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In several re?orts issued by the Committee fo r  Suclear Responsibi l i ty ,  ’ *’ 
Gofnan proposes a eosirnetric modei for F l U t O ? l U m  i n  the  bronchial port ion 

of the lung which, wi th  h i s  assumptions as tz t3e behavior of insoluble ;a:- 

ticles in  ‘ th is  region and the carciaogenic rosgonse, :.cads t o  e s t i a a t e s  of 

very high cancer production. I t  is  the purFose 3 f  t k . s  documont to review 

h i s  bas i c  hypotheses and =he rationa?.t Leadsnc; ta t3e a s s m a t i a x  of COES:L:Z= 

required to obtain a quarititative estiinats. For t h i s  puxIose, rie have foc-sez 

on those points which w e  regard as c r i t i c a l .  c,c h i s  hypothesis and have not 

attempted to cover a l l  FOintS i n  the two c!oc~;ilents. 

THE CHOICS OF A CflfTZCXL, TISSL”: 

Gofman derzves 6 volw.e_ far the “ s e s t i : . e - t “  po:tion of t3e brcr.ch.:al 

t r e e  usin3  an t s t i a a t e  from the raport sf :>e Task Gr3up on L~r.9 3ynsmcs o f  

tha Internat ional  C o d s r i a n  on Radiologrca- ?rotect;-?.’  The dimensions used 

are referred to i n  the Task Group report a s :  ”The anatomical node1 proposed Sy 

Findoisen was used i n  making the calculatiow dlthouph it is  undoubtedly an 

unsophist icated model.” O t l i c r  estimates of the pert inent  volumes by Weibel 

cou ld  lead to  higher volumes (a?ld, thus, hiqher masses f o r  t h e  bronchial c p i -  

thelium) although there a re  many uncertal3ties as ta  where one Q S t l M t C S  t h e  

end of the ciliated region aad t h e  star: a €  the tcm:nal bronchioles.  
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The bronchial e p i t h e l i ~ i m  i n  t h e  s e ~ e r t 3 l  bronc?:, which he est i -ates  t3 

be about one gram, is taken t o  be t h e  c r r t r c a l  t i s s u e  ,n t:?e basis t h a t  1ur.g 

cancers i n  hwrns  a r e  p r i a a r i l y  of bronchial ??iq::. rhe se l ec t ion  of  such a 

tissue is a reasanably c o x o n  practice in do-. LrietrJ c a l c u l a t i o a s  altkioli~h i t  

come is dependent on ly  on the amount o€ raCii::cr. fc :>is tissue with t h e  ra2-  

i a t i o n  6e l ivc red  to the surrounding t i s s u e ,  I r even t o  o the r  organs, cf GO La- 

portance.  5 
As was discussed i n  our review of :.-.e ha; p 3 Z i c l o  hypothesis, 

s p e c i f i c a t i o n  of a dose,  by itself, conveys rr, kxG;Led:e of the biolosical 

impl ica t ions  of the r e s u l t .  T h i s  must be l e 2 2 : s l  frsm axgtri?.ental  corrtla:io33 

of dose ar.5 e f f e c t .  I n  t k e  ? resen t  case GGa€-.a-. bas p i n t e d  ou t  t h a t  the 

experimental  Cata 03 c f  fects (Br imar i iy  frsa ;?netrzkLng e x t z r s a l  radiatiz;..! 

are based 03 t he  de l ive ry  of r a d i a t i o n  to  al:. sf the - i ssues  of the luag, ;la$ 

other o r g a s ,  many of which 2 lay  a support~vc? role o r  irrteract i n  o the r  ways 

with t he  s s t u l a t e d .  tarset t i s s u e .  We s i n p l y  23  not know t h a t  the Celivery 

dose de l ive red  t o  the f u l i  organ. There a r ~  r % a s m s  t 3  believe t?..at irra2:a:i2n 

