occurs at all 'time

periods if the concentration exceeds 10 mg, T/1iter,

P00 000000 COOSICEQOEEPIOOIGOIOOTY

#* I have assumed a minute volume of 10 liters.




SUPPLEMENTARY NOTES - DECEMBER 1983

These notes are to be counsidered ag a supplementary update of the
material sup};l:led in December 1979.- :They.z.lre intended to justify the
selections of the est:lmateé given.on pages 1 and 2 of this report and to
"make known my p.osit:lon on the.' five questions raised by the experimental
material reviewed.-

. . 13 ’E‘n view of the dog a_t}d rat data (NUREG/CR-2069, l.JUREG/CR-loluS)
sho;i;'.the esti:mat'e of the t:.;rest:oi;. Eor re;;;;;bie i:;}u::y ,'.t;:t;he k;;ey- o?
man be change(i'? The animal data show 0.1 mg U/kg for rats and 0.02 mg Ulkg

(%]

for dogs as the minimal dose wbich,cau'se-a reversible kidney injury. The
déta from the Rochest;r' experim“énc of man (.1) i'tzgicz;tes that patients 3, 4,
5, and 6 rec.eived in;ravenoua doses of 0.016, 6.030, 0.042, and 0,071 mg U
per kilog:m{’ﬁ thag'di:‘é?r':. - Only i:ati;..;t;‘lc shoved minimal sigus of kidhiey %
_injury dn repponsemw.r battery of tests., A totalo%gﬁgfke%h e
. 11) exposed to. acc:_lde.ntal release}; of UF6 sustained absorbed .d'oses.of from
1.3 to 4.0 mg U/ké. In none of £hese cages was ‘.albumin found in the urine;
.Subsequent medical examinations were all negative.- Using these data as a
'guid;z,'fl 'l?ave selected 0.07 mg/kg as a reasonable value for men,
_i:.xtermediate betwqen the dog ';nd the _’rat'. The reference man (70 kg) would
on this ba‘sis reach the reversib.le injury 'tﬁreshold when he had inhaled
10 mg U equivalent to 5 mg U absorbed into the body. |

2. What 1s the effect of the first injury-producing dose of UFG? ,_Can
complete recovery occur?. Is tolerance induced? NUREG/CR-2268 questions
the beliéf that injury to the .kidngy ‘can be complete}y'repaired., The .
‘bi.;)chemical tests return to normal at different rates {:ost exposure but the

implication of the data is that given time all the tests show normal

ety o, e




"function. However, histological evidence of changed cell structure and - -

persistent injury (at 66 days) is cited, as well as more extensive injury
when a sécond dose was admfnistered at 60 days and specimen were collected
60 days laeer. The key to the question may be the definition of
“physiological recovery.” 1 believe that there 18 a dosage range that

produces injury from which recovery occurs f{n the sense tﬁet there 1is no

clinical evidence of funccional impairment. There is abundant word of

mouth evidence of.induatrial exposures, return to work and nd aﬁﬂEEqueut
history of kidney failure. Separate surveys by Howland, Butterworth, and
Lippman attest to this (1).

NUREG/CR-2268 finds no evidence of tolerance to low level injury
effects afrer tracheal instillation of 002?2 when a second dose was

delivered 60 days.after the first. ;
= - CHERO. e B - RSN w2

3. Should specisal consideration be given to aerosol size in the -
b e S B My RSN

WS :
specification of uranium air concentratious required to produce the -

specified biological effects at chosen exposure times? If the July 1978

. ICRP 1ung model 18 used, it may be found that for our purposes 50%

absorbtion is epproxima;ely correct for MMADs from 0.2 to 5.0 microns. As

_ reported by L. J. Leach, Gelein et al., 1983, ("The Biological Effects of

Hydrolyzed Uranium Hexafluoride (UF6) when Inhaled by the Rat and Guineas

Pig,” to be issued) particle size rarely exceeded this upper limit.

: 4, Can the added effeet.of HF be disregarded aed 1imits 'set only on
the basis of uranium~-produced potential injury? It would appear that,
although some differences exist between the effects of Hf ag reported in
the literature and in experimental work under réview, the answer 18 in the

affirmative. S : : N

?
2
3




S. Do the results of the experiments reported by L. J. Leach, et al.,
mandate an increase in the estimate of the LD50 for man? A rela%ed
quespion is: Do these data discredit the premise that dose can-be- '
e*bréssed as the product of uranium concentration'in the air times minutes
" of exposure independent of the-exposdfé'time~span? Please refer to Fig. 1.
(attached) which plots calculated ‘ninute volumes for rats versus _- -
concentration of uranium in the air breathed. Leach's experiments PD, 1C,
2C,- 8A, 9B, 'and 7A provided the data which were used in the following
equation, Cel

. inhaled mg U/min .
ml/min = - U7iiter aix %1000 ... . <o

From this figure it is véty clear that the high LD50 - 2 pin of
34 wmg/kg is simply a consequence of the rats holding theéégbreath. Thigg .
tabular data supplies only 2 points for the curve in Fig.»l, marked as 7A
(4 m}/min) at 80 g U/cubic meter and (18 ml) at 0. 95 g U/cubic meter?ﬁﬁg@w
The points responsible for the ascending portion of the LDSO = 2-nin curve_
are associated with concentrations in gxceSS'of'BO g U/cubic meter and
according to the fig. 1 curve would ‘relate to minute volumes less than .
9 ml. The 10-min exposufe'data'ﬁro?ide-ah'Lpso estimate of 17 mg U/kg and
' only 2 points on the rising ‘phase ‘of the graph are'a;sociated‘with
éoncentrations gieate: th;h'lS’gléubic"meter;“,It is likely that the normal
minute volume for the rat is nearer to 56 ml which was the average of 6
rats exposed for 60 min and is the point PD on the Fig, 1 graph.

Sup;osing that the above interpretation is valid, what can-wé léa;n

from the experiments? I do not believe that in setting up prospective

"accident situations it is prudent to assume that man would behave exactly




——— ———

11ke a rat. For one thing rats have a much more sensitive sense of smell
and it i3 safe to assume that either U or HF has been detected with the

resultant reduced-air intake rate. The ability of the worker to hold his

- breath or to breathe sparingly may be a safety factor, but it can pléy no

part in the prospective accldent scenario. It is clear that additional

LD;, experiments need to be done using exposure times of 20 and 30 min.
Inasmuch as' '
1. -use of the 2-min series which applied-.to man would specify 2.4.g ,u.
inhaled (1.2 g absorbed) would be {ll-advised;

2. the "educated guesses” (December 1979) suggested 1 mg/kg equivalent to --
0.14 g inhaled (0.070 g gbsorbedj. This is a factor of 17 times lower.

3. based on the 10-min rat series, the LDy, for man would be 1.2 g inhaled

(0.60 g-absorbed); . .
i R . -
4., the educated guesses are based on very 1it§1e hard evidence and the

R y %, . g . ‘ -‘.;?_’ . e i .
LDSé”(iO-ﬁin rat series) if multiplieﬁ by 0.3 dight appfﬁi%gice normal

breathing results, yielding an estimate for man of 0.36 g U inhaled as

. @ rat based LD,. . _
I have settled on an intermediate estimate of 0.28 g U inhaled (0.14 g
absorbed) as producing an LD50 - 30 days for man.
Figure 'l 13 also my bagis for a guess that irritation may develop at

uranium air concentrations greater than 10 g/cubic meter,

John ﬁ. Hursh

L T

Ut .




60

50

|

40

30

20

Minute Volume (mL/min)

‘10

|

PD
1C
< >; 8A .. A YR AR
C . . . d . " .

x JA

T T T m Y T T T T 1
10 20 30 40 50 60 70 80 90 100

Concentration (g—U/m*+*3)
‘Fig. 1. Data from L. J. Leach's Lethal Dose Experiments




John B.Hursh
. 34 ¥oodland Road
Fittsford,N.Y.
14534 .

