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I. GENERAL COMMENTS

Dr. McClellan and his associates continue to administer
&an outstanding laboratory investigating a problem of con-
sideratle applied interest. The staff is generally young,
competent and enthusiastic with an zppropriate admixture of
rore se?soned investigators to lend a proper balance. The

Ve

increment can be added to an obv‘ously quality performance.
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II. SPECIFIC COMMENTS
k. Nature of radiocactive aerosol

One of the strengths of the Lovelace Fission Product
Inhalation Program (FPIP) is the fact that most of the inhal-
ation experiments have been carried out with careful attention
to the ghycical-chemical properties of the aerosol. This

roach seems to offer the only reasonable hope for
into a manageable schema the wide diversity of
zerosels that are found in real exposure situations and the
site visit team reccamends that these studies continue until
the accumulated information begins to approximate the demands
cf actuel or strongly anticipated situations. It is important,
therelore, that scme attempts be made toward applying the
experience gained by the use of these special zerosols, both
to demonstrate to what degrce the behavior of the more complex
zerosclsz can be reasonably synthesized on the basis of the
Fresent experience and to discover whether certain important
factors may have been overlooked.
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In discussions with the staff, there was some evidence
cf a cesire to undertake extensive studies of aerosols produced
in varicus types of existing plants. VWhile this might lead
to better knowledge of the diversity existing at present and
Las scie value for FPIP as noted zbove, we think such aerosol
sarveys should not be more than a small fraction of the total
effort in this regard. It would t2 surprising if the basic
information now in hand enables one to model more than the
simplsst situations, e.¢., a highly soluble radionuclide such
es 13’¢ in its usual forms.

It was most encouraging to hezr about the in vitro
solubiliity studies and the extent with which they cross-checx
vith the biologzical behavior. wWe urge that this effort be

contirued, perhops expanded, and that at scme stage of the
wOrx comrarisons with animal exposure data be undertaken.
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This may not be entirely possible by using data from the
long term retention and effect studies because of the
infrequency of sacrifice in those studies. However, the
early data (one to two weeks) would be of greatest interest
for the initial comparisons of in vitro and in vivo methods,
and perhaps a few short-term studies could be initiated
without undulyv dslaying the chronic studies.

RECOMMENDATION:

CONTINUZD EMPHASIS ON IN VITRO SOLUBILITY STUDIES AND
PARTICULARLY COMPARISONS BETWEEN SUCH EVALUATION AND BIO-
LOGICAL BEHAVIOR.

B. Radiation dose patterns from inhaled nuclices

The present dosimetry is excellent by present standards
but may need future modification. It now appears that dose
estimates to suvregions of the lung will be considered in
radiaticn protection work of the future, although probably
not as the primary standard. A research program such as
FPIP should apply dosimetry which will elucidate the extent
to which particular doses correlate with hazard, e.g., dose
to lymph nodes (individual noces?), dose to bronchial
epithelium or adjacent tissue, etc. The current program con-
tains a certain amount of this finer dosimetry but the latter
is apparently not being used systematically in interpreting
effects. The same criticism aprlies to bone (endosteal cells
vs. red bons marroy, etc.). Dos2 to lung is obviously oXf
primary concern for FPIP but if relative hazard to lungs vs.
liver or skeleton is to be assessed, then one needs fine
dosimetry in these organs as well.

The models for retention zre cood but may need to include
more identification for vurposes of a meaningful cdosimatry.
The "rapid exchznge" and "slow exchange" compartments of the
skeleton as well as of the lung model (sce Fig. 6, page 97,
of LF-43, UC-48), ccm2 to mind in this regard; the latter
shows no clearance pathway from the pulmonary region to the
GI tract. Such a model may be zdequate for reproducing the
retention data on the dosg but this is probzably not the wmain
purpose of modeling. Since orz has the data on the dog, merely
reproducing the cata is of perirheral value. Of prinary interest
in modelingy are (1) to provids & basis for dssimetry and,
ultimately, (2) to indicate so ? as possible what the corres-
ponding human model might be. Cf course, it is far more
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difficult to construct a model which world identify more
closely the regions of bone inv:ilved or the various pathways
from the lung: yet the staff shzuld have in mind the above
two objectives in constructinc mnodels. :