While t h i s  p o i n t  will have l i t z l c  effect an =!!e cnsui rg  d isccss ion ,  i: is r a t e  

to  i n d i c a t e  one uncer ta in ty  which would prevent many s c i e n t i s t s  from nakicg 

dogmatic s t a t e n e n t s  as t o  t h e  outcome based m l y  on dcoc ca lcu la t ions .  
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RETENTION 3Y BRONC!+:;'L E??TkESlU!I 

Important p o i n t s  i n  Gofmn's hy-otkesis a r e  the roduction of :?.e srit- 

i c a l  t i s s u e  mass t o  a small value and t?e asrL-.?tian ::at a s i q n i I i c x . t  f rac t i??  

of the p l u t m i L 3  inhaled remains i n  this spa: 1 -.ass of  tissce fer a 1::; FeriG2 

of t i n e .  

I n  h i s  d e r i v a t i o n  of t h e  deposi'rior! m d  t e t t n t l x i  of ?lc:zsi.~- i r .  tks 

bronchial  region,  Gofnan assumes t h a t  the ZCr.7 "sk G r > u ?  on ::nq ZI':ina?ics 

based t h e i r  repor': on ly  on a n i n a l  datr cnl :;.:.:red :he snoke:s in 520 ;qiiILa- 

tion. The fact t h a t  t h e  Task Group cocsidere:: :-:Xing Ind i r d i v i i - a l s  who 

smoke as a nornal :art of t h e  p o p u l t t i c 3  :she 5 2 - X  be i n c l c i s l ,  5 ~ :  zot gec- 

essarily with ~ r a a t  fanfare, is ind ica ted  by z -.e f o l : o ~ i n g  s",a:er.sn:: "The 

best e v a l u a t i m  of the Pktse I claar&:ze, irs : .cxi;Ly rcp:arted, is t5nz ic is 

3 

a combination of t h e  slower c i l i a r y  arrZ rapi:: .::-.aqocytic processes, with  l i t t l e  

r e f l e c t i o n  a €  t h e  very rspFd c i l i a r y  clearen:-? 9f  t h e  q F o t  airways. This 

conclusion provides  a p a r t i a l  explanation cf :-.e constancy of the Phase 1 pro- 

this it is c l e a r  t h a t  t h e  Task G r o q  cor.sid+:e? :he r c k c t i o n  i n  clcararice 

time for smokers and d i d  n o t  consiCer it t o  ke a s i g n i f i c a n t  factor. 

'As j u s t i f i c a t i o n  for h i s  assumed c l a a r a r c c  r a t a  Gafran p:esents a 

6 table from t h e  1964 report of t h e  Advisory C.in~ittee t:, t h e  Surgeon General 

which he t i t l e s ,  "Lciss of C i l i a  and E a i t h e l l a l  Cell Abnormality," and indi- 

catcs t h e  da ta  to be from Auerbach e t  a l .  F r m  t h i s  table he concludes, " I n  
7 

t h ~  heavy smokers, who will cont r ibu te  e : f :he l u n a  cancers, 37 .5% Of t h e  

0013001 1.004 
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ce l l s  have l o s t  t h e i r  c i l i a  e n t i r c l y .  

presume t h a t  such regions  of absent ciLiory f x , c t i o n  w ~ l l  clear PuO 2 p a r t i z l e s  

very s l o w l y ,  i f  a: a l l . "  The 3 7 . 5 %  value c m e  f r o m  h i s  Table S1 for smokers 

who constneb ?.re than two Tacks of c i s a r e t t t s  Fer da?. 

We can, t!!etefo.rc, with soLTd t e a s ~ n ,  

When, howevef, we turn f3 the r e p r :  of :!-.e Advis7q CO:fiitte@ we f i z d  

the t&le t i t l e d ,  "?ercent of S1:das w i t h  Se: 9 :ted Lesions 

and Presence of ',wig car.cer,'' 

some s e c t i o n s ,  two or more les ions werc ~CICI: ! .  

l e s i o n s  were counted and are included---." 

