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R. S -  Stone, Division Chief 
A. PQysics 

".he m u i t o r u g  OS rediatior, hazards.ht Site X has been set up 
as foUovm: 

I. Personnel 

(a) Podsot radiation metors on every one ertering the grounds 
of the Clinton Laboratories.. 

(b) Integrating recording metors and ro te  recordinG Eetors at 
fixed locations i n  the various buildings and around the  grounds. 

( c )  Survey neters  to be taken f o r  rapid ciiecking t o  any point of  
suspected high intensity. 

11- 'Rle Public 

(b) 'Fixed intogratin6 recording neters ic the vil lago and at 
Clinton 

( c )  Surveys with high intensity survey meters a t  various p i n t s  
i n  and around the  reservntioI? under various wezther conditions. 

(d) Keamrring instruments on the exhaust air  f n i  the P i l e  end Trmi 
the Extraction Plant .  \ 

( e )  Sempllng of the u:ater at various pint: :  before it is turnbd 
into the river. 

Seooral instrunents have been tested, especially lsodified "inte&ons" 
A nodification of tho pocket condenser chmbcr has been 

\ 

i 
add pocket chambers. 
mace BC) as to read beta-rq doses. 

/ 
T&e radiations frournasses of X-metal  have been measured. The praj 

intonssty creates no hazard but the penetrating bota-rays ere 
nmorous to  be a hazard to the hands of anyone ?-an<ling tho 
ed periods. / 

KeMurments of x-rqs tUou:;h n narm.; sta;;Zmed cknanncl x x c  m d e  
t o  clreck on offectivewso of v.?riocc oft'cets f o r  glug~ i n  tile radiation d i i c ld .  

B. Diology 

Since rudioxmon is not ovailcible radioargon has been w e d  m i t i i  guinea 
pigs, with inconclusivo results t o  date. 

The "neutron unit" bein; used here has been checked with Berkelq 



instruments and found t o  be the 8mie * ip~s ica l”uni t  as that used at t h e  
Badlation Laboratory in Uerkelgr. 
ksen fomd to di f fe r  frola those found at Derkelcy m d  Ann Arbor. 

Toe Droso~hilz  egg survival curves have 

Thk z~t5;+”;umir~,l c~mjt~~2~15 6~iil.j esi;l’~~-tes of t i e  baiatological 
changes in rabbits  indicate s.n 

Calculations show that the “tolerace” concentration of in air 
which is breathed for 8 h r / d q y  is 2.5 x 1p13 curios /d. Fomulaefor calculating 
the radiation dosage in tissues f r o r l i  inhaled or ingested fission activities 
are given. 

ratio of .7. 

C. Clinical 
r-- 

Three w x k e ~ t  shoved blood c:ianges due to ovsr-exposures to radiation. 

A n avoidable ethor e q l o s i o n  dazuaged tiiroc workers. 

The air in sone cooperating giants has been found to have dangerous 
concontrat Ions of metal dust e 

Tho worfc at the associated and sub-contract centers has continued, 
(except U J L  in IJeyJ York) slow the l i n e s  previously follo1;red but no new 
resdts are reported, 

Dr. Church of the l~leteorologlcal Division has mde a separate report 
( m-563) - 



A. EEL%%: PISSICS 
E. 0. !','ollan - Section Chief 

1, %diction Edonitori:~g and InstruI;?cnt CoordinntlnG C-ttee. 

