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Frv _m,

A BRIEF REVIEW OF THE PLUTONIUM LUNG
CANCER ESTIMATES BY JOH!N 4. GOTMAN
By
J. W. Healy, E. C. Anderson. J. F. McInroy,
R. G. Thomas, and R. L. Thomas
los Alamos Scientific Laboratory
October 8, 1973

.
In several reports issued by the Committee for Nuclear Responsibility."z

Gofman proposes a dosimetric model for plutonium in the bronchial portion

of the lung which, with his assumptions as t:> the benavior of inscluble paz-
ticles in this region and the carcinogenic rasponse, .eads to estimates of
very high cancer preduction. It is the purpose of th.s document to review
his basic hypotheses and the rationale leading to the assumpticsns of constzanss
required to obtain a guantitative estimate. For this purpose, we have focused
on those points which we regard as critical <c his hypothesis and have not

attempted to cover all points in the two documents.

THE CHOICE OF A CRITICAL TISSUE

Gofman derives a volume Zor the “"sert.i:e-~t" por:iion of the bronchial
tree using an estimate from the report »f the Task Group on Lung Dynamics of
the International Comnissinn on Radiologica. ?rotec:i-.-n.3 The dimensions used
are referred to in the Task Group repor: as: "The anatomical model proposed by
Findeisen was used in making the calculations although it is undoubtedly an
unscphisticated model." Othor estimates of the pertinent volumes by Weibel4
could lead to higher volumes (and, thus, higher masses for the bronchial epi-
thelium) although there are many uncerzainties as to where one estimates the

end of the ciliated region and the star: of the term:inal bronchioles,
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The bronchial epithelium in the segmertil bronch:, which he estimates to
be about one gram, is taken to be the critical tissue >n the basis that lurg
cancers in hurmans are primarily of bronchial srig:n. The selection of such a
tissue is a reasonably common practice in dosimetry calculations although it
must be recognized that it does involve a furdamental assumpiion that the out-
come is dependent only on the amount of radi:cs.cn tc <nis tissue with the rad-
iation delivered to the surrounding tissue, :r even to other organs, ¢f no im-
portance. As was discussed in our review of t-e hot parsticle hypothesis,s
specification of a dose, by itself, conveys -c kncwledge of the biological
implications of the resul:, This must be dezuzed f£rom axperimental correlaticens
of dose and effect. In the sresent case Gofma- has pointed out that the
experimental data on effects (primarily £rom ssnetrating extarnal radiatico)
are based on the delivery of radiation to al;~3£ the :issues of the lung, plus
oth;: organs, many of which play a supportive role or interact in other ways

with the postulated target tissue. We simplv do nct xnow that the delivery

"

of a dose to a selected part of an organ w.l. iave the same result as the same
dose delivered to the full organ. There aras r=asons 0 believe that irradiaiion
of only a portion will have less effact than tne irradiation of the full orzan.
While this point will have little effect on zhe ensuirg discussion, it is rmade
to indicate one uncertainty which would prevent many scientists from making

-

dogmatic statements as to the outcome based =nly on dcse calculations.
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RETENTICON BY BRONCHIAL EPITHELIUM

Important points in Gofman's hypothesis are <he reduction of the crit-

ical tissue mass o a small value and the ass.oT2tic
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of the plutonium inhaled remains in this smal . ~ass of tissue fcr a l:ing gerisd
of tine.

In his deriva+tion of the deposition and z:tention of plusoniur in the
bronchial region, Gofman assumes that the IC=? Tzsk Croup on Lung D;'namics3
based their repors only on animal data and ::i:cred “he smokers in thz popula-
tion. The fact that the Task Group considare:d :mcking ind indiviiuals who
smoke as a normal parc of the populatica whe s culd Se Included, Dut not nec-

essarily with great fanfara, is indicated oy =2 folloving stateresnz: "The

b

best evaluation of the Phase I clearance, as -.rralily recorted, is <hat it is

a combination of the slower ciliary and rapii :hagocytic processes, with little

"W

reflection of the very rapid ciliary clearanr2 of the spger airways. This
conclusion provides a partial explanation of t"e constancy of the Phase I pro-

cess. For example, a cilisstacic substanze,

W

the rate of mucous transgort by 50 percent fir severzl hours but this would
not be manifest in the measurements cbtaines = the usaal precadurcs.” Frea
this it is clear that the Task Group consicderz<d the relvction in clearance
time for smokers and did not consider it to he a significant factor.