Auarbach's a r t i c l e '  ind ica tes  t5.3: the  $ta'-,I I t r c s  qi*.':r. apgly to t:?e n92?2eZ 

of sli&s where s i n g l e  or z;.,ulti_=ie l e s i o n s  x i r s  four.? a R 5  2 3 ~  to :ha f r a c t i o n  

of the t o t a l  c i l i a  missing. 

trachco-bronchial tree with one s e c t i o n  per s!i5? exa l ined ,  and a single l es icz ,  

regardless of size on the s e c t i o n  read, w:u:i indicat t !  that  t h e  ent i re  sl i2e 

was categorized as containing a lesion wit!!.c'it. cilia. Thus, Lhe najority of 

the tissue coulC have shown -r.2ma;eC tFLia  b,.t waul2 >.a-:c been placed in 5.e 

category of cilia nissinc; because of :he si:;.= Lesia?.)  T k x s ,  t h e r e  ~ ~ ; P I : S  

to be no evidence in  the zaterial used by c: :-an :S S i p p C r t  his asscsptiz:. t?s: 

the 37.5% value represents  t eq iors  of t h ~ s  ?h?a;nitude h e r e  there is abser.: c i l -  

iary function. 

by Sr.oking S t a t d s  

(c9nphcsis adze.::, . Tke r'30tr.ota s t a t e s ,  "Zn 

ir. ;u:h ins tances ,  all of :?.e 

':has, as hell as a study of 

( A  s l i d e  cor.sisx.4 a f  se**eral  sectiofis of ths . 

- 

A key p o i n t  i n  Gofman's hypothesis i s ,  t h e n ,  i n  the sentence ,  "tt 

would not  be a t  a l l  conservat ivr ,  for such regions, t o  assume that  the h a l f -  

t i m e  for clearance is 500 days for PuOl p a r t i c l e s , "  {emphasis added).  

ently t h i s  value for t h e  clearance ares@ f r m  the fo:.louing reasoning: 

Appar- 

1. Clearance i n  t h e  u n c i l i a t e d  portizr:  a f  the  puhonary t i s s u e  

is tdcen a s  500 Bays by t he  :C?S' Task Srcup: 

0013001 1.005 
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2. The postulated bronchial lesions are r o t  cil;c.ited; 

3. Since both regions are not ciliated, ?.>en Lkc clearance 

must be similar. 

This  may be adequate as a f o m a l  sy1log:sn :ut 203s not c o n s t i t a t s  

scientific ptcof. We have looked for evidence arid f i n 3  m t h i n s  to supg~rt 

h i s  conclusion. On the contrary, there are 2;FPerencei in  structure b e t w e n  

the deep lung regisn (pulzonari) and the 'sro-s?: over and above the frese!?ce 

or absence o f  c i l i a  which cast strong douSz .;-=n a s i a i l a r  re tent ion  i n  the 

two aon-ciliated regions.  The unciliatcd ?c : -mar-  rss ion c o n s i s t s  o f  the 

tmll respiratory bronchiole leadisg to the ivcolus w'ere the oxygen ex- 

chanee with the bloor! occ*.ns. This i s  a "?ex?-end" s}stcm with v e n t i l a 2 i o a  

occrtrrln3 by successively noving air in and 2 ; :  D f  tb! aveali  an8 req ira -  

tory bronchioles to the bronchial tree. Clearance frox t h i s  region i s  p r i -  

mar'ily by phagocytosis an? s o l u b i l i t y .  

The bronchi which serve the purpose ef c a r r y i n g  i i r  frorn t h e  nose a?.& 

trachea are tubes ranging flscn about 0.5 ?m ::i Ciarec-.-r t o  about 20 x n  dian- 

eter in :he trackecl. They are lined wizt c::-ate& e;L:?.sliz? and. c e i L 3  :ihLzh 

secrete B'JCUS. Tke RUCUS captures the _=ar-,:.::es and :he c i l i a  nave :?IS K Z U S ,  

along with the p a r t i c l e s  and ?hagocytes Sra-. t h e  a v e s l l ,  c o n t i n u a u s l y  u?war8 

t o  the t h roa t  where they ate swallowed. 