The Cormittee has been meeting rc@arly nince its fanmation end 
has recornended t o  L.D.Yhit&m, throu@i the Hoclth Division, n plan for 
nonitorinc radiation at X. !his plan included a s ta twont  of the nmbor * 

and types of instrumsnts, t h e i r  approxilate locrtion vdth  respect t o  ope- 
a t inc uni t s  and cbout the  area as a :*rliole. 
at various poicts before retunring it to t he  r iver  has also been eiven? 
Ordorn have bcon placed f o r  tho nost of the required inctrunents. 
these instruments are b c i q  dovcloped 'and constructed here, t he  m j o r l t y  
are, however, being acquired fmx outside concerns. 
i n s tmmnt  items is t3o r,ocket radiation iLetor. These w e  beiw ordered 
i n  a sufficient quantity t o  furnish than t o  the ent i re  personnel at X. An 
a i r  conditioned roon xi11 be set  aside o r  a mall house b r i l t  near the 
entrance gate i n  which tliece meters !rill be chmzed and read, recorded and 
kept i n  repal??. Thcse pocket meters in addition t o  being used i n  checking 
the radiation received by the Irremer w i l l  bc used in l?;ilard houses o r  on 
p a r d s  patrolling the  boandqy of thc S i t e  to  e v e  a contir,uous record of  
the  activity of the air which mves out of the area. In po?ulated aroas it 
is plenned t o  sui@.arent the records received from these pocket meters with 
continuous recording units.  

A plan f o r  smplini: the water 

Some of 

One of the largest  

Survey nietors for the rapid checking of the  Activity at any desired 
point vi11 be available i n  two types; (I) the vacuum tube auplifier type 
made by VictorBen, which reads tho intensity directly on a meter and ha8 a 
Renaitivity of 0 t o  0.1 r/hour for f'ull scele deflection, (2) tho Lawitsen 
electroscope is being made up by Fred C. Iionsen in the form of a portable 
i n s t m e n t .  Y?ith th is  instrument intensity is determined by neasurlng the 
r a t e  of d r i f t  of the quartz fibre. 
t i v i t y  t h a  the direct  readirig type, and fron our point of vim? it is generally 
nore satisfactory. 
of the direat  reaitbig type. 

This i n s t m a t  has a mch bigher sensi- 

For operating personnel the fceliw G e m  to  be in favor 

Several r s c o r d i x  i n s t m ! m t s  for gmzc-r-ey r,ieasurecronts 3611 be used 
new the pile and the extracting plant .  
f icat ion of an i n s t r u n a t  r.!ade by Victoreon, knovm as the  Intcgron, vrhlch has 
bean i n  use i n  x-ray therapy for  several years. 
md.1 thiiilble chnmbcr of about 0.5 BC volume and it integrates a dose uy t o  
300 r, After a dose in th i6  r m g e  is delivered L! rolm shuts off the  x-ray 
machine ma riqs Q buzzor. 
full 5cale on the Itieter is b-t dom t o  0.1 r. 
the slope 01 the line drawn is a masum of the i n t a s i t y  and tho  t o t n l  deflec- 
tion gives the t o tu l  radiation received, Ey adding a clock ~ h i c h  chmges the 
system every 0" h o u s ,  the  m t c r  ncvcr rcx.ci;ce t:io i idt  o f  the scaio  unlcss 
the dose is greater than 0*1 r/8 hours. If' t h e  :,icter does roecii the l imi t  and 
hcnee icdicatcs t co  hi[-:l a r t ~ i i z ' c i o ~  L w ~ l  an a U . ~ r , r  can b e  set Gff if. desired, 
and tho i n s l m e n t  reset  autorna.l;icd-ly. "his Lzeter has a very high upyei? 1-t 

One of these i n s t m o n t s  is a nodi- 

For the x-ryv vork it has a 

3y increasing thc climber volme to  1500 cc, the 
1:'hen operated v i t h  a rocorder 



#5 . 

of range .because it can go throw the 0.1 r cycle vctry rapidly. 
instnunent is of the RC. amplifier type apd for t h i s  reason it should not 
have much zero drift. 
sketch. 

The 

The principle of the unit is diotvn i n  the accompanying 

i I 

I I 

The central system of the ionization c;1mbcr is attached t o  one a& 

The other set of plates is attached t o  and insulated froxu the shaft 
of pla tes  of a well insulated condenser and this  sys tm is charged up 
relay. 
of a notor,. !he rotating plates have an a l tomut ing  potential  induced on thm 
which ia prowrtional t o  the charge on the ionization chmber electrode. Thie 
alternating potential is amplifid,  rec t i f ied  and read on tho  meter. A s  the 
potential on tho chamber clectmde leakc off the neter reading changes. 

the 

One of these instruments is now being tosted and so far has operated 
in a very stable manner. 