‘As justification for his assumed cleararce rate Gofman presents 2
table from the 1964 report of the Advisory Comnittee t> the Surgeon Gene:a16
which he titles, "loss of Cilia and Epithelial Cell Abnormality,” and indi-
cates the data to be from Auerbach et 31.7 fram this table he concludes, "In

the heavy smckers, who will contribute most ¢ £ the lung cancers, 37.5% of the
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cells have lost their cilia entircly. We can. therefore, with sound reason,
presume that such regions of arsent ciliary furction w.ll clear Pu02
very slowly, if at all.” The 37.5% value care from his Table S1 for smokers
who consured more than two packs of cigarettes per day.

When, however, we turn %o the report of =he Advisory Comnmittee we f£ind
the table titled, "Percent of Slides with Sel2:ted Lesions,1 by Smoking Status

' (emphasis adde:i:. The f{sctrnots states, “"In

and Presence of Lung Cancer,’
some secticns, two or more lesions were found. In such instances, all of <h
lesions were countad and are included---." “This, as .ell as a study of
Auerbach's article7 indizates that the stati:tics given apply to the numter

of slides where single or mul:ziple lesions w:ir2 Zouné and not to the fraction
of the total cilia missing. (A slide consis:ed of several sections of tha
tracheo-bronchial tree with Bne section per sl!ils exanined, and a single lasion,
regardless ¢f size on the section read, wculld indicate that the entire slide
was categorized as containing a lesion withcut cilia. Thus, the majority of
the tissue could have shown undamaged silia 5% would have been placed in :he

category of cilia missing because of the si-

.& lesionr.) Thus, there apgears

g

to be no evidence in the material used by Crfran %5 sippert his assumpiion thas
the 37.5% valus represents regions of this majnitude ~ncre there is absent cil-
iary function.

A key point in Geofman's hypothesis is, then, in the sentence, "It
would not be at all conservative, for such regions, to assume that the half-
time for clearance is 500 days for Puo2 particles,” iemphasis added). Appar=~
ently this value for the clearance arcse from the fol.lowing reasoning:

1. Clearance in the unciliated porticn 5f the pulmonary tissue

is taken as 500 Zays by the ICRP ‘fask GSroup:
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2. The postulated dbronchial lesions are rot ciliated;

3. Since both regions are not ciliated, then thc clearance

must be similar.

This may be adeguate as a formal syllog:sa but do2s not constitute
scientific preof. We have looked for evilence and find nothing to suppors
his conclusion. On the contrary, there are :ifferences in structure betwaen
the deep lung region (pulmonary) and the btroncai over and above the presence
or absence of cilia which cast strong doubt :»sn a sirilar retentien in the
two non-ciliated regions. The unciliated pu.mcnary ragion consists of the
small respiratory bronchicle leading to the aveolus w-ere the oxygen ex-
change with the blood occurs. This is a “"3ead-end” system with ventilation
occurring by successively moving air in and .t o9f the aveoli and respira-
tory bronchioles to the bronchial tree. <Clearance from this region is pri-
marily by phagocytosis and solubility.

The bronchi which serve the purpese of carrying iir from the nose and
trachea are tubeé ranging frzem about 0,5 mm in diametar to about 20 =m dianm-~
eter in the trachea. They are lined with =:l.ated egizheliuwn and ceils which
secrete nucus, The nmucus captures the zpart.cles and zhe cilia move tha mutus,
along with the particles and phagocytes fxom the avecii, continuously upward
to the throat where they are swallowed.