Thus one has the picture of the  deep lmq a s  a aeries of small, Jead-ezd 

sacs as compared to the open ended tube of t k e  bronchi where a blanket of 

mucus is cont inual ly  present to trap p a r t i c l e s  and move them ugward and out of 

the respiratory system. CbviOUsly, the  t w c  systems .ire completely d i f f erent  

LANL 
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so that assumptions t h a t  they rill behave ::e 13me 

arbitrary and unfou=I&d, 

A crit ical  questian in Sofaan's h;Qo=hesi$ is 

ly, somewhat slower Curir.9 ins? i ra t ion .  &-I , . . , ,-cstin; :--a- an? very ir;;,-or:ant cZ- 

senfation referred to the mjnntr i n  which :!-: ?rejecting saur of the tracheal 

bifurcation, the carina, is )rep clean. Fieri i t  was r.otcd that  t h e  raving 

stream of mucin described a sgiral path 233 s i e ? t  over t!!e carina. It rppearec! 

probable to Antweiler that other regions of >rDnthial and bronchiolar Civision 

0013001 1.007 
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were kept free of dilst and debris i n  a sirnrla:. aanner. 

path of  mucus a t  t h e  ogenings of Cividins  ? , a s s t a i s  j i f : - e r r n t l y .  

that the mucous b lanket  ' a t  the ugstrean zarq:-. a f  the ci?cnia.lj., ccases  i t s  

a x i a l  proqress ,  d iv ides  and flcws i n  two direztizns atout  the ?.:nrqins of t>.e 

opening.'" Dr. Hatch was a merrber of the It?.? Task Ck:iup on L%ig Dynamics 

and, as t he  quote above iRdicates, was well c : a z e  of the i rqo r t ance  of the 

HiLdin3 JescriSe:! the 

He s t a t e d  

p o t e n t i a l  i n t e r r u a t i c n s  ~f ZLCX flcw. 

There are a nurbcr of rescrts i n  the l i t f r a t - ; r e  c)n Sro;l.chial clearance 

from smokers, ncn-smkers and individuals xi:? 3i?menc,r; such as b r m c h i t i s .  

These neasuenents are usual ly  2or.e wizh raCi  = a c t i v e  t r a c e r s  and the bror.chis: 

c learance  is tcksn t o  5e the  r a p i d  2hase I C 1  2.'. :r. geZer31, these have 

shown c learance  t o  be bcls:ie3 :n c;r;aretts s~::trs, a!'.?io~:gh i n   SO^? casss  i t  

10-23 

war increased. However, on c a r e f u l  examinat: -,r these f!Gerizen:s would 20: 

detect the  inircascd retsn:ior. i n  the bror.c!?rs: ra3i3? aos tu l a t cd  by Gofnan 

since this f r a c t i o n  woilld be considero,d as p*Llnonary 5!posi t icn ar.d tP.e natgral 

f l u c t u a t i o n  among inJivi2aals is tm great t c  c.etect t!:e Gofzan a s s u q t i o n  o f  

2.7% deposized i n  t h e  brozchx?:,r r'gisr.. 

I n  several of t t e s t  e.Ter::tents, hcweve:, the c = ? u i t t r  used for tha  ze8suro- 

ment was c o l l i n a t e a  and placod to  examine tk.2 ~lear~;..c!: frm s p o c i f i c  regions 

of t he  lung. 

mainly c i l i a t e d ,  major air-ways: largely non-ciliated air-ways; and an intcr- 

mediate a rea  r e f l e c t i n g  both of these regions. 

ing of the i n i t i a l  fast clearance period i n  rmokerr f n m  0.7 hrs to 2.3 hrs but  

an increase i n  the i a t e r a e d i a t c  c learance f r c n  2 2  hrs  :o 1 3  hrs. The depasi- 

t i o n  remainir.g a t  2 5  h r s  w a s ,  in gcncral, :o:.ar i n  szokets  t h a n  i n  non-sriokors. 

Thus, Sancfiis e t  all" gave clearance c'~':ves from three regiocs: 

Their curves ind ica ted  a slow- 

LANL 
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o f  s i x  specimens by procedures s imi lar  t.2 zh::so used before.  In a l l ,  only 

f ive  i s lands  marked by small masses of tar-c-nt i iz ing  t l i c ~ s  ;Jere fo.Jn.3 a f : ~ :  

1-1/2 or 3 hours. 

