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A BRIEF REVIEW OF THE PLUTONIUM LUNG

CANCER ESTIMATES BY JOHN W. GOFMAN
By
J. W. Healy, E. C. Anderson, J. F. McInroy,
R. G. Thomas, and R. L. Thomas

los Alamos Scientific Laboratory

October 8, 1975

In several reports issued by the Committee for Nuclear Responsibility,l'2

Gofman proposes a dosimetric model for plutonium in the bronchial portion

of the lung which, with his assumptions as to the behavior of insoluble par-
ticles in this region and the carcinogenic response, leads to estimates of
very high cancer preduction. It is fhe purpose of this document to review
his basic hypotheses and the rationale ieading to the assumptions of constants
required to obtain a quantitative estimate. For this purpose, we have focused
on those points which we regard as critical to his hypothesis and have not

attempted to cover all points in the two documents.

THE CHEOICE OF A CRITICAL TISSUE

Gofman derives a volume for the "pertinent"” portion of the bronchial
tree using an estimate from the report of the Task Group on Lung Dynamics of
the International Commission on Radiological Protectiun.3 The dimensions used~
are referred to in the Task Group report as: "The anatomical model proposed by
Findeisen was used in making the - calculations although it is undoubtedly an
unsophisticated model." Other 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 uncertainties as to where one estimates the

end of the ciliated region and the start of the terminal bronchioles.
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The bronchial epithelium in the segmental bronchi, which he estimates to
be about one gram, is taken fo be the critical tissue on the basis that lung
cancers in humans are primarily of bronchial origin. The selection of such a
tissue is a reasonably common practice in dosimetry calculations although it
must be reéognized that it does involve a fundamental assumption that the out-
come is dependent only on the amount of radiation to this tissus with the rad-
iation delivered to the surrounding/tissue, or even to other organs, of no im-
portance. As was discussed in our review of the hot particle hypothesis,5
specification of a dose, by itself, conveys no knowledge of the biological
implications of the result. This must be deduced from experimental correlations
of dose arnd effect. In the present case Gofman has pointed out that the
experimental data on effects (primarily from penetrating external radiation)
are based on the delivery of radiation to all of the tissues of the lung, plus
othér organs, many of which piay a supportive role or interact in other ways
with the postulated target tissue. We simply do not know that the delivery
of a dose to a selected part of an organ will have the same result as the same
dose delivered to the full organ. There are reasons to believe that irradiation
of only a portion will have less effect than the irradiaticn of the full organ.
While this point will have little effect on the ensuing discussion, it is made

to indicate one uncertainty which would prevent many scientists from making

dogmatic statements as to the outcome based only on dose calculations.
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RETENTION BY BRONCHIAL EPITHELIUM

Important points in Gofman's hypothesis are the reduction of the crit-
ical tissue mass to a small value and the assumption that a significant fraction
of the plutonium inhaled remains in this small mass of tissue for a long period
of time.

In his derivation of the deposition and retention of plutonium in the
bronchial region, Gofman assumes that the ICRP Task Group on Lung Dynamics3
based their report only on animal data and ignored the smokers in the popula-
tion. The fact that the Task Group considered smoking and individuals who
smoke as a normal part of the population who should be includsd, but not nec-
essarily with great fanfare, is indicated by the following statemsnt: "The
best evaluation of the Phase I clearance, as normally recorted, is that it is
a combination of the slower ciliary and rapid phagocytic processes, with little
refiection of the very rapid ciliary clearance of the upper airways. This
conclﬁsion provides a partial explanation of the constancy of the Phase I pro-
cess. For example, a ciliostatic substance, e.g., tobacco smoke, might reduce
the rate of mucous transport by 50 percent for several hours but this would

not be manifest in the measurements obtained by the usual procedures. From
this it is clear that the Task Group considered the reductlon in clearance
time for smokers and did not consider it to be a significant factor.

'As justification for his assumed clearance rate Gofman presents a
table from the 13964 report of the Advisory Committee to the Surgeon Genera16
which he titles, "Loss of Cilia and Eéithelial Cell Abnormality," and indi-

cates the data to be from Auerbach et al.7 From this table he concludes, "In

the heavy smokers, who will contribute most of the lung cancers, 37.5% of the
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cells have lost their cilia entirely. We can, therefore, with sound reason,
presume that such regions of.absent ciliary function will clear PuO2 particles
very slowly, if at all." The 37.5% value came from his Table 5l for smokers
who consumed rore than two packs of cigarettes per day.