Thus one has the picture of the deep lang as a series of small, dead-end
sacs as compared to.the open ended tube of tke bronchi where a blanket of
mucus is continually present to trap particles and move them upward and oyt of

the respiratory system. Cbviously, the twc systems are completely different
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so that assumpticns that
arbitrary and unfounided,

A critical question in Gofman's hypothes.s is tne
areas and their behavior in resgect to mucus
are normally areas of reduced transport in the

~ian Fazari:s 28 she
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whirlpocls of mucus have b22n cibserved T he3ss points

(¥

posure from radiocactive gparticulates and zcl’

of (non-ciliated) squamous metaplasia and er<as in whi
ey

are denuded of ciliae have bsen cbserved; =uids on

slowly by traction." Hatch and Gr0559 3=23c

tact animal the rate of transgort of the mu:z -ous Il

higher, 18 mm per minute, than cn the excise:l trachia.

tien and expiration affected tha rate of «rL soortosul
ly, somewhat slower durirng inspiration. An intaresting
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and very important ot-

servation referred to the manner in which 3= projecting spur of the tracheal

bifurcation, the carina, is kept clean.

stream of mucin described a spiral path and swept over the carina.

Herz it was roted that the moving

It appearsd

probable to Antweiler that other regions of cronchial and bronchioclar division
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were kept free of dust and debris in a similar manner. Hilding described the

e,

rontly. HKe stated

IS

path of mucus at the openings of dividing passzgzas &

that the mucous blanket 'at the upstream margis of the ogening, ccases its

U

axial progress, divides and flows in two direcztions abtout the margins of the
opening.'"” Dr. Hatch was a member of the ICEF Task Group on lung Dynamics

and, as the quote above irdicates, was well z:ere of the importance of the

potential interrupticns cf mucus flow.

There are a number of repcrts in the litsrature on bronchial clearance
from smokers, ncn-smokers and indiwviduals wit~ allments such as 2:~r:mchi.t:'.s.lo.23
These Mmeasurements are usuaily done with radizactive tracers and the bronchial
clearance is takan to be the ragid phase (<1 Zey!. In general, these have
shown clearance to be delayed in cigarette s-utars, althouch in sore cases it
was increased. However, on careful examinat::r these experiments would nos
detect the in:reased retenziocrn in the bronch:al region gostulated by Gofman
since this fraction would be considered as gulronary lspositicn and the natural
€luctuation among individuals is too great tc cdetect the Gofrman assgmp:ion of

2.7% deposited in the bronzhiclar ragion.

In several of these axperiients, hcwever, the counter used for tha measura-

- ment was collimated and placed to examine the clearance from specific regions

of the lung. Thus, Sanchis et al,11 gave clearance cutves from three regions:

- mainly ciliated, major air-ways: largely non-ciliated air-ways; and an inter-

mediate area reflecting both of these regions. Their curves indicated a slow-
ing of the initial fast clearance period in =mokers from 0.7 hrs to 2.3 hrs but
an increase in the intermediate clearance frzm 22 hrs :0 13 hrs. The deposi-

tion remaining at 25 hrs was, in general, lowar in smokers than in non-swmokers.

LANL
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Morrow, et al.23 described measurements from a csunter positioned over the
carina, where the major bronch: from the r.gnt ard laf: lungs rmeer. The
carina is a projection which is non-ciliated :- normal humans. Their meas-
urenents of this non-ciliated ar=a (plus some o-ontrik:otion from surrosunding
tissue) indicate biclogic half-times ranging “rom 2C-37 ninutss.

A series of direct observations of the offact ¢f ZJefects of the cilia
were made by Hildi2924 using =he trachea Zro~ freshly xilled zows., In such
specimens the ciliary actisn conzinues for a aumter 5f hours a2fser deach and
mucous streaming can be observed. However, .t is not known wheiher mucus
production continues urabated after the cir-.litory s stam is removed, In
fact, several observations by Hildingzs weull .ndicsztes abnormal mucues pro-
duction under thesa conditions resulting in inshoring of the mucous blankec.
This would, undoubtedly, resul% in poorer cl:arance t=an woulld be expected.
Defects in the cilia were prodiced mechaniza.l: and Irdia ink used as a tracer.
Over the period of several hours of the experinent, +-e upsirean rargin ¢f the
denuded area indsed 2id accumulata ink, evarn :acugh it was noted <hat the ink
tended to flow te cne or Zsth sides cof the island., ren a mass of mucus was
placed upsiream of <he denuded area, it was -ulled un:er the maia mass ¢f
mucus as this was partly dragged and part.y :ciled acioss thas island so that
the island was covered. Repetition of the sitdy with the ink indicated that
the upstream accumulation did not seem to ne as large or dense and was more
readily dragged away by ciliary action.