These experinrents illustrate the compler -.aruro of the deposition a23 :e- 

t ent fon  phenomena i n  the c i l i a t e d  areas. In  J.:zeza:, =5e ZIUCUS i s  visc3us 

and cohesive so that the movement is not e?- z::  a f e w  :ilia under il given saot 

but, rather,  is due to the cmkined e f f e c t  31 :-a-.y c i l i a  over a s i z a b l e  are2 

moving the nucus as a blanket.  In discusoicr : , f  the  appLlcation o f  h i s  find- 

ings to p o s s i b l e  a c c u m l a t i o n  cf cigarctte in scch an  arsa Rilding re- 

ports: 

cause an accumulation. The .najority probatl:  .. :aid r.c.:. in m s t  instances, 

the mucous bracket grobaS1:i would s l i d e  over :>: X O U ~ ~  fairly reasi ly .  

usual local c o n d i t i m s  of c i l i a r y  streaming .... :x Id  p:othij,  be necessary. " 

24 

"It i s  not to be scpposed t h a t  every -;:r.y non-*:il iated spc t  would 

En- 

In reviewing these e q e r i T e n t s ,  the dura::. 3n of t!:e retention in cuch 

areas is of considerable ia?ortancc. 'Jrually , t h e  phe:.cr.ena xere obse,-v+d 

for only a few hours and, 13 this tir?.e, & ~ ~ ; 3 r r r  =I? ir.9: r t a z t  clearance ha2 

occurreii. There i s  I,O reasan t o  b e l i e v e  t h t  :: z*r:ula=;.=~s w;:h h a l f - l i v c s  

of 500 days would occur even in these l i T i t ? f  : z q A c s .  

For such accunulations to 3ccux i n  t t c  s:21?1. tLssi.e -zolx.e of t>.e b r x -  

chial region of one gram postulated by Gofnan, the p:utoni*.m m s t  e i t h e r  

enter the bronchial epithelium or be re ta ine t  t;? a ~ U C C U S  layer s t a t i c  a t  one 

spot. The former al ternazive  is unlikely on :*do counts. L e w i s  and Coughlin 

ind ica te :  

their a c t i v i t y  ..... Smoking a150 causes a de:rease in broncho-pulmonary sur- 

fac tant  volume ..... These fac tors  would t end  :3 increase t h e  l ike l ihood O f  

dus t  retent ion i n  smokers. On the o t h e r  b.anl.  szudies usicg  cxperinental 

26 

"Smoking is known to induce loss o f  bronchial cilia and to sup?ress 

00130011 010 
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d;C.AT*U' -sc-33 - - - 
late w i 5 m . J :  

c a l c u l a t  io?.s 

cannot reach 

and consequences of  t he  FOStUlated ac=uiiula::c-. woq~lt lend t o  a b e l i e f  t h a t  

the value of SO0 days chosen is u n r c a l i s t i c a X y  high.  

One other p o i n t  which must be ccns i l e red  is tLa t  althrrugh Gofman uses a 

value of one gram for  the mass of the brzr-.ck:hL epi:heliun, he postulates t h e  

r e t en t ion  i n  only a ;ort:on of t h e  branchis: r c ~ l c n  '!S\ f a r  smokers and 23 

T 

00130011.011 



for non-snokersl. Thus, t h e  <ore i s  n o t  CeLivercd ur . . foraly to the e c t i r t  

bronchial e?ithelicrn but  to these  se l ec t ed  r n c i o n s  of i rp i r5 . j  c!*arar,re. 