When, however, we turn to the report of the Advisory Committee we find
the table titled, "Percent of Slides with Selected Lesions,l by Smoking Status
and Presence of Lung Cancer," {emphasis added). The footnote states, "In
some sections, two or more lesicons were found. In such instances, all of the
lesions were counted and are inc;uded———.“ This, as well as a study of
Auerbach's article7 indicates that the statistics given apply to the number
of slides where single or multiple lesions were found and not to the fraction
of the total cilia missing. (A slide consisted of severzl sections of the
tracheo~bronchial tree with cne section per slide examined, and a sinéle lesion,
regardless of size on the section read, wculd indicate that the entire slide
was categorized as containing a lesion without cilia. Thus, the majority of
the tissue could have shown undamaged cilia but would have been placed in the
category of cilia missing because of the single lesion.) Thus, there appesars
to be no evidence in the material used by Gofman to support his assumption that
the 37.5% value represents regions of this magnitude where there is absent cil-
iary function.

‘A key point in Gofman's hypothesis is, then, in the sentence, "It
would not be at all conservétive, for sucb regions, to assume that the half-
time for clearance is 500 days for PuO2 particles,"” (emphasis added). Appar-
ently this value for the clearance arose fromvthe following reasoning:

1. Clearance in the unciliated portion of the pulmonary tissue

800bb 70 is taken as 500 days by the ICRP Task Group;



2. The postulated bronchial lesions are not ciliated;

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

must be similar.

This may be adequate as a formal syllogism but does not constitute
scientific proof. We have looked for evidence and find nothing to support
his conclusion. On the contrary, there are differences in structure between
the deep lung region (pulmonary) aqg the bronchi over and above the presence
or absence of cilia which cast strong cdoubt upon a similar retention in the
two non-ciliated regions. The unciliated pulmonary region consists of the
small respiratory bronchiole leading to the aveolus where the oxygen ex-
change with the blood occurs. This is a "dead-end" system with ventilation
occurring by successively moving air in and out of 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 purpose of carrxying air from the nose and
trachea are tubes ranging from about 0.5 mm in diameter to about 20 mm diam-
eter in the trachea. They are lined with ciliated epithelium and cells which
secrete raucus. The mucus captures the particles and the cilia move the mucus,
along with the particles and phagocytes from the avecli, continuously upward
to the throat where they are swallowed.

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

the respiratory system. Obviously, the two systems are completely different
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so that assumptions that they will behave the same in retaining particles are
arbitrary and unfounded,

A critical question in Gofman's hypothesis is the size of the denuded
areas and their behavior in respect to mucus and particle transport. There
are normally areas of reduced transport in the respiratory system of non-
smokers. Tﬁe Subcommittee on Inhalation Hazards of the Cormmittee on Patho-
logicEffectSiafAtondc:Radiation8 desScribe this as follows in their 1961
report, "As the mucous stream, propelled by the ciliae, moves upward from
the terminal bronchioles to the pharynx, relative stasis occurs where the
stream divides to pass around entering bronchi and around vocal cords. Small
whirlpocls of mucus have been obsarved at these points, where prolonged ex-—
posure from radioactive particulates and colloids qould cccur. Also, islands
of (non-ciliated) squamous metaplasia and areas in which columnar epithelium
are denuded of ci;iae have been observed; mucus on these is removed more
slowly by traction." Hatch and Gross9 describe the process és: "In the in-
tact animal the rate of transport of the mucinous film was found to be somswnat
higher, 18 mm per minute, than on the excised trachesa. The alternafa inspira-~-
tion and expiration affected the rate of transport but little. It was, focal-
1y, somewhat slower during inspiration. An interesting and very important ob-
servation referred to the manner in which the projecting spur of the tracheal
bifuréation, the carina, is kept clean. Here it was noted that the moving
stream of mucin described a spiral path and swept over the carina. It appeared

probable to Antweiler that other regions of bronchial and bronchiolar division
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were kept free of dust and debris in a similar manner. Hilding described the
path of mucus at the openings of dividing passages differently. He stated
that the mucous blanket 'at the upstreanm margin of the opening, ceases its
axial progress, divides and flows in two directions about the margins of the
opening.'"” Dr. Hatch was a member of the ICRP Task Group on Lung Dynamics
and, as the qﬁote above indicates, was well aware of the importance of the
potential interruptions of mucus flqw.