. 17 Decemdber,1979
Explanatory Notes . . ‘
1. I have provided estimates for the UFg matrix only,inasmuch
as 1'am not qualified to predict effects from exposure to HF,
2,1t is implicit that chemical injury to.the kidney is the gover-
ning eriterion and:that,for the range of enrichment postulated,
-and for the same exposure to UFg the radlological injury is
substantially less, ; P U o
3.In £11)ing in the matrix I have relied primairily on the guidance
" provided by reports of accidental exposures of workers to UF
. relcases, The:data avallable in June 1972 .have. been-ollected in
Table 4.9 ,pg 221. ,reference (1), To these data may be added the’
report of sn accldent occurring 1 July 19?7 (2), In the inter-
pretation of these data it must be appreciated that estimates of
intake depend on the measurements of urinary excretion of uranium,
It 15 possible ta make reliadle stipulations of the amount that
entered the blood,because carefully controlled intravenous injec-
tions of man have-been performed and show that an averaﬁe 725"
of the soluble uranium injected appeared in the. first 2h-hour
urine(3,4). In order to infer the lung input from the blood input,
it is customary to use'a-lung model. Generally-speaking,early
2ccident reports used the. 014 -ICRP-NCRP 1 model{S) ‘which
Jpostulates that 254 o” the soluble uranium aled would be trans-
ported to. the blood:3A newer, more specific and more detailed .
model has been presented b khe Lung.Model Task Crébp.e{Bld’
slightly modified form it is descrited in reference (6), Using

. -:his ing::;ggigodel .assig?ing th: :ganiuq.ae;o:gl to Class D
prs Lranspo ALY, asgu SERAL Fhe.ANAL- O spar: en » .
- 0.2 pn.-stipuxatégm naefg?tﬁiéfﬂir L3755 the “uramiis e’

passes into the blood, This distinction”in the manipulation’of .
urinary data has been taken into consideration in deriving the
limits on lung intake, - - ° - -, . ST
4.Inasmuch as the kidney i designated as the critical orgsn it
nakes no difference whether the.exposure ¢ime-is 30 seconds or
. -efght hours, The.reason for this is that the iung clearance °
. half-time is short -(equal or less than. 2.5 -6 hours,(7).)
compared to'loss .from the kidney equil to 15 days (1) and therefore
‘the maximum concentration produced in the kidney is the sanme
for present purposes, Consequently the next step in £illing out .
. the matrix was to;develope lung intake ranges(regardless of
exposure times) which would fit the effect categories, .
5.The *no effect” '1inlt on intake emerges cle:rli fron the acclident
data and.in n{»du emnent may be set at O0-Smg. lung intake,
The upper limit selected is reenforced by consideration of
the intervenous.injection series carried out at University ,
0f Rochester and at Oak Ridge (1), Basset et a2l found a thres-
hold foér transient kidney damage at at 3.9 mg, uraniua inter-
. ..Yenous {equlvalent to 7.2 mez, lung intake), Luessenhop et 2l
. {0ak Ridge study) estimite borderline kidney damage st O.ing -
per kg.body weight{ equivalent-to about 14 mg, lung irtake for a
reference man at-70 kg. body welght, - ) . :




J.B.H,

6., The acecidnnt accounts and Intravenous studies formed the
basis for selection of a range of lung intake which would bring
about complately repairable kidney damage., This range is designated
as $-1$ m~. uranjum, :

.7+ 1 found great difficulty In in finding any data which would define

an Intake which would produce transient physical discomfort., It
is. true. that Howlands account (1) describes three seriously in-
jured cases which wer® "unususlly nervous and apprehensive” but
these individuals suffered repairable kidney damage as well,

1 find equal dlfﬁcult{ in designating inputs which would
produce "permanent physio o§lca1 damage™ snd"permanent disadbility”,
It is truel;.hgtgart\}l'?al st:d ;s hivadreve?lgdinigplasmsiand widespread
fibrogia (1) buf this study invelved an inhalatlon period of §
ye’g"x"s’s"a%z"‘lhe Yurig"uffects were prd‘c’fuc‘&'&-"vﬂ‘?&nsolubge uraniun part-
icles. I know of no way to extrapolats to acute accldents Involving
soludble uranium., Indeed it is'my opinlon that these effects could
not be produced by short exposures to soluble uranium, Hodge.
in his thorough-goling review of the literature (1) quotes the
doses used by many Investigdtéra td produce-experimental nephritis.
in animals, Consideration of the doses used suggests that many
would be lethal to man, . .

Finally it is of ‘infereast that.dlsregarding these effect
categories creates only "7, holes in my response to the matrix,

8+ The-selection_of the threshold for a lethal effect In man can

not beifirmly based on accident data, Howland’s account (1) reports
the death of:2 méfiz=but the doma .is not well defined and the:
presence’ of ‘€Xcess '8 oA assb14 €64 with. th¥iBEGAdction of HR  conpli-
.cates the Interpretation. The insufflatlion éxperiments using

soluble uranium introduced into the lungs of rabdits come nearest

to providingiRrpul _gfﬁqs.t-a:!l}@&ﬂ EEted anount: ittlgias-.
ng’.p( er 3 gggdbs t. ¥ 538 we e‘dsgg ng{%‘?k ) B Aamﬁl
- animal data may be found in the literature review by Hodge{see
Chapter 1 ,reference (1)) Selected data from this source yields

the information that from 0,35 -» 2 was found: to be a lethal
dose in a variety of animals, Luessenhop{it) estimates thé lethal
dose for man at L mg, /kg. body welght. Ericsson et al (9') estimate
the lethal dose for man at 1 mg./kg. basinf their choice on animal
data with 3 range of lethal doses- from “0.1 ag,U/xg of body weight
to 20 mgU/kg of body weight,”,.Thomas (/()°states that "Based on the
ICRF lung model ,150 mg of soluble uranium may be lethal if inhaled=.

"1t should be noted that approxizately half this amount would enter

the blood. The fact that all.of these sources agree in choosing
about Imz/kg of body weight asm the lethal dose should not be unduly
regarded as Inspiring confidence in the result, All estimates
are based on the same lnadequate experimental data,

The value that I have chosen as lethal i3z s lung intake equal
or greater than 100 mg U, in the form of a soluble compound, This
inplies s transfer to the blood of adout SO mg U,

9. It may be that a maxinmum of %oxicity occurs as the .concentration
of uraniua ia Increased through the range specified in the matrix,
One can imagine a concentration so great that little If any of the
uraniuvs would be resplred, I do not have experlence In this area
‘and if such an aggregation and precipltation of uranium particles
does occur my response would need to be moditled . As specified In
an earlier section,I have assuned depomition In the lung to occur
‘a3 specificd in the Task Grovp Lung Kodel.

. ea
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TOXICOLOGIC ASSESSMENTS OF ACUTE EXPOSURES TO HYDROLYZED URANIUM HEXAFLUORIOE

1. INTRODUCTION

As part of an ongoing anaiysis of existing and pianned uranium (v)
enrichment faciiities. Union. Carbide Corporation, Nuclear Division ‘

- (uce-w) s’ assessing the human health consequences of postuiated
uranium hexafiuoride (UFS) accidenta1 discharges. UF6 and its
hydrolysis products Uoze and HF are chemically -reactive and toxicrn
therefore it seemed prudent that we iore fully understand the health
effects associated with these toxicants.

After reviewing the scientific iiterature, it was clear there 1s a
paucity of knowiedge concerning the human heaith hazards posed by
exposure to UFG' UOZF2 andfﬂF from accidentai reieases of UFS.

Therefore, the.main objective of our recent work {Leach, Gelefn
et al., 1983} was to coi‘lectfstoxicoiogiesihfoma'tion from*new animal
studies (primarily with rats) to estab1ish a dose-response data base
for estimating human heaith hazards associated with acute exposures to
hydrolyzed UFG. " These studies are briefly summarized in the first |
part of the report that fo1iows. B

I1. EXPERIMENTAL
Forty-six single exposures of ten rats each, and 13 exposures of
six guinea pigs each, conducted for two, five or ten minutes duration at

air concentration levels ranging from 0.44 g U/m +0.16 g HF/m to -
276.67 g U/m3 + 94,07 g HF/m3 were carried out 1n a nose-oniy

gy




IIl.

exposure unit designed specifically to handle the hydrolysis products of

'UF6. Survivors of each exposure were individually housed in

metabolism cages where they were observed for 14 consecutive days for
signs of U and HF intoxication. On the 14th day postexposure, selected
rats were humanly killed, necropsied and samples of major organs were
reserved for histopathologic study and U analyses. ¥hen enriched_UF5
(94 percent 235U)rwas.used‘ the urine and feces from each animal were
measured daily for U content by.gamma counting. Selecte& samples of
urine were bloassayed in order to trace.the course of renmal {njury

during the two week postexposure period.