T h i s  asswes,  part icular ly  for the  smokers, ?%it l x ;  . : z e d ,  ir.te?oe Lrrn,lia- 

t i e 3  i s  more hazardous t h a n  lcwer l e v e l  irr3:?:atiC.': =.f a :ar;e vc1c.c. 5:s 

is another  fsrn o f  the ' *hot  part i c l e"  hy;ct:-ssis *hi:': h s  t een  ex;erlF.sr.ztlly 

discredi  fed. 27 

The foregoing diaczss ion e q h a s i z e s  5 s  fac t  tha: 2-s e n t i r e  basis fsr 

the &frr,an codel of p lu ton iu3  cccmula t ion ,  r o s r ; l t i n T  iaCiat iea  Case a?.2 

effects i s  a sheer assunpzion. 'dhile f i - n  .:ata to r e fu t e  t h e  assun?t;gns are 

n o t  ava i l ab le ,  consideration of tSe d i f f e r e r c s s  bet-2e.m the h e p  l-mc; and t k e  

c i l i a t e d  region along w i t h  such neasurerertr .is are  a : a F l t S l s  w01.112 i ~ d i c a t s  

that  the  a s s m p t i o n  of ; ra jor  accunulatian 1. ,.cr.-ciL: 3522 a r i a s  a?? reton'iloz 

with a h a l f - l i f e  of 500 days i s  uareasonstlc. 

The. Manhaztra District workers 

In Referexe 2, Gofmar! coiqares  h i s  a s s i zed  mCe? aqaiast  t b *  r e s c l z s  

from t h e  27-year study of indiv iduals  expcsed ir, the oarly Ccys cf the :lar.hattzn 

Pr:, j e c t .  2g i -ki le  we ccncur w::h the gzzera. 3 5  ~r75zan <?a: there  

vide d e f i n i t i v e  conclusions a.: t h i s  t in*,  wc' S w i s h  tr: Foir.2 out  s e v e r a l  fa=- 

tors i n  these s t u d i e s  which he has n i n i a i t e d  as w e l l  as o t h e r s  which a_opear un- 

reasonable.  

The body burdens reported by H c q e l m a n n  are c r i t i c i z e d  by Gofmn be- 

cause they are ca lcu la t ed  from the senerally accepted Lanqhsm equations2' rather 

than the 

In fact* 

exponent ia l  model derived by the i?RF3' t o  simplify &ose ca lcu la t ions .  

there are seve ra l  re fc rerxes  on ccnparison :f autopsy r e s u l t s  with urine 

LANL 
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r e s u l t s  which i n d i c a t e  t h a t  on the average, rnc: body hirdnn ca lcu la ted  f r z n  

31,32 ur inary  excre t ion  overest imtes tne valse tb-. 2..  zod frc.1 :issue analysis. 

This included soze of tkose '  work ing  i n  tZ;e -e=:s..ery o;erstions f s r  whiz5 Gof?zz 

ascr iSed a 50-day half-life f o r  ?ulxonar; b::--'?ns. 3ata incL.Aed by :er.sel-er.n 

on on3 biopsy s a r g h  inc!Lca.ted tha: %?,e qxar. ..:..: _ _ _ _  in t3.s L:ir.~ W Q S  ab=-= 

12.5% of the reForted body t.zz5on estirr.ats~.l .':m , * - ; - * - * '  - --..-- exc:-.:ion. I n  22%- 

t i o n ,  i f  we accept  the csti.ndtc 3f the ::ac.kec-Sror&iil. lyn??! 2050 r z s s  of 

P ~ c h i n ~ ~  of 1 5  grams, an a d d i t i o n a l  3 . 5 9  was ?resent i n  these organs. (Note. 

The urine will not  r e f l e c t  t h i s  residua1 l u n ;  Sur9en s ince  t h e  u r i n a r y  extra- 

t i o n  is  a measure only of t.Ut q u a n t i t y  goiz; to t h o  t l cods t rean . )  One indi-  

vidual from t h i s  grou:, was recent ly  killed i 7  an autmobi le  accident .  W h i l e  

a n a l y t i c a l  results a r e  not  ava i lab le ,  measur-3te3:s of Tlutonium x-rays indi-  

c a t e  t h a t  a s i g n i f i c a n t  quan t i ty  i s  p r e t e r t  i r  the  luzq, tnercby confirzing 

. S L ; -  ' 
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the residual burden. Such an e f f e c t  is not I?c?cc?cd 11 t h e  Z o r ~ s l  iC?P 1 ~ 7  

model althougS it is not unexpected fron at!x r f i n 6 i n s s  with nor.-tf3isa=ti*.pe 

materials. 