There are a number of reports in the literature on bronchial c<learance
from smokers, non-smokers and individuals with ailments such as bronchitis.10-23
These measurements are usually done with radiocactive tracers and the bronchial
clearance is taken to be the rapid phase (<1 day). In general, these have
shown clearance to be delayed in cigarette smokers, although in some cases it
was increased. However, on careful examination these experiments would not
detect the in-reased retention in the bronchial region postulated by Gofman
since this fraction would be considered as pulmonary depositicn and the natural
fluctuation among individuals is too great to detect the Gofman assumption of
2.7% deposited in the bronchiolar region.

In several of these experiments, however, the counter usasd for the measure-

ment was collimated and placed to examine the clearance from

n

pecific regions
s 11 .

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

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

mediate area reflecting both of these regioné. Their curves indicated a slow-

ing of the initial fast clearance period in smokers from 0.7 hrs to 2.3 hrs but

an increase in the intermediate clearance from 22 hrs to 13 hrs. The deposi-

tion remaining at 25 hrs was, in general, lower in smokers than in non-smokers.
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Morrow, et al,23 described measurements from a counter positioned over the
carina, where the major bronchi from the right and left lungs meet. The
carina is a projection which is non-ciliated in normal hu§ans. Their meas-
urements of this non-ciliated area (plus some contribution from surrounding
tissue) indicate biologic half-times ranging from 20-37 minutes.

A series of direct observations of the effect of defects of the cilia
were made by Hilding24 using the trachea from freshly killed cows. In such
spécimens the ciliary action continues for a number of hours after death and
mucous streaming can be observed. However, it is not known whether mucus
production continues unabated after the circulatory system is removed. In
fact, several ob;ervations by Hilding25 would indicate abnormal mucus pro-
duction under these conditions resulting in anchering of the mucous blanket.
This would, undoubtedly, result in poorer clearance than would be expected.
Defects in the cilia were produced mechanically and India ink used as a tracer.
Over the period of several hours of the experiment, the upstreanm margin of the
denuded area indesed did accumulate ink, even though it was noted that the ink
tended to flow to one or both sides of the island. When a mass of mucus was
placed upstream of the denuded area, it was pulled under the main mass of
mucus as this was partly dragged and partly rolled across ths island so that
the island was coveared. 'Repetition of the study with the ink indicated that
the upstream accumulation did not seem to be as large or dense and was more
readily dragged away by ciliary action.

In a second experiment, cigarette smoke was blown through the tracheae
of calves' lungs from which the lower third wés removed. Thirty-nine de-

ciliated islands were produced mechanically in the trachea and main bronchi
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of six specimens by procedures similar to those used before. In all, only
five islands marked by small masses of tar-containing mucus were found after
1-1/2 or 3 hours.

These experiments illustrate the complex nature of the deposition and re-
tention phenomena in the ciliated areas. 1In general, the mucus is viscous
and cohesive so that the movement is not due to a few cilia under a given spot
but, rather, is due to the combine@ effect of many cilia over a sizable area
moving the mucus as a blanket. 1In discussion of the application of his find-
ings to possible accumulation of cigareﬁte tars in such an area Qildin924 re-
ports: "It is not to be supposed that every tiny non-ciliated spot would
cause an accumulation. The majority probably would not. In most instances,
the mucous blanket probably would slide over or around fairly readily. Un-
usual local conditions of ciliary streaming would probably be necessary.”

In reviewing these expefiments, the duraticn of the retention in such
areas is of considerable importance. Usually, the phenomena were observad
for only a few hours and, in this time, apparently important clearance had
occurred. There is 1o reason to believe that accumulations with half-lives
of 500 days would occur even in these limited regions.

For such accumulations to occur in the small tissue volume of the bron-
chial region of one gram postulated by Gofman, the plutonium must either
enter the bronchial epithelium or be retained b§ a mucous 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
theii activity ..... Smoking also causes a decrease in broncho-pulmonary sur-
factant volume ..... These factors would tend to increase the likelihood of

dust retention in smokers. On the other hand, studies using experimental

800bb15



-10-

animals have shown that acute lung infection associated with infiltration of
the area with inflammatory cells having phagocytic properties ..... causes an
increased rate of lung dust clearance.. Cigarette smoke is a potent tissue
irritant known to induce infiltratiocn of the bronchial epithelium with phago-
cytic inflammatory cells ..... a factor that might enhance the rate of dust
clearance.” Secondly, using his values for the guantity in the bronchial