HIGHLIGHTS OF EXPERIMENTAL FINDINGS
A. The quantitative relationship between the air concentrgtiod of

Uo,F, (an aerosol) and HF (a gas), in the exposure chamber was in

~ good agreement with theoretical values predicted by the hydro]ygis

equation. u-:gatrz;..ii-zo» UO,F,- + & HFaweThis ds.demonspratdds. | 2 -

graphically in Figure 1, where the HF concentration (g/ma) is plotted

against Uban-éoncentration (g[m3). The dotted line is the

theoretical redression curVe_derivéd from the hydrolys{s equation listed

‘above, and defines the equivalent ratfo of UOF, : HF as 1 : 0.26.

The solid 1ine fs the regressfon curve obtained from evaluating the air
concentration data in &l]'of the studies in which we had analytical
values for HF (39 out of 46). The regression equation based on our
experimental data 1s: Tog HF = -0.341 + 0.867 log UozF2

(R, = 0.91).

This may be compared to the theoretical regressié& equation which is
Tog HF=-0,587 + log U0, F5,

"
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FIGURE 1.  THE RELATIONSHIP BETWEEK THE AIR-CONCENTRATION OF W,F,
"~ AND HF IN.THE EXPOSURE CHAMBER. THE REGRESSION EQUATIONS
ARE SHOWN BELOW. .. ..
. THEORETICAL —reemmee-- Tog HE = 0,587 + 'log U02F2
- - . EXPERIMENTAL ~—moeees” 1og HF = -0.341 + 0.867 log u02F2

’




_ B. Since there was little evidence of HF toxicity in surviving
animals examined 14 days postexposure, attention was focused on the
clearly demonstrated thic chemical action of the U componens
'(UOZFZ) of hydrolyzed UF,. Urine bioassays indicated mild to
severe renal injury at all concentratfon levels and exposure durations
. tested, ascept the Yowest (0.44 g U/mS *+ 0.16 ) HF/mS) two minute
exposure of rats. “Rats exposed at 0.55 g U/m3‘+ 0.24 g HF/m3 for
five mf nutes exhibited mild marphologic changes in renal tubules,
glucosuria and enzymuria. e, .

. . L4
c. Histopathologic ‘studies fndicated that the kidneys of rats exposed
at all concéntratiap levels of hydrolyzed UFG. except the two lowest
in the two minute exposures (0.44 g U)m3 +0.16 g HF/m3 and
2.18 g U/m + 0 71 HF/hsl showed evidence of the classical renal
'1njury associated with 6U toxicity when examined 14 days after
exposure. The lungs of surviving rats, examined 14 days postexposure; -
showed no histopatholog{c changes that could be attributed to the
inhalation of UOZF2 and HF. However, some of the anfmals that dfed
during exposura and shortly thereafter, showed congestion, acute
inflammation and focal epithelial degeneration in the upper respiratory
passages. The tracheas, bronchf and lungs showed acute inflammation
with epfthel{al degeneration, acute bronchial {nflammation and acute
pulmonary edema anq inflammation, respectively. These changes in the
respiratory tract may be due to the.inha1ation of HF but the severity
lwas judged to be rarely 1ife-threatening (except at the extremely high

exposure levels) and would not change the overall mortality picture in




these studies except for,the‘predisposing,a few animals to a somewhat

éarlier death.

D. Presented in Figure 2 are dose (air concentration of U in g/m ).

vs. response (probability of death) curves for two, five, ten and 60* -

- minute rat studies along with the generei equation and specific values
- for a and b:uhich reproduce each ourve. ’lt should be noted that the
."slopes of these curves are very steep between 0.10 and 0.90 probability
‘of death. indicating that for,g small change in air concentration of U
- @ large change in the predicted mortality will occur.

E.  Sumarized in Table 1. are selected exposure data including
biostatistical evaiuations of'tbe‘dose-mortaiity {nformation. If

,,ﬁottention isafocused on the last: column in the .lower portion of the

table it can be seen that the dT products of the two and ten minute rat

§tﬁdi§s differ signi*?@antﬂygiﬁﬁ?&ating that the product of air Lt S O

concentration of U in g/m (C) X exposure time in minutes (T) does not

‘have a constant value for a given biological effect (in this case LC50).

F. Dosefmortaiity curves for two minute rat and guinea pig stndies
are compared grabnicaily in Figure 3. These curves indicated that the
rat is two, four and 20 times more, resistant to hydrolyzed UF, than
the guinea pig at:theicorresppndinsfLCSO. LC10 and LCO.1 points on the

curves. Thiéudifference'in:species susceptibility is not an uncommon

* These data were taken primariiy from other sources (Horrow et al.,
NUREG/CR 2268)
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TABLE 1. SELECTED DATA TAKEN FROM THE UNPUSLISHED REPORT OF LEACH, GELEIN et al, 1983

NO. AND - NO. OF EX- EXPOSURE - DOSE (Ar Concn in g U/m°) VS RESPONSE (% Mortality) BIOSTATISTICS

SPECIES . PERIFENTS — DURRTION - 1cs0,, day SOEV 95% CONF. INTER.. LCI0y, 4 95 CONF. INTER.

o (min) _
150, RATS 15 2 - 120 1N.5 99.3 - 146 55.0 40.0 - 76.0
170 RATS 17 5 38.6 ; 7.08 26.8 - 55.7 10.5 6.48 - 17.1
140 RATS 14 10 120 %% 1.04 10.1- 4.3 - 5.6  3.65 - 7.29

51 RATS 7 60 0.74.% 0.5 049~ 1.0~ 0.27 0.12 - 0.47

&

he Oy

78 G. PIGS 13 ©o2 62.1 7 11.12 43.4 - 88.8 13.5  .5.45 - 33.5

(Table Continued)

c S O L
AIR CONCN IN g U/m® VS % MORTALITY BIOSTATISTICS - PRODUCT OF THE LCS0,, 4,(C) AND EXPOSURE TIME (T)
— — 3 S '
LC0. 11y 4o 95% CONF. INTER. ¢ (g U/m) Ts(min) ¢-T. (g U/m>min)
o103 403 -256 120 2 240%
© 0.65 0:12 - 3.68 - 38.6 5 T 193
- 0.84 0.32 ~ 2.20 ‘ 12.0 10 120*
0.03 0.004 - 0.18 3 © 0.4 60 44
-0.51 0.03 - 8.88 62.1 2 124

-

*. THESE NUMBERS ARE STATISTICALLY DIFFERENT AND INDICATE THAT IN THE RAT STUDIES THE CT PRODUCT

3 ' p

e
’)
”
A~

wa?
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FIGURE 3. A COMPARISON OF THE DOSE-RESPONSE CURVES FOR RAT AND GUINEA PIG
EXPOSED TO THE HYDROLYSIS PRODUCTS OF UFG FOR TWO MINUTES
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finding in toxicology and shou'ld be examined in greater depth in order
to more accurate1y predict the position of man on the mamnaHan |
sensiti vity scale under the unique exposure conditions of UF6

accidental discharges.

G. In our new anima] studies glucosuria was the most sensitive
indicator of renal injury associated with exposure to *6y, Using the |
rat data, an attempt was made” to_ determine the highest dose of afrborne
U that produced no _decemabIe*e‘leﬁ.tion in glucose excreted in the .

.urine. In Figure 4 glucose excretion“in um (minus the control value) 1§

plotted against the 1n of the ai r concentration of U in g/m . As .
shown in the figure, the number obtained was 1.36 g U/m “for a two _
minute exposure to the hydro]ysis products of UFG,

| H. Ina: simﬂar manner as above, we tried to estimate the highest

absovbed“d"’f@‘of U which’ wou‘ld produce rio ‘measuresble - elevition ﬂ&i&;’w:‘,_‘

‘urinary glucose. "1In Figure 5 total qucose excretion 1s graphed
-agéi nst the 1n of the absorbed dose ‘of U {n mg/kg. The value obtained

equaled 0.024 mg U/kg.

DOSE'RESPONSE ESTIKATES FOR THE RAT USING OUR'NEW AMINAL DATA ~ <

_(Leach, Gelein et al., 1983).