I f ,  then, .de c o r r e c t  the  Hrnpelmnn sys're- i :  k 2 - f  Sur2ens t y  r s t t z i n ;  by 

r factor of 5, we obtain  a val.Je of about ,J.:- ;ti E;: the ez:=irt s r ~ c ? .  I f  

we assme,  on the  b a s i s  of the only data a-ia,:1Sls, t..at the r e s i8ua l  a - o x t  

in the lung and lyz?h nodes is represezted 5 ;  ;.15 ti::es :?.e uncsrr$ctx! x i r r ~  

results, we f i n d  an addit ior.al  0.4 uCF indFr2t:nq d t o t a l  of 0.9 ;;Ci nc:~ 13 

the group. I f ,  then ,  we use G5fn.m': f a c t z r  ?f  5 t a  e s t i 2 d t e  t h e  Lni?:al Icr.5 

deposit we a r r i v e  a t  4.5 uCi as compere? t= h i s  estl.'..i'-,e of 0.39 ACi. 

The use of a SO-day h a l f - l i f e  in -?.e l-7'; f3r ?3: of the de_=csi;e.', ?IC- 

toniun is in accor2 w i t h  the IC?.? r..cZel k c t  : c r t ? i n l : .  d3es r,3t :onfc?m ta tho 

observa t ion  noted by Hcrr.Felmar.n and d i scussc~?  akove =r.ct s i g n i f i z a n t  c;.ia?.titl?s 

of p lu ton im remain i n  the lung a f t e r  27 years.  f?cwever, the i n f o m s t i m  avrF1- 

able on the  actual  exposure condi t ions  is *.*(::'I nea;ct aaC *.?e will acccpt the 

of the t o t a l  numjer of luncj cancer deaths 1-. :,?.;S :: r:?oss ir!  1075,  'c3 redncc 

the num3er of cases expected. This factcr ;s also u i c ?  elsewhere in h i s  paper. 

The r a t i o n a l e  for th i s  cor rec t ion  factor i s  r.ot give:%, but t he  i q l i c a t i c n s  ar? 

clear. Since lung  cancers occur c h i e f l y  i: c-base 40  years of age or gre&ter, 

we must assume that the lung cancer i n  t h e  older grosp i n  1945 is, i n  Sort@ way, 

b measure of t h e  r ad ia t ion  damaqt which w i - L  occur i n  t he  20-24 yeor 0 2 d  Srsc? 

with which we are mncerned. The increase i n  "spon:aneous" Lung cancer which 

LANL 
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lieve t h a t  the factor of 0 . 2 2  fo r  exposure :n 1345 is unwarranted. 

Gofrnan then c a l c u l a t c s  the  fract ion 3 f  1ul.q cancer f a t a l i t i e s  t3 Se 

expected by t he  indiv iduals  in t h e i r  e a r l y  f i f t i e s  ti* applying a correcz:oil 
'1 
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factor derived from data on page 138 of the Slr35on ;c?cral's report.' 

page contains a graph showing the increase L?. 1219 cancer incidcnct i n  cDhort 

groups b o r n  in 1900, 1890, L880, 1870, 1363, 3r3 1850, a s  derived f r o m  the tn-  

cidance rates i n  the years to 1961. 

qraph of incidence for indiv iduals  born zn  19s:: and beisre to obtoirr the ex- 

pected dis tr ibut ion  of nwker of cases for irZ:viduals boz3 ir. 1420-25. 

eral interesting and iz?Orrant ccnclusions WE r e ?  <Z&'3 :y tke Advisory CGr'Lttr25 

as a consequence of these c u m a s .  These were: "(a) ! k t h i n  each cchort ,  1cr.g 

cancer m r t a l i t y  irrcreaset unabatp,d t o  :kc eT.5 of t!!.e Life span: and ( 5 )  suc- 

cessively younger cohorts of males are at hi ther  risks t h r o * q k ) u t  l i f e  than 

their ?r&ecessors." To illustrate the lazt?: p o i n t ,  the ctlrves show t h a t  

the incidanze a t  ages 40 arid 53 was a b u t  5 :ixes '-,hat f o r  :alas born in 

1300 as coEpared to those born i n  1880. The influencr: of this on the percent- 

ages for each aga group estimated Sy Gotma3 1 s  n o t  kmwn. 

possible t h a t  unless he used mora current data than he references,  h i s  estinatcs 

could be low. 