area {(2.7%) retained with a long half-life (200 days) a mechanism of entry

tny

into the tissue wculd predict that, for a normal dust concentratio

o}

O

some 39 mg of dust. Thus, the tissue would contain about 4% by weight of such
dust. In fact, since Gofman postulates that only 25% of the bronchial epithe~
lium in smokers and 2% in non~smokers are involved, such a mechanism wou;d
lead to local accumulations such that the tissue concentration of dust would
be -about 16% in these localized areas. Of courses, in industrialized commun-
ities, the actual'concentration in the air may be several times the 100 ug/m3
assumed atove. This, therafore, seems to be an unlikely alternative. If the
accunulation is in the mucus, then some mechanism for allowing mucus to accumu-
late without blocking the air passage must be devised. In addition, the dose
calculations must take into account the energy absorbed by the mucus and, thus,

cannot reach the bronchial epithelium. Such examination of the possibilities

b

and consequences of the postulated accumulation would lead to a belicf that
the value of 500 days chosen is unrealisticaily high.

One other point which must be considered is that although Gofman uses a
valué of one gram for the mass of the bronchial epithelium, he postulates the

retention in only a portion of the bronchial region (25% for smokers and 23
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for non-smokers). Thus, the dose is not delivered uniformly to the entire
bronchial epithelium but to these selected regions of impaired clearance.
Thnis assumes, particularly for the smokers, that localized, intense irradia-
tion is more hazardous than lower level irradiation c¢f a largse wvoluma. Tnis
is another form of the "hot particle” hypothesis whicn has been experimentally
discredited.27

The foregoing discussion emphasizes the fact that the entire basis for
the Gofman model of plutonium accuﬁ&iation, resulting radiation dose and
effects is a sheer assumption. While firm déta to refute the assumptions are
not available, consideration of the differsnces betwsen the dzep lung and the
ciliated region along with such measurements as are availabls would indicate
that the assumption of major accumulation in non-ciliated arsas and reten’:ion

with a half-1life of 500 days is unreasonable.

The Manhattan District Workers

In Reference 2, Gofman compares his assumed model against the results
from the 27-year study of individuals exposed in the 2arly days of the Manhattan

. 28 . 3 . - - .
Prcject. Ymile we concur with the general statement ¢f Gofman that there

are many uncertainties and that the number of individuals is too small to pro-

vide definitive conclusions at this time, w2 do wish to 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-
. 29
cause they are calculated from the generally accepted Langham equations rather
30

than the exponential model derived by the ICRP to simplify dose calculations.

In fact, there are several references on comparison of autopsy results with urine
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results which indicate that on the average, the body burden calculated from
urinary excretion overestimates the value obtained from tissue analysis.3l'32
An examination of these data, weighting more heavily the values obtained from
unpublished work using the same method of interpretation of urine data as
Hempelmann and fhose values obtained from individuals with significant body
bﬁrdens, indicates that a factor of three to five lower than the valﬁe given

by Hempelmann would be conservative.and would be more approoriate than those
calculated by Gofman from a model derived for other purposes. In fact, the
Hempelmann document indicates that in one of the cases studied where a sample
of rib was available, the agreement was much better than the above factors.

Cne other factor ignored by Gofman in his estimate is the_presence cf
plutonium in the lung and lymph nodss even at long times after exposurs.
Hempelmann28 reports that 14 of the 21 persons measured in 1971-72 had quan-
tities in the chest detectable by the relatively non-sensitive external counter.
This included somé of those working in the recovery operations for which Gofman
ascribed a 50-day half-life for pulmonary burdens. Data included by Eempelmann
on one biopsy sample indicatéd that the quantity still in the lung was about
12.5% of the reported body burden estimated from urinary excra2tion. In addi-
tion, if we accept the estimate of the tracheo-bronchial lymph node mass of
Pochin33 of 15 grams, an additional 3.5% was present i; these organs. (Note.
The urine will not reflect this residual lung burden since the urinary excre-
tion is a measure only of that quantity going to the blcoodstream.) One indi-
vidual from this group was recently killed in an automobile accident. While
analytical results are not available, measurements of plutonium x-rays indi-

cate that a significant quantity is present in the lung, thereby confirming
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the residual burden. Such an effect is not included in the formal ICRP lung
model although it is not unexpected from other findings with non-radioactive
materials.