A. Dose-response estimates for rats exposed to the hydrolysis
oroducts of I for two, five or ten minutes duration are given in
Table 2. Included in the table are predicted biologic effects ranging
from LC504,4 4,.t0 2 "no 111 effects” level, Corresponding absorbed

-,
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GLUCOSE EXCRETION VS AIR CONCENTRATION OF U IN SELECTED STUDIES WITH RATS
EXPOSED TO THE HYDROLYSIS PRODUCTS OF URANIUM HEXAFLUORIDE FOR 2 MINUTES

Glucose Response 2 Min. Rat Exp.

10 000 TT 11 l l T 11 [ | SRR , LI LR '_‘ LI r! Tid { | DL [ 1L IR R ] ' | LR l L IR »—
8 000 =
o, - 3
2 - n
- 5
$ 6 000 | .
d - -]
o e 3
n- - 3
o s -
9 - .
3 = b
© 4 000 —
S - =
At - 3 J
- . E . Y = -633 + 2063 1n U (g U/m”) -
2 000 Ry = 0.94 3

F L11*L1|1 soslevasbavealaesstsgaalenaslaagat f;n;q-

0
0.0 05..10 }i 2.0.. S.. 3.0 3.9 40 5 5.0
| e S“;z(g/mz) o2

HIGHEST ESTIMATED AIR CONCENTRATION OF U PRODUCING NO ELEVATION IN GLUCOSE
EXCRETION = 1.36 g U/m

FIGURE 4. GLUCOSE EXCRETION IN pm PLOTTED AGAINST THE 1n OF THE AIR
CONCENTRATION OF U IN g/m
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TOTAL GLUCOSE EXCRETION VS ABSORBED DOSE OF U IN RATS EXPOSED FQR TWO
- MINUTES TO THE HYDROLYSIS PRODUCTS OF URANIUM (U) HEXAFLUORIDE (UFG)

30 000 ;

N
o
(=)
o-
o

15 000

10 000

Total Glucose Excrefqd

Y= 19515 + 5254 1n DOSE (mg U/kg

lllm‘jlllllllllll.llllllllllllllllllllljlljllllll |

JTTT]ﬂ_”]lIlllH1lllﬂll”‘ﬂ!lllll”lrllmlllllllmllll

5 000 | Ry =072 E
._~_- +* g
- 0 Iltllljjjlllllllljlllllljllljillljllll_ullljjl_j_lllllllllllj!l-
. : —4.0-3.5-3.0-2.5-2.0-1.5-1.0~0.5 0.0 0510152.0 25 30
B, .. ~f, . BRI 'l\ DOS (@gégg) ‘ , o .gb’a«m-

W& g

TOTAL GLUCOSE EXCRETED = TOTAL GLUCOSE EXCRETED DURING 9 POSTEXPOSURE
DAYS - 585 pM GLUCOSE (CONTROL VALUE)* -

* 585 pM GLUCOSE = BS'i:M ‘GLUCOSE/DAY X 9 DAYS

HIGHEST ESTIMATED ABSORBED DOSE PRODUCING NO ELEVATION IN GLUCOSE '
EXCRETION = 0.024 mg U/kg : :

(AR

FIGURE 5. GLUCOSE EXCRETION-IN ym PLOTTED AGAINST THE n OF THE
- ABSORBED DOSE OF U IN mg/kg




TABLE 2. DOSE-RESPONSE ESTIMATES FOR RATS EXPOSED TO THE HYDROLYSIS PRODUCTS 'OE
URANIUM HEXAFLUORIDE FOR TWO, .FIVE OR TEN MINUTES (Based on 'data taken
from the report of Leach et a], 1984).

PREDICTED MEAN AND RANGE OF ABSORBED MEAN AND RANGE OF CT PRODUCTS* IN 95%

EFFECTS  DOSES (mg U/kg BODY WT.) CONFIDENCE INTERVAL (mg U/m>-minutes)
LOW  MEMN HIGH  LOW MEAN HIGH
LCS0y, 4o 375 5.00 {és.as 144,500 184,333 237,800

\ ehe :
W g, TS0 200 F2.50 49,600 71,367 103,500
LCO.1yy 4o 0.23 0.30 0.3 4,020 10,750 30,530
RENAL INJURY 0.060 . 0.080 . 0.100 2,260 2,750 3,540

(NON-LETHAL )

“NO ILL EFFECTS" . 0.030 | 1,100

* CT IS THE PRODUCT OF THE AIR CONCENTRATION IN mg U/m3 (C) AND EXPOSURE TIME IN MINUTES (T)

-cl-
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doses of U were estimated by c]ose inspection of the rat experiments
utilizing 94 percent 2350 enriched UFG. The numbers in the columns
in which the low and high values for the'95 percent confidence intervals
of the LC50, Lgto, and Lco,l_were calculated by averaging. the

" corresponding confidence values?andlnuitipiying by the respective

exposure times of two, five or ten hinutes'(data obtained from Table

1), These low and high valués provide a range of CT products associated

with the predicted effects and corresponding absorbed doses of U.

el s |
B. A dose-response matrix“for‘rats exposed to hydrolyzed UF6 is
pictured 1n Figure 6. - Here the predicted biologic effects, shown in
Table 2, are recorded on the matrix and can be equated to air
concentration of U: and HF and exposure times from one to ten minutes.
It should be noted that. the interfaces between bioiogic effects are not

precisely defined in this matrix. ¢ ‘ 4
. ?m’,;‘_ W ’W" % " . ,_%ﬁ., .{,\i'.,,‘ eEh \f,::'.

. oose-nsspouse ESTIMATES FOR MAN

A. In our new animai studies we went to great 1engths to closely

. nimic the extraordinary exposure conditions caused by accidental

releases of UF6 uhich produce extremely high airborne concentrations
of UO?_F2 and HF (sometimes eXceeding 100s of g/m ). The oider
animal data from the 19505’ (Voegtlin and’ Hodge) and the very 1imited

" human inforuation fully discussed by Hursh, Horrow and Hrenn at ORNL on

Y

December 8, 1983 do not reflect these unique exposure conditions or in

the case of the human data refer to the specific toxicants in question.

1 therefore take the position that our new animal work (that refiected




FIGURE 6. RAT DOSE-RESPONSE MATRIX FOR EXPOSURES T0 THE.HYDROLYSIS PRODUCTS OF NATURAL' URANIUM HEXAFLUORIDE:(UFG)
( Predicted Primarily From The Unpublished Animal Data of Leach, Gelein et al, 1983 )

HF (mg/m°)

U (mg /nd)
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~b
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exposure conditions closer to the real-1ife situation) be used as a
framework for predicting human health hazards associated with acute

exposures to hydrolyzed UF6 unti] more pertinent data becomes

. available. .Since. our Iimited guinea pig data suggests a two-fo]d

“same as ‘thatﬁfqor ¢H& rat, except a saféty factor” of 2 bas been app"l?%g :
- to the CT products (see Table 3}, This is a somewhat‘different approach

sensitivity difference between: this species and the rat, 1 uould,suggest
that a safety factor of two be employed when extrapolating odn é&f data
to man. This, I believe, uouldfput our pnedictions'fdr:}atsiin‘good
agreement with Hursh's, Morrow's and Wrenn's predictions for man up to
the point where exoosure may be lethal. Here; fﬁe‘diiergence of-opinion
is hinged primarily on definitidns of degree of Tethality. Sfnce there
are no human data to anchor these points, I would use the rat data with
an applied safety factor of 2. See Table 3.