This 

It is ' I C ~  clear hc;:~ Gofzan cscd this 

Sev- 

Howeve:, it is 

Even with the ;nccrtaintics  noted azd ..ss cE co3serva:i.ze valuesr ;;a :-.z.rc 

shown t h a t  if one uses the experincntal ev:?r?-.ce e - ~ a r l a b l c  Csfnan's estr~a ' j tns  

of amount i n i t a l l y  deposited should be increased by J factor of 4.5/0.89 = 5 

and dirallowFng his reduction by a factor of 0 . 2 2  for exposure in 1945 leads 

to another factor of 1/0.22 = 4.5  for a t o t a l  increase i n  his astimates o f  22 .5 .  

Thus, instead of expecting 0.2  cases  of lung cancer, on his hypothesis WQ woulc! 

conservatively expect  4 . 5  cases. The probabality of seeing no cases would be 

about 1%. As tofman indicated,  the expected r a t e  

rfre rap id ly  a s  these men age. I t  has been 2 - 1 / 2  

under h i 5  hypot5csis will 

years since the fIcn?clmsnn 
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given if the BEIR e s t i n a t e  is t3 be judged ? r o p a t l y  aga ins t  the hypothesis 

set forward by Gofmn. 

This b r i e f  carnent  is included to illas:rac,e a Frsblen with both doc-ineilts. 

The ufiwary reader  can be l ed  t o  b e l i e v e  t h a t  the hy?otherfs fornuis ted  by 

Gofnan and t h e  a s s u e d  values for t h e  q u a n t i t a t i - ? e  parameters are  i n  closer 

agreement with o the r  astimazes =ban they  a z t 2 a l l y  are. 

CGXCLUSICINS 

Gofman has preCuced 2 hypothe t ica l  rode: basad large ly  on assuliptior. 

and t h e  q u a n t i t a t i v s  pre2ic:ions of his FrevLods pagers 31; carcinoqenic ac tk ixs  

of r ad ia t ion .  These earlier ? red ic t ions  ka.:t. :st bee: accapte0 i r  t>e scien-  

tifLc c o a n x ~ i t y .  As a r o s u l t  of t h e  pradirt.-:?s cf :?is m d e l  he calls f c r  a 

‘ I . .  .worldwide r e j e c t i o n  of nuclear  f i s s i o n  e ? e r F  invclving any kind of  ?lu- 

ton ium h a n d l i n g  o r  recycling.” He rejects c X p l e t e ? y  the  models and knowltdse 

of those individua Is who have s tudied  such problems i rdicat ing  t h e i r  ‘ I .  . . f a i  I- 

ures t o  cone t a  gri?s  with the real-Lift! prc=::n of S:.oncSo?ulrzonary retrr.:ia> 

of PuO ? a r t i c l e s  i n  c igaret te-saoking h ~ ~ a n s .  I’ 2 

I n  our review of h i s  papers ve ha-.’e csneLu8ed :kit the speculations 05 

Cofman require the a r b i t r a r y  ccceptance of :oc many f i n e v i c a l  parameters 

and unconfirmed mechanisms to be acceptab le  as even a3 approximate nunerical 

estimate of p o t e n t i a l  lung carcinogenesis  by ?lutoniun. There i s ,  indeed, a 

pauc i ty  of direct j easureoents  of c learance r a t e s  for i n a c t  and damaged Sron- 

c h i a l  ciliated epi thel ium but current in forna t ion  would i nd ica t e  that the proS- 

lam Is not as serious as pos tu la ted  by Wfnan. 

mnts continue with more tmghasis on t h e  absolute bronchial r e t en t ion ,  a d  t h a t  

We wculd recomend t h a t  mcasnre- 
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