If, then, we correct the Hempelmann systemic body burdens by reducing by
a factor of 5, we obtain a values of abcut 0.5 uCi for the entire group. If
we assume, on the basis of the only data available, that the residual amount
in the lung and lymph nodes is rep{gsented by 0.16 times the uncorrected urine
results, we find an additional 0.4 uCi indicating a total of 0.9 uCi now in
the group. If, then, we use Gofman's factor of 5 to estimate the initial lung
deposit we arrive at 4.5 pCi as comparsd to his estimate of 0.89 uCi.

The use of a 50-day half-life in the lung for 90% of the deposited plu-
tonium is in accérd with the ICRP mcdel but certainly does not conform to the
observation noted by Hempelmann and discussed above that significant gquantities
of plutonium remain in the lung after 27 years. However, the information avail-
able on the actual exposure conditions is very meager and we will accept the
Gofman estimate noting only that we believe that it represents a very conserv-
ative underestimate of the actual retention time anrd, hence, dose.

Gofman then uses a correction factor of 0.22, derived from the ratio
of the to:tal number of lung cancer deaths in 1945 to those in 1975, to reduce
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 implications are
clear. Since lung cancers occur chiefiy in those 40 years of age or greater,
we must assume that the lung cancer in thé older group in 1945 is, in some way,

a measure of the radiation damage which will occur in the 20-24 year old group

with which we are concerned. The increase in "spontaneous” lung cancer which
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has occurred since 1945, then, has no influence on the expected increase. 1In
essence, if we accept Gofman's estimate of a 2% increase per rem over the
"spontaneous"” rate, then by 1975, the use of this correction factor would im-
ply an increase of 0.22 x 2 = 0.44% based upon the 1375 "spontanecus” rate
for the cohorts of these individuals.
This correction not only appears to ignore multiple insult theories of

~ancer formation but also seems to . contradict Gofman's own thesis which he

resented in 197234 as: "Since spontaneocus age specific cancer mortality ratass
~hange with ace (rising steeply with age beyond 20 years), the assumption of
a fixed percentage increment for radiation-induced excess ovsr the whole pla-

teau implies that the absolute increase in age-specific meortality rate induced

by radiation also changes with age. Thus, if the plateau region represznits &

50% increase in mortality rate, there will be 1000 extra deaths per 106 perscns
per year where the spontanegous mortality rate is 2000 deaths per lO6 persons
per year. At a léter age, with a spontaneous mortality rate of 4000 deaths
per 106 persons per vear, the absolute increment due to radiation would be

2000 deaths per 106 persons per vear. Thus a constant percentage increment in
the plateau response region implies that absolute radiation-induced age-specific
mortality rate increments will increase over a span of ages.” In addition,

the use of the total number of cancers rather than the incidence ignores the
fact that there were only 50-75% as many males over 50 years of age, where
most lung cancers occur, in 1945 as compared to 1975. On these bases, we be-
lieve that the factor of 0,22 for exposure in 1945 is unwarranted.

Gofman then calculates the fraction of lung cancer fatalities to be

expected by the individuals in their early fifties by applying a correction
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factor derived from data on page 138 of the Surgeon General's report.6 This
page contains a graph showing the increase in lung cancer incidence in cohort
groups born in 1900, 1890, 1880, 1870, 1860, and 1850, as derived from the 1in-
cidence rates in the years to 1961, It is not clear how Gofman used this
graph of incidence for individuals born in 1900 and before to obtain the ex-
pected distribution of number of cases for individuvals born in 1920-25. Sev-
eral interesting and important conclusions were drawn by the Advisory Committee
as a conseguence of these curves. These were: "(a) Within each cohort, lung
cancer mortality increases unabated to the end of the life span; and (b) suc-
cessively younger cohorts of males are at higher risks throughout life than
their predecessors." To illustrate the latter point, the curves show that

the incidence at ages 40 and 50 was about S times that for males born in

1900 as compared to those born in 1880. The influence of this on the percent-
ages for each age group estimated by Gofman is not known. However, it is
possible that unless he used more current data than he references, his estimates
could be low.

Even with the uncertainties noted and use of conservative values, we have
shown that if one uses the experimental evidence available, Cofman's estimates
of amount initally deposited should be increased by a factor of 4.5/6.89 = 5
and disallowing his reduction by a faﬁtor 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 we would
conservatively expect 4.5 cases. The probability of seeing no cases would be
about 1%. As Gofman indicated, the expected rate undzar his hypothesis will

rise rapidly as these men age. It has been 2-1/2 years since the Hempelmann

800065681



~l6~

study was reported and no cases have developed in the interim, thereby, de-
creasing the probability of his hypothesis even further.