-.8.EE ) Presented in Figure 7 1s my version of a ggse-response matrix

applicable to man.' It should be readily apparent that the matrix is the

than the one 1 bresented at ‘the becenber'1983 Heetiné where i used a
sliding scale safety factor of from 12 to 30.i Khile the s1iding sca]e
is more conservative and probably justifiabie; a safety factor of 2 across the
board seems .to be sufficient at ‘this ‘time. ‘
S
C. The infornetion“in Table 3. can also be summarized in grabnical
form as shown in Figune 8A'ﬁerefthe bredicted‘hea]th‘eifects in‘numans.
Tisted on the vertical axis, are p1otted against the in of 2 dose parameters (1)
the estimated absorbed dose of 1] 1n n@/kg of body weight (see upper scale
on horizontal axis) and (2) the CT product of air concentration of U in

mg/m3 (C) and exposure time in minutes (T).
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TABLE 3. DOSE-RESPONSE ESTIMATES FOR MAN ACUTELY¥ EXPOSED TO THE HYDROLYSIS PRODUCTS OF URANIUM
HEXAFLUORIDE (Based primarily on adjusted animal data taken from the report of Leach

et a]. ]984)- " i
PREDICTED  CRITERIA USED  MEAN AND RANGE OF ABSORBED  MEAN AND RANGE OF CT PRODUCTS*

EFFECTS IN PREDICTIONS DOSES ( mg U/kg BODY WT. ) (mg U/m3'minutes )
' - LOW . MEAN . HIGH LOW  MEAN HIGH

LC50;, 4 RAT DATA/2 1.56 2.50 3.32 56,744 92,167 120,572

LC10,, 4o RAT DATA/2 . 0.47 1.00 1.56 17,287 35,683 56,744 b

LCO.1qy 4o  RAT DATA/2 0.08 0.15 0.47 2,952 5,375 17,287

w 2

RENAL INJURY  RAT DATA/2 0.015  0.040 0.080 550 1,375 2,952

(NON-LETHAL)
"NO ILL EFFECTS® RAT DATA/2 ‘ 0.015 550 °

e

* CT IS THE PRODUCT OF THE AIR éon,ceumnon,ggm,mg :U/m® (C) AND EXPOSURE TIME IN MINUTES (T)

R

e




l IGURE 7. MAN DOSE- RESPONSE MATRIX FOR EXPOSURES TO THE HYDROLYSIS PRODUCTS OF NATURAL URANIUM HEXAFLUORIDE (UF )
( Predicted Primarily From The Unpub11shed Animai Data of Leach, Gelein et al, 1983 )
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L.} = LETHAL TO 0.1% OF THOSE EXPOSED
S= ”NO ILL EFFECTS"

I = INJURY (PRIMARILY NON-LETHAL RENAL)
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FIGURE 8. DOSE-—RESPONSE ESTIMATES FOR MAN ACUTELY
EXPOSED TO THE HYDROLYSIS PRODUCTS OF UFg

(Primarily ‘based on adjusted animal data from Leach et al, 1984)
UFg + 2H0 -UO,F, + 4 HF
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The data points on the graph are predicted values for LCSO.‘4 da’
LC]Olq da and LC0.1]4 da through which a regression 1ine has been drawn

. to define the areas of more subtle toxic changes such as non-lethal ren-

al injury. The dotted 1ines roughly describe the 95% cdnfidence intervals

for the respective responses and have been adjusted to produce one inter-

face between successive effects.

The principal advantage of this graphical display is that it clear-
1y shows the relation between predicted health effects, -the absorbed dﬁse
of U and the CT product of fhe exposure. These relationships are needed
when evaluating the hazards of acute exposures to UF6 and its hydrolysis

products.
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Conclusions and Assumptions Basic to the UF

" Exposure - Time Relationships '

I. Background

(A) The new at‘:ute*UF6 exposure studies of Leach et _a_]_'.. (1983) provide.
important information in several key areas. Firstly, there is the extended
obse.rvation that acute UF6 toxicity is based primarily on the h'e’phrotbxicify '
of the +GU fon except possibly under the most severe exposure co;xditions'
where some evidence of pulmonary injury also occurs. The associated upper
ajrway injury could also be due to the action of HF gas.- At 'the. present time,
one can only consider this evidence of pulmonary injury as an additional
effect which does not modify the lethal outcome of acute UF6 exposures

except temporally. The acute toxicity of uranyl uranfum {is based on achievi ng
a certain renal uranium level. This toxic level can result from a myriad
combination of *6y concentrations and exposure times (minutes, hours, up to

a few days) because renal uranium retention is rather persistent (half-time

measured in weeks to months) in comparison to the durations of .acute exposure.

(B) The new UF studies (Leach et 2i.; 1983) suggest that the absorbed
fraction may be smaller with very h"lyi“fsu'éont:entratitm (>100g U m"3)
expos.ures probably due to"le_ss: deep ung penetration and absorption; .
consequently, the CT product of a 2 'minute exposure is at least a factor of 2
higher than any equally lethal CT combination acquired over ‘Ionger times (5-60 '
minutes). In other words, very hich airborne uranium concentrations
(>100gm 3) may be somewhat less efficient in delivering 2 lethal dose

than lower airborne concentrations when the time is proportionally adjusted.
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This statement should not be construed to mean that equal CT products should
be expected to yield equal biological responses. This is not axiomatic in
toxicolgy. When it does apply, the time interval is usually very limited and
the dose-response data have the same slopes. The Leach et al. data indicate
that the CT product for the acute lethal Hose response in rats.cannot be
presumed constant between 2-10 m1nute§, although the dissimilarities at the

L.C50 level are not major ones.

(C) In the recent studies of UF6 by Leach et al., one airborne 1}
concentration, which was not effective in producing renal injury (biochemical
changes) in rats, was approximately 0.44 g o3 during a 2 minute exposure.
However, with 5 mins of exposure, a concentration of 0.58 g U m'3 was
clearly jnjurious.to the kidneys. Assuming a 150 m1 minute volume for the rat
and a 0.3 absorbed fraction (Leach et al., 1983), then the following estimated
Sbgorbed doses result:

2 min X 0.15 1 m‘ln"1 X 440 uq.U 1"1 X 0.3 a 40 yg U/rat

5 min X 0.15 1 min™! X 58 g U 17 X 0.3 = 130 g U/rat
Assuming the rat weighed 250 g, then a factor of 4 converts the absorbed dose

-1 and 0.52 mg U kg'l,

per rat to absorbed dose per kg, i.e. 0.16 mg U kg
respectively. These estimated doses are completely consistent with those
reported in the subacute toxicity studies (Morrow et al., NUREG/(R 2268,

1982), wherein absorbed or injected doses of 0.1 mg U kg"1

were found to be
close to the renal injury threshold in the naive rat, whereas 1 mg kg‘l was

definitely injurious by all criteria.

(D) 1In this same 1982 study, the rat, dog and human data were reported to be

qualitatively simitar, but evidence indicated the rat was less susceptible to
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U-induced renal injury than the dog by nearly a factor of 10. Earlier human
studies (Rochester and Boston) at the lowest administered +6U doses, seemed
to yié‘ld results which were the most comparable to 1982 study with dogs and..
rats, with respect to U excretion and injury. On the basis of this level of |
dose-effect comparison, man appears.to have an intermediate ‘'susceptibility.

The 1983 rat and guinea pig 'studies of Leach et al. show that the:rat s
also a more resistant sp’eci.e' than the gi/i:i'nea' pfg. On the basis of LESO's, a
fac.tor of 2 is indicated, but on the basis of extrapolating the dose-response -
curve to the L00.1 region, the difference appéars much greater, perhaps a
factor > 20.° This evidence on multispecie susceptibility is far from
definite, but collectively it sqggest"-thét ‘direct dose ‘per body weight scaling
of the.rat data will underestimate the renal toxicity in man by possibly a = -
factor of 2'to 7. These factors come ‘from interpolating between the 0.16 mg- ~
kg™! and the 0.5 mg kg™!

0.07 mg kg™

doses taken from the new UFe rat study, and the
cited as the minimal dose found to produce renal 1nju;'y in the
human studies with intravenous urany) nitrate (Morrow et al., 1982). It is-
also relevant to note that according to ‘}:he'irecent report of Smith and Gelein
(1982), uranyl fluoride appears to be’ SOhé%at’mo}é'pdtent‘in its renal
effects than uranyl nitrite, so it would be prudent td assume at least a
factor of 7 between .rafdosé-efféct"éhd'humah'-dose-éffect data expressed as

absorbed U per kilogram body welght, "

(E) On the basis of the propositions put forth in (D), it follows that an
absorbed dose of around 0,01 mg U kg":l (20 ug kg’l) represents a dose
which will produce minimal, probably “acceptable®, injuty 1[\ more susceptible

buman subjects and probably no detectable injury in the average person.