In a sacond experiment, cigarette smoke was blown through the tracheae

of calves' lungs from which the lower third was removed. Thirty-nine de-

ciliated islands were produced mechanically ir the trachea and main bronchi

00130011.009
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of six specimens by procedures similar to those used befcre. In all, only
five islands marked by small masses of far-crnuaining nucus were found afcer
1-1/2 or 3 hours.

These experiments {llustrate “he comple»r -~ature of the depositiocn and re-
tention phenomena in the ciliated areas. In jsneral, tha mucus is wiscous
and cohesive so that the movement is not die = a few :ilia under a given sgo:

but, rather, is due to the combined effect ol many cilia over a sigzabie

o

rea
moving the mucus as a blanket. In discussicr «f the application of his find-
ings to possible accurmulation ¢f cigarstte tars in such an arxza Hilding re-
ports: "It is not to be supposed that every =:ny non-ailiated spet would
cause an accumulation. The malority probably - culd ne:. In most instances,
the mucous blarke+ probably would slide over o around fairly readily. Un-
usuval local conditions of ciliary streaming .ould protably be necessarv.”

In reviewing these expariments, the duratiosn of the retention in such
areas is of considerable importance. Usually, the phercmena were observed
for only a few hours and, :n this time, appar:r:ly impcrtant clearance had
occurred. There is 1o reason to believe that ncoumelations with hall-livas
of 500 days would occur even in these limitzI ragioms.

For suchlaccumulatiOns to occur in the szall tissie volume of the bron-
chial region of cne gram postulated by Gofman, the plutonium must either
enter the bronchial epithelium or be retained v a muccus layer static at one
spot. The former alternative is unlikely on two counts. Lewis and COughlin26
indicate: “Smoking is known to induce loss of bronchial cilia and to suppress
their activity ..... Smoking also causes a de:rease in broncho=-pulmonary sur-
factant volurme ..... These factors would tenc to increase the likelihood of

dust retention in smokers. On the other hand. s:tudies using experimental

00130011.010
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animals have shown that acute lung infection associated with infiltration of
the area with inflammatory cells having phagccoutic zroperties ..... causes an
increased rate of lung dus: clearance. Cigazptte smckae iIs a potent tissue
irritant known to induce infiltration of <he =ronchial epithelium with phago-
eytic inflarmmatorvy cells ..... a factor that m.gnt enhince the rate of dus:
clearance." Secondly, using his values far ‘ne guan<tizy in the brenchial
area (2.7%) retained with 2 long half-1ifz2 ":37 Zays, 2 mechanisa of entzy

into the tissue would predict that, for a rerm:l dust soncensrasisn of

3 - s . . Sy
100 ug/n”, the one gram of bronchial epithel: i would aczumulate at eguilibrioen

some 39 mg of dust. Thus, the tissue would ~>-tzin a-out 4% by weicht of such
dust. In fact, since Gofman zostulates that >-lv 233% of tre
lium in smokers ard 2% in non-smokers are .&=o>lved, s:ch a machanism would

lead to local accunulations such that the <=i;s.22 concentration of dust would
be ‘about 18% in these localized areas. 92f zcursz, (n industrialized commune

. 3
ral times the 100 ug/m

M
0
[}
-
.
i)

ities, the actual concentration in the air mav b
assumed aksove. This, therafcrs, seems t2 He 3an unliX:ly al<arnative.
accumulation is in the nmucus, rthen some mesh:inis~ Ior allswing mucus £9 astumu-

late wizhsout blocxing the air passage musst t: ldevisal., In addision, the fos2

the mucus and, thus,

0,
3y
<

calculations must take into account the enar:, asscrte
cannot reach the bronchial epithelium. Such examinat:on of the possibilities
and consequences of the postulated acsunulaticn would lead to a belicf that
the value of 500 cdays chosen is unrealistically aigh.