The BEIR Estimate

In report 1, Gofman presents a number for the relative risk which he
titles the "BEIR Estimate." However, he derives this from a single sentence
35 , . . . " .
from the BEIR Report in the section on lung cancers which states, "It is

o

possible, therefore, that in the final anlaysis....the relative risk will
reach 0.5% or higher." From this, he concludes that the BEIR Committes should
have used this figure and, therefore, attributes it to them.

In fact, the BEIR Committee after a detailed review of the Gofman hypo-
thesis concluded that certain of his assumptions (primarily that all cancers
have the same doubling dose) were, at least, questionable and that the evidence
to distinguish between the absolute risk method and the rélative risk method
did not clearly suoport either. They, therefore, estimated the risks on both

bases but for the calculations of all cancers other than leukemia by the

relative risk method used a value one-tenth of that of Gofman or 0.2 per rem.

A

o

Certainly ths Committee was aware of the 0.5% statement but, on balance,
they chose to use the lower value. Thus, the attributing of Gofman's higher
risk estimate to the BEIR Committee is difficult to justify. Further, the BéIR
Committee did brovide a second value in the risk analysis based upon the abso-
lute risk estimate. While Gofman may feel that the scientific evidence is
overwhelmingly in favor of the relative risk method (reference 1, page 4), it
is apparent that the individuals on the BEIR Committee did not agree with him.

Normal scientific practice would indicate that the actual values (including

both relative and absolute risk values) used by the BEIR Committee should be
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given if the BEIR estimate is to be Jjudged properly against the hypothesis
set foiwérd by Gofman.,

This brief comment is included to illustrate a problem with both documents,
The unwary reader can be led to believe that the hyoothesis formulated by
Gofrman and the assumed values for the guantitative parametars are in closer

agreewment with other estimates than they actually are.

CONCLUSIONS

Gofman has preoduced a hypothetical model based largely on asstmption
and the quantitative predictions of his previous papers on carcinogenic actions
of radiation. These earlier predictions have not besen accepted ir the scien-
tific communityv. As a result of the predictions cf this mode2l he calls
®, .. worldwicde rejecﬁion of nuclear fission energy involving any kxind of plu-
tonium handling or recycling." He rejects completely the models and knowledge
of those individuals who have studied such problems indicating their "...fail-

ures to come to grips with the real-life problem of bronchopulmonary retenticn

of Pu02 particles in cigarette-smoking humans.”

rt

In our review of his papers we have concluded that

ne speculations of
Gofman require the arbitrary acceptance of too many numerical parameters

and unconfirmad mechanisms to be acceptable as even an approximate numerical
estimate of potential lung carcinogenesis by plutonium. There is, indeed, a
paucity of direct measurerments 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 would recommend that measure-

ments continue with more emphasis on the absolute bronchial retention, and that
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until such evidence is available, the Gofman predictions be regarded as in-
teresting and imaginative speculations which should serve to stimulate in-
creased interest in certain phases of current studies. However, we cannot con-
cur with his often stated position that speculation, no matter how poorly

founded, is a proper basis for public health decisions.

600bb84



10.

300bb85

-19-

J. W. Gofman,
Nuclear Responsibility CNR Report 1975-1 (May 14,

"The Cancer Hazard from Inhaled Plutonium." Committec for

18735).

J. W. Gofman, "Estimated Production of Human Lung Ca
from Worldwide Fallout," Committee for Nuclear Resgon
1975-2 (July 10, 1975).

International Commission on Radiological Protection Task Group on Lung
Dynamics, "Deposition and Retention jodels for Internal Dosimstry of the
Human Respiratory Tract,” Health Physics, 12, 173-207 (1365).

E. R. Weibel, Morphometry of the Human Lung, (Springer-Verlag, Berlin,
1963),

J. W. Healy, C. R. Richmond, and E. C. aAnderson, "A Raview of the Natural
Resources Defense Council Petition Concerning Limi Zor Insoluble Alcgha

Emitters,"” Los Alamos Scientific Laboratory Report LA-5810-:5 (November

1974) .

Advisory Committee o the Surgeon Genzral of the U. S. Public Health
Service, "Smoking and Health, Lbl‘ Health Scrvica Bulletin MNo. 1103
(1964), Superintendent of Documents, U.S, Government Printing Office,
Washington, D.C.