There may. be value in usi:: a co==zn nodel for the

in judging the relatlve importz-ce of t-e various pathways
as related toc solubility, cheriz2l aznd fhysical properties

of the aerosol, and metabolisz :zr trensisr of the material

in the bodv. When a different wodel is used for each it
probably would be more difficul: to mzXe such comparisons
than if a commen wmodel is ussd. Ve rezlize such detailed
modaling often may encounter éifficultizs due to a paucity of
data, but feel that it is impcrzant thz:t it be attempted.

The foregoing should not be intzrprets s criticism of the
work that has been done to cate in modsling or dosimetry, as
it is in the best traditions c¢Z the pzsz, i.e., the practice
of averaging doses over organs znd usins retention functions
of a few components which frec::zatly ars not identified as to
the tissue involved. However, zhere arz signs that radiation
protection of the future will zc-2 than this, and
FPIP should be leading the az2 ielz.
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RECOMMENDATION ¢

K gn

INCREASZD EMPHASIS UPCY CITRINING "ORZ DETAILED DOSIMETRY
WHICE E!MPIIZSIZIS SUDREGIONS OF IQOMPLZX TISSUES INSTEZAD OF
AVERACGE DOSES OVER ORGAN.

C. Dose-response studies

when further studies of t:;s kirncé =zre designed, the review
team would strongly urge cons '
substantial numter of dogs ava; : fzr sacrifice. The
functional tests employed thus cd to b2 insensitive
and the results have, to cdate, b cointirg. Thus, to
adequately examine the pathocgar:isi ;£ z particular impailrment
it will b2 necessary to fall T: r2ful biochemical,
morphologic, etc. examinaticn acr c
spect, the disapvointing r2sulzsz of th: previous sacrifice
progran are understandable Tut “ow w 2 consicderable reservoir
of relevant data such a prograt =

3
lced animrals. In retro-

h)
-icht 211 be re-instituted.

A watchful eye still neci: %o e =23t on the number of
roccdures performed routinely Dleood chemistries, hematolog
b
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parameters, EKGs, blood pressure determinations, etc.). The
value of these examinations as diagnostic aids is unquestion-
able but as adjuncts to the dose-response studies the value
is doubtful., It is deceptively easy to collect data, but it
is equally easy to forget that the analysis of these data
cost time and money. The purpose of each individual test
should therefore be clearly defined.

RECOMMENDATICH :

1) FUTURE INCLUSIO!N OF DOGS FOR PERIODIC SACRIFICE:
2) CONTINUID RE-LVALUATION OF THE RELATIVE IMPORTANCE OF
"ROUTINE CLINICAL TLE31S".

D. Pathcogcnesis of radiation-induced disease

Y. Pulmeonary function tests. The above comments on
blood chemistries apply eqgually to pulmonary function tests.
It is appreciated that an inhalation toxicology prograi would
seem incomplete without work on pulnonary function but now that
the initial develowpinental stages have been completed, it is
necessary to tale a hard look at the role such studies should
play in the overall program.

All the evidence avaliable suggests that these parameters
are of little value in the early detection of pulmonary impair-
ment so that, in this context, they can be regarded only as a
costly way of confirming and quantitating clinical observations.
Their sensitivity mav be improved by looking at function uncder
stress as is proposed, but the site visil team is skeptical
that even this approach will prove to be particularly fruitful.
These tests may be useful in following the develooment of
pulmonary damace, but this will necessitate correlation of
functional, morpvhological and possiltly also, biochemical
changes. ' Neverthcless, it scens to us to be dcubtful if the
routine application of conventional techniques as presently
proposed is worthwhile. Techniques using radicactive gases
are said to be more sensitive and, of course, are of great
value in examining regional function. However, it is recommended
that such methods sheould be carefullv cvaluated in the context
of the current program and possible future program with

o{-cnitters

Now that the conventicnal technigues have hecn successfully
adapteé to the beagle, there may bz a tenptation for the
pulnornary function laboratorv to revert largelv to a scrvice

lﬂﬁée If the full potential of this lab is to bo uitilized,
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the involved personnel need to be encouraged to explore
and to devise novel methods of approach.