One other point which must be coensidered is that although Gofman uses a
value of one gram for the mass of the bronch:ial epithelium, he postulates the

retention in only a portion of the bronchial reg:en 15% for smokers and 23

-
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for non-smokerxs). Thus, the dose is not del:verad ur.formly to the entirs
bronchial epithelium but o these selected r=cions of impaired claarance,
This assumes, particularly for the smokers, that lcce.:ized, intenge irradia-

tion is more hazardous than locwer level irrs:il:aticn of a larje wveluma. This

u

r

is another form of the "hot particl

disczedited.27

hyzct-asis whi:: has been experimancally
The foregoing discussion emghasizes thz Zact tha: the entire basis fcr

the Gofran model of plutonium accumulation, rasulting cadiacion dose and

effects is a sheer assumption. %hile £irm Zata to refute the assumptions are

not available, consideration of the differe-r~es betwesn the Zesep lung and the

¢iliated region along with such measuremert: a5 are arailable would indicata
that the assumption of major accumulation i -on-ciliat2d arsas and retent:ion
with a half-1life of 500 days 1s unreasonarcl:.

The Manhattan District Workers

In Reference‘z, GCofman compares his assumed model against the resuls
from the 27-year study of individuals expcsed in the 2arly days cf the Manhattan
Prcject.zs Yhile we ccncur with the genera. statement oI Gofman tha: thers
are many uncertainties and that the numdber . £ indiviil.als is 00 small =2 pro-
vide definitive conclusions az this time, we o wish %2 point out several fac-
tors in these studies which he has minimized as well as others which appear un-
reasonable.

The body burdens reported by Hempelmann are criticized by Gofman be-
cause they are calculated from the generall; accepted Langham equations29 rather
than the exponential model derived by the Icnpao to simplify dose calculations.

In fact, there are several references on ccrparison £ autopsy results with urine

LANL
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results which indicate that on the average, :-e body hirden calculated fr
. . . N . c . . 31,32
urinary excretion overestimates the value cp-2.ned frea tissue analysis.
An examination of these data, weighting more heavily zie values obrained from
unpublished work using the same method of in-erpretat::cn of urine data as
Hempelmann and those values obtained from inci-viluals vith signifizanc zedy
burdens, indicates that a factor of three to f.ve lowar than the values given

by Hempelrann would be conservative and woul! e more :pprogriate than those

alculated by Gofman from a mcdel dexived f2: other purposes. In fact, the
Hempelmann document indicates that in one cf =re cases studied where a samgle
of rib was availzble, the agreemant was much =:tter than the above factors.,

One other facter ignored by Gofman ia h:s escima<z is the prasence c¢f
plutonium in the lung and lymph rodes even a' .ong times afier exposure.
28 - . - ;

Hempelmann reports that 14 of the 21 persons measurad in 1971-72 had guau-
tities in the chest detectable by the relarialy non-sensitive external :ounter

This included some of those working in the recdvery oserations for whish Gofrman

[1

ascribed a 50-day hali-life for pulmonary bu-dsns. Data included by Hemgelnarn
on oneg biopsy samsle indicated that <he guan iy 3till in the lurng was azcut

12.5% of the rerorted body burden estirmated Trom urinary excration. In addi-

tion, if we accept the estimate of the trachec-bronchial lymph node noss of
Pochin33 of 1S5 grams, an additional 3.5% was present in these organs. (Note.
The urine will not reflect this residual lunj burden since the urinary excre-
tion is a measure only of that gquantity goiny zo the llcodstream.} One indi-
vidual from this group was recently killed i- an autﬁmobile accident. While

analytical results are not available, measursrents of plutonium x-rays indi-
Y

cate that a significant quantity is presert .r the lung, thereby confirming

LANL

00130011.013

600b112



-]l3-

the residual burden. Such an effect is not iacluded 11 the formal ICRP lung
model although it is not unexpected from other findings with non-razdisactive
materials.

If, then, we correct the Hempelmann svstenic hedy burdens oy reduzinag by
a factor of 5, we obtain a value of about 3.3 :C. £or the entire group. I

we assume, on the basis of the only data ava.lable, trat the residuval amount%

I
N
2}
w

.

in the lung and lymph nodes is represarted &, .16 tines the uncsrracssad
results, we £ind an additioral 0.4 uCi indi-zting a total of 0.9 uCi ncw in
the group. If, then, we use Gofman's factsr »f 5 to estimate the initial lung
deposit we arrive at 4.5 uCi as compared ¢tz his estirate of 0.89%9 .Ci.