0. Auerbach, A, P. Stout, E. C. Hammond, and L. Garfinkel, "Changes in
Bronchial Epithelium in Relation to Cigarette Smoking and in R=lation to
Lung Cancer,"” The New England Jour. of Medicine, 285, 253-267 (August
10, 1961).

Subcommittee on Inhalation Hazards, Commitiee on Pathologic Effscts of
Atomic Radiation, "Effects of Inhaled Radicactiv> Particlss, "Publica-
tion 848, National Academy of Sciences - Naticnal Ressarch Council,
Washington, D.C. (1961).

T. F. Hatch and P.
Aerosols,

Pulmonary Deoositicn and Retenticon of Inhaled
1964).

Gross,
(Academic Press, New York,

P, Camner and X. Philipson, "Intra~Individual Studies of Tracheobronchial
Clearance in Man Using Fluorocarbon Resin Particles Tagged with 18p ang
99mTe, " in Inhaled Particles III, W. H. Walton, Ed., Proc. of an Inter-
national Symposium Organized by the British Occupational Hygiene Society,
London, September 14-23, 1970, Unwin Bros. Ltd, The Gresham Press, 014
Woking, Surrey, England, vol. I, pp. 157-183.




-20~-

11. J. Sanchis, !. Dolovich, R. Chalmers, and M. T. Newhouse, "Regional
Distribution and Clearance Mechanisms in Smokers and Non-Smokers," in
Inhaled Particles III, W. H. Walton, Ed., Proc. cf an International Sym-
posium Organized by the British Occupational iHygioene Society, London,
September 14-23, 1970, Unwin Bros. Ltd, The Gresham Press, 0ld %voking,
Surrey, England, Vvol. I, pp. 183-191.

12. M. Lippman, R. E. Albert, and H. T. Peterson, Jr., "The Regional Dapo-
sition of Inhaled herosols in Man," in Inhaled Particles III, W. H., Walton,
Ed., Proc. of an International Symposium Organized by the British Occu-
pational Hygiene Society, London, Septembar 14-23, 1970, Unwin Bros. Ltd,
The Gresham Press, 0ld %Woking, Surrey, England, Vol. I, pp. 105-122.

13. M. Lippman and R. E. Albert, "Phe Effect of Particle Size on the Regional
Deposition of Inhaled Aeroscls in the Human Respiratory Tract,"” Am. Ind.
Hyg. Assoc. Jour. 30, pp. 257-275 (May-June 1963).

stics of Bron-

14, R, E. Albert, M. Lippman, and W. Briscoe, "The Characteri
tte Smcking," Arch.

chjal Clearance in Humans and the Effects of Cigare
Envir. Health, 18, 738-755 (May 19589).

15. P. Camner, K. Philipson, L. Friberg, B. Holma, B. Larson, and J. Svedberg,
"Human Trac::20bronchial Clearance Studies with Fluorccarbon Resin Par-
ticles Tagged with 187," Arch. Envir. Health, 22, 444-449 (april 1971).

l6. P.C. Luchsinger, B. LaGarde, and J. E. Kilfeather, "Particle Clearance
from the Human Tracheobronchial Tree," Am. Rev. of Resp. Disease, 97,
1046-1053 (1968).

17. R. E. Albert, M. Lippman, J. Spiegelman, C. Strehlow, W. Briscoe, P.
Wolfson, and . Nelson, "The Clearance of Radiocactive Particles from the
Human Lung," in Inhaled Particlses and Vazours, II, C. N. Davies, Ed.,
Proc. of an International Sympcsium, Cambridfge, Zngland, Saptember 28-
October 1, 1965, Pergamon Press, 1967.

18. R. E. Albert, M. Lippman, and H. T, Peterscn, Jr., "The Effects of
Cigarette Smoking on the Kinetics of Bronchial Clearance in Humans and
Donkeys,"” in Inhaled Particles III, W. i. Walton. Ed., Proc. of an Inter-:
national Symposium Organized by the British Occupational Hygiene Society,
London, September 14-23, 1970, Unwin Bros. Ltd, The Gresham Press, 0ld
Woking, Surrey, England, vol. I, pp. 165-180,

19. R. Frances, D. Allesandro, M. Lipéman, D. E. Proctor, and R. E. Albert,
"Effect of Cigarette Smoke on Particle Transport on Nasociliary Mucosa
of Donkeys," Arch. Envir. Health, 21, 25-31 (July 1970).