By the same reasoning, the rodent lethality data deserve at least this
factorial adjustment, i.e. reduction by 7. Furthermore, one has to consider
the f&ct that any dose-response analysis such as the LC50 leads to a
probability distribution of’responses; subjects will die at exposure levels
below tha;.prodpcing the LC50, while others will survive that same dose.
Consequently, 1f one takes the rat lethality dose-response data at 2 mins
exposure, for example, the LC50 is 120 g U m’3, the LC1O is around 55 g U
m’3 and the L(0.1 appears.to be around 10 g U m'3. Thus, a variable
degree of risk can pe derived from these data. Unfortunately, a specific or
acceptable degree of risk is not implicit in the usual dose-response m;trix
(e.g. Finamore and Crowley, 1980), be the criterion, death or injury.
Moreover, the use of a particular risk analysis and the establishment of an
acceptable risk level must be tied to its intended application. A level of
risk deemed acceptable to a worker is not credible for a member of_the
public. Risk levels for injury and death must differ. Even death by .
qiffefent means necessitates differgnt levels of “acceptability” due to the
stigmata of certain means of dying e.g. by cancer. In IRP, a 10'4 risk
factor is applied to workers and 10"5 or 10"6 to the public indicating

that a risk level should not exceed 0.01 percent lethality or 1 in 10,900.
Thus even a LCO.l estimation is inadequate for such risk levels; moreover,
estimations of 5 ten-fold lower incidence of lethality is statistically

impractical without a hundred-fold increase in the number of animals tested by

Leach et al. (1983).

(F) The 1982 study of Morrow et al. and the subsequent study of Smith and

Gelein (1982) both indicated that reversibility of renal injury induced by

*6y was not a certainty. Clearly, there were major and persistent




_concefvable that more than 1 g U m

distinctions between naive and previousiy-expOSed subjects in their

b+ U administration. The bases for these distinctions

responsiveness to
appear to be related to a rena1 regeneration or repair process, but this
process does not equate toa return to “normai“ renal function. It may prove B
advantageous to the subject to have acduired a previous]y-exposed status .
especially if certain criteria aré used e g., less susceptib]e to 1etha1

injury. But this is 2 matter requiring much further evaluation before it

'couid be rationally considered as a safety factor ina worker popuiation. 1t

i

has no relevance to exposure of the pub]ic in any case.

(G) If one takes the 2 min LCD 1 in the rat as a basis for intraspecies

-3 -3

extrapoiation, then 10 g U m wou]d be reduced to 1 g Um on the basis

of relative susceptabiiity of rat versus man. See (D) Using this examp]e,
it is also prudent to keep in mind that beside a variation in response to a ,
single dose level, there is an uncertainty in the dose estimated for a singie'
response, consequently, a LC50 and a LCD 1 both require confident 1imits (see
Leach et a1., 1983) and these differ. Even when a specific iethality response )
is attributed to a sing]e dose, this 1eaves an unknown factor to reduce to the
lethality risk to an “acceptab]e' levei. This couid easily result in a

limiting 6U concentration of several hundred miiiigrams per m3

for any .
exposure equailing or exceeding 2 minutes.i For exposure shorter than 2 |
minutes, the matter is far more conjecturai. There are no experimental data
to work with. The possibi]ity of breath holding and other life saving
manuevers are more realistica]iy invoked with.brief exposures. So it is
3 as UF6 could be ‘tolerated for a

fraction of a minute without lethal consequences.




11. Calculations of tethal, Injurious and "No-Effect" Doses -

3

The conf idence 1imits on the LCSO14 data suggest ~20 g U m ~ x min as

the minimal CT product capable of killing half of the rats. The L(0.1 data

3

which are cited suggest that a CT product exceeding 10 g Um ° x min would

be expeéted to kill an occasional rat and more likely to ki1l a small
percentage of exposed workers due to the relative susceptibilities. Taking
into account the statistical uncertainties of ?he exposure data for this
exposure-response region and the susceptibility differences, the 10 g U m'3
x min value {s probably unconservative by a factor 10 to 25, suggesting a
1gV m‘3 x min exposure micht constitute a minimally lethal level. In the.
LDSd14 case; a 2-minute exbosure with a 7.5 £ minute volume (ICRP 30-

1, 150 mg U
1

Reference Man) leads to a 10 mg. ¥ el x 2 min x 7.5 £min”

intake. The LC0.114 data by ihe same reasoning becomes 0.5 mg U £ " x 2 _’
min x 7.5 £ min~’ = 8 mg U intake. Assuming 0.43 absorption (IGRP 30 for
1 um MMAD aerosol), the predicted absorbed dose per kilogram body weight
become ~ 1 mg U and ~ 6.05 mg U, respectively. .
The absorbed dose producing an "acceptable® probability and degree of
renal dysfunction is a;ound 0.0l mg UV kg"1 (see E), whereas 2 0.1 mg U '
‘kg'1 dose is unacceptable in that this dose is expected to produce frank

rénal injury with evidence of non-reversibility (see C and D).

It should be remembered that in -the foregoing analysis of absorbed doses,

the lethal dose-response and injury dose-response data provide a continuum of
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dose-response information. In the case of UFG. the 0.0S:tq 1mgl kg’1
dose-lethality data are associated with a stochiometric amount of HF. At the
acutely toxic levels of U exposure, the HF level could have contributed to’
lethality (see A). In the oveflépbing’ﬁfdliio'I mg U kg™l ihjurioué#d@se

region, the effect of HF is believed to be unimportant (Morrow et al., 1982).

.Below 0.01 mg'U kg, a region of “acééptébléi (no effect) levels of absorbed

dose is presumed to exist and the associated HF levels are definitely

irrelevant.

The foregoing summarization 1ndicates a “steep" dose-response

~ relationship for UF6 toxicity. .e. the range of dose from minimally

* injurious to frankly 1etha1 subtends a comparative]y limited dose range. It

is not unexpected therefore, that estimations of non-lethal injury and lethal

injury limits overlap.




1I11. Exposure~-Response Matrix

The estimates from part 11, which included rounding-off of values, are
basic to the following exposure-response matrix. Since the exposure is a
concentration- and time-dependenf phenoménon, the absorbed doses per kilogram
body weight are first.: converted to total doses; then converted to intakes

(595814%153-) and finally factored into various air concentration, exposure time

components assuming a 7.5 £ m‘ln’1 ventilation which.applies to sedentiary

work states (ICRP ). If a more active work state is of interest, e.q.

20 2L min‘l, the matrix concentration values would be reduced by 2.67 (%%—),
or else-the exposure time would be reduced by 2.67 if the matrix concentrations

prevailed.

Three response regions are imblied by the matrjx. A "no-effect™ region
derived from human data and signified by a maximal concentration; an
injurious-dose region, which extends from-the maximal no-effect dose to an
arbitrary minimally-lethal level; and a frankly lethal dose level, based on a

slicht 1y conservative LC50 relationship derived from the animal data.




Airborne Concentration mg M3

' Maximum o Lethality
Time - ¥No effect" Injury (LD50) -

(mins) (0.01 mlg‘kg'l) , *k (1 mg l_c_g"l)

0.5 T2 4 x 102 2 x 103 4 x 104
HF ’ 1.4 x 104

2 Y6 1 x 102 5 x 102 1 x 104

: HF : ‘ : 3.4 x 103

10 U6 20 - 1'x 102 " 2 x 103
30 ¥ 6 30 6 x 102 -

60 uth 2,5 10 3 x 102

----------

¢

** The response range termed "Injury" is given by a single value. This value

can be considered to be the highest injury level which is not regarded as

. life threatening. However, this level is éxpected to produce relatively

prolonged urinary biochemical abnormalities and histologically-evident

renal damage. -
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Objective:

The objective of this tepqqgtls,to,:eview.pgrtinent toxicologic and meta-

.Vbolic literature on uranium and from it estimate, as accurately as possible, the

level at which short tern exposure to the hydrolyslis p;q@ucts'of OF¢ will produce
in man, no effect, irrit;tion, ;emporary_:eparable physiologicaltdamageq perma-
ngn; bonr:cparable physiolog}calkd§m§ge, ;nd lethality for 50% of the exposed
. population.. No safety factors have been incorporated in the analysis.
The estimate tequgsted,vil;,bglaa§e by identifying cgncengratlons of soloble
U cowpounds‘in‘ggggg,studies {in »g/kg injected) known to cause or not cause (1)

changes in urine and blood chemistry and.(2) histopathological changes in the

kidney. Work in animals is used to.supplement the judgment process and to extend

_the estimation to include lethal concentrations. .
Secondly, concentrations in air vhichivodld lead to the pharmacologic doses
expressed as mgy U/kg body weight necessary.to induce effects will be estizated,

using a sinple metabg}}c_quel,£otfinh§1ed U0,Fp. Work in rats, dogs and ran

" suggests strongly. that such a simple model is appropriate (Mo80, 1e83, Bu372).