2. Biochemical studies. These fall into two categories:
a) work with surfactants; b) connective tissue studies.
From discussions with the involved persons, it seems that,
on the one hand, much of the research in these areas, although
of considerable academic interest, has little zpplication to
the overall proaram and that, on the other, soz2 fundamental
problems have not been approached. For exzmple, it is
proposed to examine the relative importance of two synthetic
pathways for surfactant lecithins and yet no method exists
for estimating the overall production of surfactants by the
lungs. Work on surfactants is thoucght to be relevant, if only
because they offer a means of studvina serizl changes in one
aspect of lung metabolism, but a somewhat more structural
‘program needs to be develcred. Most importantly, some effort
needs to be directed towards a method of characterizing
surfactants to allow them to be distinguished from other lung
conponents. Interdisciplinary collaboration could be fruitful
in ongoing connective tissue studies with histochemical
techniques baing used to suopplement the more conventional
biochemical methods. The purszoss underlying this work should
be to establish the mechanisms rromoting fibrosis - this does
not, of ccurse, . preclude more fundamental studies.

3. Studies concerned with synercystic infectiousagents.
This work is thought to be of creat practical importance and
we strongly cncocurage continucd effort in this area, initially
with "tracer" bac¢teria andé, later, with pathogsnic organisms
(perhaps as part of a more wiczly based cozbined insult program).

RECOMMENDATION @

OF ROUTINE PULMONARY
AND COXSIDZEZRATICN OF

;L. REAPPRAISLL OF THE ROLE
FUNCTION TE (wWITH AND VITHZUT STRZSS)
A MORE EXPERIMINTAL APPRONCH IX THIS RILGARD WITH PRIMARY ENDHASIS
ON DEVELOPMENT OF NEW AND 23:: SENSITIVE TIZICIDIIQUES; 2) CAKLITUL
INTEGRATION OF BICCHEMISTS INTO DOSE-RESDPCISE STUDIES WITH
ATTENDANT EMNZENSIS UPON CCR?ZLLLLOA BE7V BN CHIVISTRY, FUNCTION

AND MORPIOLCIY; 3) RE-EXAMINVATICN OF PRESENT ATPRCACH TO METABOLIEHM
OF SURr&aCTANTS.

1) CAREF
ES3
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U
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E. Therapy for inhaled radionuclideszs

Toxicolcgy programs gonerzlly have three zajor goals: 1)

<

characterizztion of the hzzard ascociated ith €xposure to the
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toxic agent; 2) elucidation of the mechanism(s) by which

injury occurs: and 3) development of methods for the prevention
and treatment of such injury. Although each of these three
goals is represanted in the FPIP it is evident that the

current major eZfort 1s in those areas which relate to hazard
evéluation. "e second goal is also being pursued actively

lOglle che ges and pathogene31s. The thlrd goal (prophylax1s
and therany! 1is the most recent addition to the program and

is therefore mc-2 restricted in scope (pulmonary lavage as a
means for re=d>viny inhaled radionuclides). Any attempt to
evaluate this zrsa of the total program requires consideration
of the current lsvel of emphasis and whether there should be
any shift in direction of the present effort.

:11

Basic to any decision concerning the emphasis that should
‘be placed o:n thsz pronhylaxis and therapy area of the fission
product irh:zlztion program is the question of whether short
term and long rznge objectives for this area can be clearly
delineated. Alzhough one does not ne2d to know what causes a
disease to fin ure, the chances of success are improved if
we have a gcod tnd
to prevent cr trea
there are sztisiac

cur
arstanding of what we are specifically trying
t. Thus, the first need is to decide whether
tory answers to questions such as the following:

1) Whzt ares the major toxic effects of inhaled radio-
nuclides? xre these effects grossly different for different
radionuclidss ard for diiferent patterns of lung distribution?

2) Are we concerned primarily about the local effects of
these toxic agenis in the lung or effects elsewhere in the body?