The use of a 50-day half-life in zhe l.ns for 20% of the d

]
L}
0
7]
be
'is
m
(99
v
ho”
P
]

tonium is in accord with the ICRP medel tur cartainl: does ndt confornm 4o the

of plutonium remain in the lung after 27 vears. IHowever, the information avail-
able on the actual exposure conditions is very meager and we will accept th

Gofman estimate noting only that we believe t:at it represents a very conserv-

of the total number of lung cancer deaths .- 1235 <o those in 1973, to raduce
the number of cases expected. This factor :is also used elsewhere in his paper.
The rationale for this correction factor is not given, but the implicaticns ars
clear. Since lung cancers occur chiefly ir -hose 40 years of age or greater,
we must assume that the lung cancer in the older group in 1945 is, in some way,
& measure of the radiation damage which wi.l occur in the 20-24 year old group

with which we are concerned. The increase in “spontanecus" lung cancer which

oy
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has occurred since 1945, then, has ro influerz on the axpe

t

essence, if we accept Gofman's astimacta of a

“spontaneous" rate, then ky 1375, the use ¢f =iz ¢crraction

ply an increase of 0.22 x 2 = 0,44\ based uz:: =he 1373 "sgcn:ianeous'

for the cohorts of these indiv:.duals.

This correction not only agpears to igncra mulzisle insc

~ancer formation but also seens to copnetrad.:: szfms-'s oun

. 34 . .
resented in 1972 as: "Since spentaneous a2 spacific can

change with age (rising steeply with age D2y :nd 22 yesrs),

a fixed percentage incremen: €c-r radiaticn-:i-Z:ced s:ucess o
teau implies that the absolute increase in zig-szesifis morte
by radiation alsco cranges wi+<h aga. Thus, i <he zlzteau raslan
50% increase in mortality rate, there will te 1020 ex:ra deaths ter

per year where the spontaneous mortality raze is 2220 daaths

per year. At a later age, with a spontaneo.s meortalli:y rate of 48
6 . ; .

per 10  persons cer year, the absolu%te incr:rm.nt Qua o radiacinsn
. 6

2000 ceaths per 10 persons fer year. 7Thus 1 SI7S453nt [8YI2nIsge

the plateau resnonse regizn implias thas zh:r>llza raliacizn

mortality rate increments will increase over : span >f ages.

the use of the total numkter of cancers rather than the incidanca ignores =t

fact that there were only 50-75% as many males over 30 years of ace, wher

most lung cancers occur, in 1945 as compared o 1975, On thase bases,

lieve that the factor of 0.22 for exposure in 1945 is unwarranted.

Gofman then calculates the fraction of lung cancer fatal

0

ities to be

expected by the individuvals in their carly fifties bty applying a correction

LANL

000b1 1Y

pa }

we be-

00130011.0tS

b sty



«15=

factor derived from data on page 138 of the 3irgeacn Sereral's report.6 This
page contains a graph showing the increase 1n ;unq cancer iacidence in cohort
groups born in 1900, 1890, 1880, 1870, 1860, »rd 1850, as derived from the in-
cidence rates in the years to 1961. It is nct clear how Gofran used this
graph of incidence for individuals rorn in 19CC and belore to obtain the ex~
pected distribution of number of cases for ird.viduals born in 1320-25. Sev~
eral interesting and important conclusions were arawn cy the Advisory Commiteze
as a consequence of these curves. These were: "(a) Within each cchort, lung
cancer mortality increases unabated 0 the end of the life span; and (b) sus-
cesgively vounger cohorts of males are at hijher risks throughout life than
their predecessors." To illustrate the laz<:r point, the curves show that

at. for males rorn in

the incidenze at ages 40 and 30 was about 5 times ¢
1900 as compared to those born in 1880. The influence of zhis on the percent-
ages for each age group estimated by Gofman i1s not kxnown. However, it is
possible that unless he used more current data than he references, his estinmates
could be low.