Choice of Pharmacologic Doses for Estimated Biological EBndpoints:

. An important set of measurements in man.consists of urine and blood chem-

istries in € patients injected intravenously with uranyl nitrate in sodium .

.. acetate, in dosages ranging from 0.006 to 0.071 »g/kg circa 1948, . The subjects

varied in 2ge from 21 to 61; 2zve:eﬁfeaa1e. They had serious but not immediate
.life,threatening conditions such as.cirrhosis of the liver, ulcers, arthritis, -
and ;ndernuttitition. ,U;ine,vas;neaskred,to:;catalase and urinary protein. XN
cﬁangqg_ve:e.éeennfo;'doses of 0.030 rg/kg or below and.only marginal increases

in catalase and protein for the doses.at 0.042 and 0.070 mg/kg (Hu73).




Luessenhop et ‘al., studied five mostly comatose patients with terminal brain °

tumors using injected doses of uranyl nitrate in sodium acetate ranging from 0.07;

to 0.28 my/Xg. Striking changes in urinary catalase and protein from control
levels (prior to injection) were seen in 3 subjects ceceiving 0.13, 0.17 and 0.28
ng/kg. Cellular debris, indicative of some pathology in the kidney, was observed
" in urine on days 2 thr&ugh 9 in the two higher dose subjects, with a return to
normal thereafter. An increase in urinary output followed all injections save
one. Based on animal studies, increase in urinary glucose is supposed to be the
most sensitive 1ndicitor of kidney damage, but no urinary glucose was found in
any of the patients. This suggests, but does not prove, that the 1nju:y.to the
kidney was reparable and.ce:tainly not immediately life threatening. At autopsy,
wvhich was with one exception later than 42 days post injection, acute tubularc
damage was no longet visible (LuS8, Bu73). .

Stevens et aI. (1980) studied the pathology of injected 2330 (0.3 mg/kg) in-

seven dogs, and in one dog injected with 2383, pBlood urea nitrogen (BUN) was -

elevated in all animals throughout the duration of tests, up to 2 years for 2330,

2383. Stevens et al. suggest the higher alpha dose for 2330~exa¢et-

but not for
bated.the initial kidney lesions produced by the chemical toxicity of uranium.
By t to 2 years post 1niection the 233y content of the kidney was quite small,
but hypertrophy of many of the collecting tubules and thick ascending limbs was

prominent. Upon autopsy of one dog given 0.3 mg/kg 2380 intravenously, no histo—

logic evidence of kidney pathology was seen using conventional light microscopic -

exanination several years after administration, although a transient increase in

blood urea nitrogen was noted in the weeks following exposure (see Pigure 1) .

(G.R. Taylor 1983, perscnal communication). The work by Stevens et al, suggests

that as the specific activity of U increases, toxicity to kidney also {ncreases,




so that the‘gesults cited here are valid 'only for natural, depleted, or slightly
enriched uranium,
 The fact is that there is fnsufficient work in animals tS identify with

confidehce a borde:line between transienc and.pe:manent kidney injuzy. éas‘d on

data available. 0.3 n3/kg is judged the best estimate for the dog and is adopted

| for man without change.

Boback (BOOO), in workers heavily exposed to °é°a and DPz. £ound no evidence
ot u:inaty protein. sugar, or cellulat debria, even though urinary excretion of
ur,nium was ‘a8 high as 2.85 mg U/1 of urine.

For a 75& excretion in 24 h. and a daily urine output of 1. 4 1, this implles
an absorbed dose of 5 3 mg/70 kg or 1ess in these workers, or £ 0.07 mgy/kg. Thus
the absence of urinary indicators of damage is consgistent with the injected cases
surmarized by Hursh (Hu73). Generally, occupational exposure to uranium-has nos
readily produced a toxic response in man, even -though bésf‘?zactiée§~may{have
been rélatively primitive compared to modern plant {ndustrial hygiene programs
(Wr15).

The size of a lethal dose is not known from direct observation in man. -

. Luessenhop et al, estimated It would be about 1 mg/kg, based on the ‘fact that in

' the rabbit, catalasuria began at about '1/10 the lethal dose, and in man ‘catalas-

uria began at about 0.1 mg/kg.  ‘Tf the fange is the same in man, then 1.0 mg/kg

‘{8 about the lethal dose for man, - Durbin and Wrenn ié@ieﬁed:insb's.tot’séveral

. species. The LD¢,'s for man, dog; and rat are all about 1 mg/kg; mouse is less

sensitive, while rabbit is mich more sensitive (see Table 1) (DU75). |
"Based on'this, thé following categories for man are adopted -for this

analysis: -~ -~ S e S o




no effect 0.04 og/kg - no change {n urinary
catalase or protein
obsecrved in man

frritation 78 ng U/n° based on response to HP
in air produced in UF¢ hydrolysis
onset of health effect 0.07 m9/kg transient evidence of

kidney damage, may be
completely repaired without

. loss of significant kidney
function

permanent health effect 0.3 ng/kg ©  possible loss of some kid-
ney function, with definite
histopathological changes
in the kidney for several
ronths, or possibly longer

lethal 1.0 ng/kg value is approximate LDSO

and likely not lethal
_to 100%

' Estimating BEffects for Inhalation Exposure to UP,. Bydrolysis Products

The anizal work in dogs and rats shows, that abgorption to the blood is tapid
and complete, except for DO,F, which Is swallowed. The GI absocrption of uranium
which 1s swallowed is < 1%.

Thus the systemic dose will consist of that which is inhaled, deposited and
translocated to blood. I adopt the ICRP luAg mcdel to estimate this fraction,
which will depend on the particle size digtgibution. For 1 micron AMAD, the lung
aodel (Class W) predicts 43% of that inpaled will translocate to blood. Morrow
found: 33% of the inhaled dose became systemic in the nose breathing rat (Mo82).

In Reference Man defined by the ICRP, the resting breathing rate is 7.5
- 1/min and the'light activity breathing rate is 20 1/min. I wi{ll use both values .

to infer concentration values at which effects would be likely (IC75). . -
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The air concentration and duration of exposure at which a dose of D, (rg,%3)

would be delivered .is given by

zD

‘where I = the breathing rate :in ;malmin.' ‘

t = time in ainutes,
m =  body mass of Reference Man, 70 kg,
£ = fraction of inhaled uranium which beccmes systemic, 0.43.

This reduces to
163 D

C=—y

which is aolw'(ed for the various Des‘-and'both'resting and light activity breathing
rates; the results are shown in Table 2.

The predictions appear consistent for 60 m::mute exposure times with observa-
tions in the rat, where an Lc?;g < 0,71 gin/m3 (4 of 7 rats died in 19 days) was
found by Morrow et al, ('xosz).

The results reported by leach.et al, for 2, 5, and ,10-'.and;60 minute exposuce

are summarized as follows {1e83,1eaB3):

t (minutes) .- - . u:?g {g U/n3) SRR A 3 m?g (gmin/m3)
2 T 420 o 201
S 39 193
T R P 1

0 T e T T a4




The data on 2, S, 10 and 60 minute exposures show clearly (column 3) that
increasing exposures in qram-mlnuteb/m3 are required to produce the sane -
effect. Thus toxicity vas'not linearly related to the product of time ;nd
) qoncentratlon in the zat with short ti;e exposures. This may reflect altered
breathing rates and/or particle agglomeration and reduced pulmonary deposition at
these high concentrations, or other effects. The data at 60 minutes relative to
10 minutes suggests there is a drop by a factor of three or greater in the g-
minutes/m3 chg exposure required to produce equivaleng degrees of lethality.

Prom 60 to 2 minute exposures, the ratios of g—min/m3 to produce equivalent

50
15

Thus the more ptoloﬁged the exposure in the range of 2 to 60 minutes, the

IC, . increases by a factor of S.S.

greater the apparent toxicity, and the lower the concentration needed to produce

lethality. This suggests that the values for lethality only in Tables 2 and 3 A

may be increased by as much as a factor of S. In the absence of an understanding

L}

of the mechanism, I have not made any such adjustment as predictive for man. ’
For a 60 minute exposure, the values for a chg for man, G.14 to 0.36, 2re
below the Lc?g for rat, 0.7. Thus the rat appears to be an approximate, but

probably appropriate, surrogate for man for lethal concentraticns.