3) Is the :o“al toxic effect of the inhaled radio-
nuclides dus tc radiation or are there other aspects which
need to be considered (metal toxicity, for example)?

4) Are thers aﬁy acute symptoms which require treatment?
If not, do=s tr= wediate oost-expo;xre’therapy have any
purpose other tian to ru.gce the body burden znd delayed toxic
effects of ths radionuclides

5) How prelictive are the results obtained in the animal

studies carrioZ out thus far for the effects which have beon
observed to oc¢cir in humzns?
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Assuming that we have adequate answers for these and
other related questions, it would appear appropriate to
‘distinguish between the therapeutic measures which could
be used immediately after or close to the time of exposure
from those which might be beneficial at a later stage of
injury. In one sense, the pulmonary lavage therapy which
is currently being investigated is not therapy but is
prophylaxis against the delaysd toxic effects (pulmonary
and bone cancer) of the radionuclides. In this respect,
onc might speculate as to how the efficacy of the procedure
could be improved (use of chelators, adjuvants or fluid
combinations to increase the solubility of particles, use
of bronchodilators and cther drugs to increase penctration
and recovery of the lavaging £luid, etc.). An alternate
approach wculd be to look for other types of post-exposure
therapy which might be capable of reducing the radionuclide
"body burden. In the present radionuclicde inhalation program
there is virtually nc effort cdirected towards therapy of
the delayed toxicity manifestations. The program appears to
have develcned to the point where the reszarch team should
concider the types of therapy that might be used in select
exposed dogs. In this regard, it is appropriate to point out
that the inhalation of radioactive materials has been recog-
nized a2s a cause of pulmonary cancer in man for over fifty
vears and in animals for over twanty-five ycars. One might,
therefore, 2sk hew much longer we need to spend defining
the problem vefore beginning to seek solutions to the problen
of radionuclida exposure.

RECOMMENDATION @

THE CURRENT PROPHYLAXIS AND TIEZRAPY PROGRAMN OF THE FISSION
PRODUCT INELZLATION PROGRAM BE CONTINUED AND THAT THZ PROGRAM
BE EXPANDEZD TO IMCLUDE OTHER TYPES OF THERAPY.

ITI, SUMMARY

Remarkable progress has transpired since the site visit
of onec yecar ago. Most of the reccumendations made at that time
have been imdlemenied. Continued dialogue with other inhalation
laboratorics is strongly encouracad in an attempt to establish
corrcspondence of acrosol data. Most of the recommeondations
made by the present site visit tean involve questions of rela-
tive ewphasis and do not inoly a Cxcqgc in course (more detailed
dosinztry, relative importance of “routine" deternminations,
greator emphasis unon structurc-funcltion correlative ctudies, etc.).
A possible ecxception to the fo oing involves the suggostlon that

ne ‘
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o \ UNITED "STATES
ATOMIC ENERGY COMMISSION

HEALTH AND SAFETY LABORATORY-NY

376 HUDSON STREET
NEW YORK. N. Y. 10014

212 989.1000 -

’ March 30, 13971

Dr. R. E. Anderson

Professor eand Chairman
Departiment of Pathsology

School of MNeadicine

University ot New Nexico
Albuquerqua, New Mexico 87100

Dear Dr. Anderson:

I'm writing to give you some impressicas from a two- dav visit to Lo els e
earlier tnis meonth. This visit was intendad to substitute for my ehsen

from the procram review in January. Therefore, the comments are in ter.:'ed
to supplement the dealiberations of the review panal althocugh I regiize 7y
are quite tardy witnh respect to your rezert to Dr. McClellan. Please ercuse
my preoccupation with the aerosol segment of the Lovelace progre=

My strongest impression concerns the hich caliber and enthusiasz of =2
staff and thzir solid accomplishments. The capnability for recognition znd
prompt resolution of problems is remarkable. I have the feeling that {2

sense cof teamwork evidert on the interdepartmental level permeates witiin
departrients as well. The resulis are ccmimendable, whatever the rzesoa.