Even with the uncertainties noted and use cf conservative values, wa have
shown that if one uses the experimental evidarnce available, Gofman's estimaces
of amount initally deposited should be increased by 2 factor of 4.5/0.8% = 5
and disallowing his reduction by a factor of 0.22 for exposure in 1945 leads
to another factor of 1/0.22 = 4.5 for a total increase in his estimates of 22.5.
Thus, instead of expecting 0.2 cases of lung cancer, on his hypothesis wae would
conservatively expect 4.5 cases. The probabtility of seeing no cases would be
about 1%. As Gofman indicated, the expected rate under his hypothesis will

rise rapidly as these men age. It has been 2-1/2 years since the Hempelmana
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study was reported and no cases have develcred in the interim, thereby, de-

creasing the probabpilicy % his hypothesit ¢vern fuzinar,

The BEIR Estimate

In report 1, Gofrman presents & Aurser “or the rzlative risk whi

‘-
®©
()]
L3d
3
s
u
"
A
(]
5]
w
0n

titles the "BEIR Estimate." However, he de:-i

ingle
k R : . _ -

from the BEIR Report in the section on - Cancars wnich states,

possible, thereiore, that in the final anlavs.s....ile relativae risk

reach 0.5% or higher." From this, he censl:das thar the BIIR Commis

have used this figure and, therefore, attriziias it to them.

ez shoul
A

In fact, the BEIR Ccmmittee after a de-a.2ad review of the Golman aype-

thesis concluded that certain ci his assurzoions (gromazily thas all

have the same doubling dcsel were, at least, Juessionzble and that th

to distinguish between the absolute riek me-hod and :he relative ris
did not clearly support either. They, smeraore, es:timated the risk
bases but for the calculaticns of all canccru othex -~an lgukemia by
relative risk metnod used a value cne-terts - € ghae =% Cofman or C.2

Certainly the Committae wWas aware 5f = 2.%% jtatement but, on
they chose to use the lower wajve, Thus. ‘a2 agsrizuning of Golman
wrehne

risk estimate to the BEIR Committae 1S A:if7izule o justify.

Ve = .
M oS we

s on both

the

'
1]
. l“
"
1]
3

'™
w
be}
O
1w

z, the 2TI?

P

Committee did provide a second value in the risx anslysis based upon the acso-

lute risk estimate. While Gofman may feel that the scientific evide
overwhelmingly in faver of the relative risk method (reference 1, pa

is apparent that the individuals on the BEIF Committee did not agIee

rnce is
ge 4), it

with him,

Normal scientific practice would indicate »+at the actual values (including

both relative and absolute risk values) usec by the BEIR Committee should be
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given if the BEIR estimate is to be judged properly 2g2inst the hypothesis
set forvard by Gofrman.

Thig brief comment is included to illustratze a problem with both documencs.
The unwary reader can be led to believe that the hypothesis formulated by
Cofnman and the assumed values for the quantitative parameters are in closer

agreement with other estimates than they actually are.

CCHCLUSIONS

Gofman has prcéuced a2 hypothetical mode! based largely on assumnption
and the quantitative predictions of his previouis papers on carcincgenic actions
of radiation. These earlisr predictions have -0t been agcepted ir the scien-
tific communitys, As a rasult of the predict.sas ¢f t=is rodal he calls for a
“. . .worldwide rejection of nuclear fission energv invclving any kind of 2lu-
tonium handling or recycling." He rejects corpletely the models and knowledsge
of those individuals whovhave studied such problems irdicating their “...fail-
ures to come to grips with the real-lifes prezlam of blonchozulmonary retaniion
of Puo2 particles in cigarette-smoking humans.”

In our review of his papers we nave concl.uded that the speculazions ol
Gofman require the arbitrary zcceptance of ¢toc many nimarical parameters
and unconfirmed mechanisms to be acceptable as even an approximate numerical
estimate of potential lung carcincgenesis by plutonium. There is, indeed, a
paucity of direct measurerents of clearance rates for intact and damaged bron-
chial ciliated epithelium but current information would indicate that the prob-
lem is not as serious as postulated by Gofman. We wculd recommend that measure-

ments continue with more emphasis on the absclute bronchial retention, and that

- H
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until such evidence is available, the Gofman predicti:zns Le regarded as in-

teresting and imaginative sreculations which s=culd serve to stimulate im-

creased intarsst in certain phases of currer: studies. However,

wWe gannat zia-
cur with his often stated position that spec.lation, ro matter how Sofrly

founded, is a proper basis for public heal:zh Sacisions.
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