Concomitant toxicity of EFs

Although I am not as familiar with the literature on toxicity of EF and
_fluorides, I have reviewed part of {t and made estimates based on the following
assumptions.
| Pirst UFg hydrolyzes completely and the stoichiometric mass ratio of U:HEP.

vhich is 1:0.34, represents the relative amount of HP available to breathe.

’~
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The analysis which follows is baseé*p:imarily on literature in animals and
man dealing with EF toxicity (Ms82).

From Table 3, it is clear that inhalation of EF by rats for time periods

_between S minutes and € hours leads to a high proportion of lethality for t x C

in the zanée of 53 to 72 g P—min/ha. Thus the product of concentration and tize

which is an ICS0O will be taken as 50 mg r-min/m3. Exposures to rats at 1300 mg

Y/m3 for 15 to 30 hinutes produced necrosis and inflamation of the nasal epithe;

lium, but no low'tespiraéory tract pathology. This is equivalent to txC=20
to 39 g r-gin/m;. .

There a:§ several zeporie& 1§£ﬁ31 aééiéents with Br; Iﬁ oﬁe sﬁiash burn
with HP, death occcurred from heart failure subsequent to a ‘fluoride -induced hypo-
calcemlé,'réftaééd:y to clinical management (Te80). Pluoride precipitates Ca in
blood, which 1; the apparent mechanism producing the hypoca;cemic state. Prompt,
treatnent may eliminate a fatal reaction. 1Ingestion of milk may help to convert
solubie fluoride compound; in the stoﬁa§5~;hd‘sma11 intestine té,iﬂe less solubdble
calcium salts,

The‘lack of pulmonary pagholbgy in animals suggests exposure for HF has been
to large pa:tiqles repoved in the upper a;;yay. Whether absorbed from the nasal
epitheliun or in the G.I. tract, absorgtion of BP deposited anywhere in the
respiratory tract will be either very high or complete. Gastric symptoms from
excess EP acidity in stomach have been reported and the vomitus of a severely
exposed individual is capgblg of }9§uc§n9_extetna1 burns, = |

I have pot.bqen“§$1e:to';ﬂen;ify a level produéing peznanqnt_but,gub-lethal
patbological_coqsequenggs.: .

To analyze the expectations I chose the following levels.




HP Bffects {n Man

- no effect

frritation

lethal

Thug C = ———

10

60

2.5 ng P/m> indefinite time (t)

25 ng P/m°

50,000 mg P-min/m3

(Ctle
t

¢ (ng/ad) .

100,000
25,000
10,000

5,000

833

may be tasted

not tolerable for
more than 1 nin at

100 mg/m3

lethal in high propor-
tion of rats exposed to
HP? for 150 gg/m to
14,000 »g/m” for 5 min
to 6 h

for lethality using (Ct)q = 50,000 mg F-min/m3.

»g B/m> associated with

50

the LDao for U for
resting breathing rate

(from Table 2)°

13,900
3,500
690
230

120

Thus, since the expected HP concentrations {n air from hydrolysis of UPg, at

levels where effects of U on kidney may be lethal, are smaller than the LCSO

concentrations for HP, uranium toxicity s controlling.

Bowever, BF wi{ll

probably kill faster, and the experiments by Leach et al in the rat at high UP,

loadings may well reflect P toxicity rather than T toxicity.
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" Noticeable i{rritation of the ng;gl mcosa will occur at EP exposures of 2§
mg/m3 or greater, and 100 mg/h3 has been cal’ed 1ntolerab’e for more tharn 1
minute. This is equivalent to a U concenttation ot 78 mg/m ' uhich ls less than

any concentration ot R likely to induce pernanent k1dney damage for ‘resting

breathing rates (see Table -2), - Thua ir:itation and .an avoidance response in man

U is probably controlled by the sr hydzolysis p:oduct of 0?5 at concent:ations

below those 11ke1y to ptoduce kidney 1njury Erom the exposure to. uranium. -Thus

people involved in accidental ekpokﬁtes'to‘aizborne U?s'able-tO‘take action to
avoid breatl ing it fucther vould do 80 at lower concent:ations than those likely

to produce kidney 1njuty.
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TABLE 1-

{from Du75)
TABLE 2. Toxicity of U0,(NO,),*6H, 0 adzinistered to animals, evyressed
as W0gp/30, N :

Ixposure Single p 30 datly i.g_. 30 dasfly 30 inhalaticn |
injectfon%® . dnfections? . - feedings® . exposuvres®

- (g U/kg) (ng U/xg/eay)
‘Raddit S0 e 23 0.0
Guinea P“ °a3 — ‘ . — . 107
Dog 2.0 S e AT 0.42
." c.t - 3 — — 001" 092
: . :
t Rat . . ’
< gale 2 0.38 1070 . 1.6
" fezsle 1 ) w'—- — —
Mouse : ..
¢+ altfno 6€~-8 C - - 1.7
| C,H 20-25 ‘ - . 2000 , R
CEaven and Bodge.“ Tannenbsuz and ,511ur::on¢.57 -
2 32 T

Yayrard et al.

. ° .3 R

cpog. ven and }lodgt:"e_ rabbit, calculated frox dats of Faven and
‘Rodge”” assuming 150 Séday eatent by I-kg Tabbit; vat, caletulated from
dats of Miynard et ct¥* assuxing 11.2 g/dsy eaten by O.2-‘k§ Tat;
‘Bouse, calculated frot data of Taanertauz and Silverstone. 7
SCaleulated from ¢ata of Dygert €3 ¢1°* or certined lethaldity of UFg,

. VO, Ty, 808 L0,(NO,) °6H,0 assuming ‘miaute volunes and average, body
weights as follovs: dog, 3000 =1/min, 10 kg;. radbit, 700 wl/min, 3 kg;
guisea pig, 115 vl/ein, 0.3 kg rat, 118 =3/ein, 0.2 kg; ©pouse, 27

.%ll/ein, 0.03 kg. -The equation &% shows fo legend of Fig. 20.

¥A11 other tét data ave for wales and fm!e'i Ecr.‘.:!nea.




TABLE 2

Concentrations of U in Air at Times of BExposure Associated with
various Responses in Man (n ng U/m3 Alr

No observable Onset of Permanent LC 50/30
effect danmage damage LD 50/30 is
t (min) 0.04 mg/kg 0.07 mg/kg 0.3 mg/Xg. 1.0 3/kg
Resting (7.5 1/min breathing raﬁé)
0.5 1,740 . 3,040 13,040 43,500
2 435¢ 760 3,260 10,500
10 87 150 650 2,170
30 29 51 217 724
60 14 25 109 362
Light Activity (20 1/minute breathing rate)

0.5 652 1,140 4,890 16,300
2 163 285 1,220 4,070
10 33 57 245 815
30 _ 11 BERT 81 270
60 ' 5.2 9.4 41 136

Leach et al conclude that thecre are no measurable effects on rat kidney, based
on pathological examination of tissue from animals sacrificed at 14 days
exposed to UPg for 2 minutes at a concentration of 440 m=g U/m3.

In practice, these concentration estimates should generally be rounded to one

significant figure, or at most two.
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TABLE 3

Results of exposure to HP

2.5

standard

Anizpal t C (og !’/m3) 10’3 Ct (min) * Remarks Ref.
rat 15-30 ain 1300 20-39 necrosis and inflama-  (Ro63)
: inflamation of nasal
epitheliun, Ko lower
respiratory tract
pathology
rat 6h 148 53 1£100 in 3 hours. No  (No79)
. signs of pulmonary ,
dan;age' o
rat -5 min 14,400 72 10100 in S minutes = (Di71)
rat 60 min 1100 €6 1CS0 in 60 minutes }mo76)
dog 309 h 5.7 263 damage to lung 1{wa78)’
over ' and liver ;
50 days
"dog S weeks < 3.3 emphysema in dogs (Wa78)
guinea 50 Qays 6.7 LD2/3 . (Wa?8)
504
-Pig .
man 25 ... irritation of (Me34)
lower alrway
‘NIOSE occupational - (NI76)
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