800bb8b



20,

21,

22.

23.

25.

26..

27.

28.

29.

30.

-21~

R. E. Albert, D. Alessandro, M. Lippman, and J. Berger, "Long-Term
Smoking in the Donkey, Effect on Tracheobronchial Particle Clea“ance,
Arch. Envir. Health, 22, 12-19 (January 1971).

B. Holma, "The aAcute Effect of Cigarette Smoke on the Initial Course
of Lung Clearance in Rabbits,” Arch. Envir. Health, 18, 171-173 (Febru-
ary 1969). T

R. E. Albert, J. R. Spiegelmann, S. Shatsky, and M. Lippman, "The
Effect of Acute Exposure to Cigarette Smoke on Bronchial Clearance in the
Miniature Donkey, Arch. Envir. Health, 18, 30-41 (January 19569).

P. E. Morrow, F. R. Gitb, and K. M. Gazioglu, "A Study of Particulate
Clearance from the Human Lung," Amer. Rev. Resp. Dis., 96, 120%-1221
(1967) .

A. C. Hilding, "On Cigarette Smoking, Bronchial Carcinoma and Ciliary
Action, III., Accumulation of Cigarstte Tar Upon Artificially Produced
Deciliated Islands in the Respiratory Epitheliun,” Ann. Otol. Rhin. and
Laryng. 65, 116~130 (1956

A. C. Hilding, "On Cigarette Smoking, Brounchial Carcinoma and Ciliary
Action IV. Ciliary Streaming Through the Larynx and Distribution of
Laryngeal Epitnelium,” Ann. Otol. Rhin. and Larvng. &3, 736-746 (19506

P. Lewis and L. Coughlin, "Lung Soot Accumulaticn in Man," Atm. Envir.

G.
7, 1249-1255 (13973).

E. C. Anderson, S. G. Carpenter, G. A. Drake, L. M. Holland, J. E. London,
J. D. Perrings, J. R. Prine, D. M. Smith, J. S. Wilson, and R. H. Wood,
"Effects of Internal Radiation on Living Organisms (Hot Particle Program),

in Annual Repcrit ©f the Bicmedical and Environmenital Pesearch Program of
the LASL Health Divisicn, ccmoiled by E. C. Andersen and E. M. Sullivan,
pp. 2-11, Los Alamos Scientific Laboratory report LA-5833-PR (February

1975).

L. H. Hempelmann, W. H. Langham, C. R. Richmond, and G. L. Voelz,
YManhattan Prcject Plutonium Workers: A Twenty-Seven Year Follow-Up
Study of Selected Cases,” Health Phys. 25, 461-479 (1973).

W. H. Langham, S. H. Bassett, P. S. Harris, and R. E. Carter, "Distri-
bution and Excretion of Plutonium Administered Intravenously to Man,"
Los Alamos Scientific Laboratory Report LA-1151 (September 20, 1950).

International Commission on Radiological Protection, “"The Metabolism of
Compounds of Plutonium and Other Actinides,"™ ICRP Publication 19, Per-
gamon Press, Oxford (1972).

600bo8 1



-22-~

31. C. R. Lagerguist, S. E. Hammond, D. L. Bokowski, and D. B. Hylton, "Dis-
tribution of Plutonium and Americium in Cccupationally Exposed Humans
as Found from Autopsy Samples,™ Health Phys. 25, 581-584 (December 1973).

32, W. D. Norwood and C. E. Newton, "U.S. Transuranium Registry Study of
Thirty Autopsies,”" Health Phys. 28, 669-675 (June 1973).

33. E. E. Pochin, "The Mass of the Tracheobronchial Lymph Glands," Health
Phys. 12, 563-564 (1966).

34, J. W, Gofman and A. R. Tamplin, "Epidermioclogic Studies of Carcinogenesis
by Ionizing Radiation," in Proceedings of tha Sixth Berlkelav Symoosium
on Mathematical Statistics and _Probability, U. C. Press, Berkeley, Cali-
fornia (1972).

35. Advisory Committee on the Biological Effects of Ionizing Radiations,
Division of !edical Sciences, "The Effects on Populaticns of Exgosure to
Low Levels of Ionizing Radiation,” Naticnal Academy of Sciences, Na-
tional Research Council, Washington, D.C. 20005 (dNovemser 1372).

800bb68