With regard to action on recommeandaticns submittaed by last vzar's
the attainment of homogeneous 0 A AD plutonium aerosols szems virually
assured. At the time of my visit, the :'-A,L run was under wéy to zreduz2 in-
soluble plutonium particles in several azrrow siza ranges down tc 2bcc2 0.5
AMAD by means of the "spinning soirz!", an adaption of Stokzr's zarcz2!

spectrometar, The process had been cilcted successfully wiia a ~umbizr of
other materials and there was gocd rez3on to anticipate succzss with ziuto-

nium. Iacidentaily, I believe tiis prozass for producing moncdisgarse
is an imporizant advence in the field thz: undoubiadly will be utils
groups after it is published. 1 was also ¢ratified to note pro~ising
generatc even smaller menodispsrss 2:ro30ls (2s had bzen recommandzd)

although attsinment ramains some dis:znce ahead.
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R. E. Anderson : -2 - March 30, 1971

Unless I misunderstood the situation, the recommendation that Lovelace take
the lead in establishing correspondisnce of aerosol data among the various
inhalation laboratories has been implemented only to the extent of holding

ad hoc discussions with representetives of other facilities. This step is
necessary but far short of what the review panel visualized last year. It
may be that Lovelace, having justiiiable confidence in its own excellent
aerosol group, has litt!e motivaticn to push this matter. However, it is most
certeinly to the advantage of all pzrties that inhalation studies performed by
different groups b2 interpretable without the complication of uncertain aerosol
characteristics. I bzlieve it is werthwhile to reaffirm the panel's position in
this regard.

The effcrt to survey sources and neture of airborne particles (rec. B.3.a.)
seems not as vigorous &s it might z=2 although I concede that the task is
formidable. However, the present plan to study samples of plutonium=
contaminated soil from the Nevada Test Site and to collect plutonium air
samples at Dow, Recky Tlats is a gractical, if limited, approach and I be-

lieve that Lovelace should be enccuraged to persue this kind of data acquisi-
tion at a moderate level of effort.

The basis for that earlier recommariation, of course, was an attempt to estab-
lish a bridge betwsen the results of rigidly controlled exposures in the labora-
tory and exposures that cccur in rez! circumstances. This, to my mind,
remains a very important;Jifficult croblem that quite possibly is beyond the
scope of the Lovelace mission. Ncrotheless, Ithink that Lovelace can make
useful contributions.

"

For example, the Lovelace studies s2em to be confirming that knowledge of
both particle size and solubility is nzeded to predict the biological effect

of an inhaled radionuclide. Lookins ahead, then, the practicing industrial
hygienist will require simple, relizz!2 methods for measuring these properties
of radioactive contaminants in the czcupational environment. Development
of such methods is well within the czpabilities of the Lovelace staff and
would seein to be a logical extensicr of their laboratory technology.

Gaining a broad base of informaticr 32out the characteristics of acrosols
released in accideats (which is vitzl, in my judgement, for preparation of

that warrants general consideraticn, zrobably most notably by the AEC. But
the Lovelace staff is in & unicue ccs:tion to determine the quality and extent
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R. E. Anderson - -3 - March 30, 1971

of data that are needed and to suggest approachss, possibly to be undertaken
by other groups, that might best fill the need. I think the Lovelace staff
should keep this under consideration and also k2 alert to situations such as
destructive t=sts at NRTS that can be exploited, with either their participation
or advice, to yield suitable data.

A final point that comes to mind is a question rather than a suggestion because
of my circumscribad view of the overall program. I'm wondering to what extent
the date bzing developed for acute exposures czn be applied to the chronic
exposure situztion which is probably the more typica! in industrial facilities.

I believe this is a proper matter for consideratica by the panel, especially in
light of the reierence to increasing industrial utilization in last year's recom-
mendation to undertake piutonium studies. One might argue that industrial
exposures conrsist of periodic, low-level, acuts episcdes amenable to treat-
ment as summaticas. Actually, this may accurztely characterize exposurss

in a plutonium facility. But I believe this matter warrants some studyv.

Sincerely,

]

N AT
(ih

A. J. Breslin, Director

Health Protaction Engineering Division
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