This Committee i n  now &gaged i n  drawing u? a plan for numitoring at 
A more cornplete report of the Comit teets  reconmendations w i l l  be Site 1. 

made l a te r .  

2. project Handbook 

Work is i n  progrons on the Health Protaction chapter of the project 
handbook, with Em. Cantril and Cole. 
Piniahecl by June 15. 

It is  expxtod that this '.all be 

3. Training Prosram 

The five lectures scheduled on the physics of radiation nmtection, 
given to duPont trcinoec w i l l  be corplcted on Lay 10. 

I 

XI?. !?&.Porter spont throe we&s vrorklag i n  this section under Ilr. 
Parker a8 a helper and trainee and now a. J.Q.dWont is v i t h  i ts  i n  the stme 
C&?tICity. 

4. Radiation Hazards fm:n X-Ivlotal H. K. Parker 

Parker has cozkecl out sozic generd prapsi t icxib f o r  the e s t i m t l o n  of 
gama-radiation fron any confi&umtion of metal. Parker and Gamertsfolder have 



worked on the beta- and alpha-ray aspects. 
a report to be published th is  month. 

This data will be collected in 
The general conclusions are: 

(1) The maximum dosage rate f 'mr ;  the gatma radiation arising 

(2)  Ihximum dosea rate under worst possible conditions (e .$ .  

f r o m  a single f la t  w a l l  of metal is 0.04 ( : .Ol)r/ 8hr.dq.  

conplete roon) is 0,08 ( :.02)r/S hr. d a y .  

(3 )  The beta mdiation f r o m  stored se t a l  is adequately remved 
by keeping nietal in wooden box06 3/4" tinick, 

( 4 )  H a n d l i r g  of' bare netal can aive-0.25 r/hour if the  soft 
coiiponent of beta-radiation is included. Accepting 10 me/m* 
a s  e reasonable thi-ess for tho skin lqyer of "pa6sfve 
absorptionn (See Parker's report on Beta-ray effects in press), 
the effective radiation is reduced to,-*O.W r/ hour. 

( 5 )  The protective value of gloves is possibly overrated in this 
case. 
6 - lo$; leather gloves by about 25%. 

The regular canvas glovos reduce the exposure by 

"he report on toleranoe dose being mit t cn  with ET. S.T.Cantrf1 
is cmpletod and ~ r l 3 . l  appear soon as a separate report. 

6. Beta Hay Chambers - Porker and Gmertsfolder 

Beta ray-chanbero have been made t o  the dis .enoions of the  present 
aluninum chambers by - 

(1) turning &om the wall t o  su i tab le  thickness, 

(2) replacing the central -portion by a cylinder with  
aluninuu foil, 

( 3) .  using metal screen. 

The foil thiukness rRne;ed fmx!. 2.17 rag fi/cm2 on up. The thinneet 
was m i l e ,  but beyond 5 rIg =/a2 the tubes were wrprisine;ly sturdy. 
of the chmbers could be vrorn ouside the clothing i m i d e  a protective cage. 
Tho chmbors have so far been used to  study the  oxyosuro t o  BetE-radiation 
franX-metrl, etc. ,  and to  neasure secondary bot&-radiations pprod~cod by ganma- 
ray sources in the lcboratory. 

Aqr 



a. Victoreen Pocket Chambers.. 

7. 

c 

have previously shvm that  the Victoreen pocket chanbers used 
with the Uinoueter have linear scale up to-0.05 r after which the reading 
falls bQl017 tho tine value by an m u n t  increasine t o  3.M a t  full scale. 
I n  B recent conference with bk. Victoreen he indicated that  this result vms 
unlikely unless the exposures were made at a r a t e  hiy>er then tha t  recommended 
by hira ( -., 10 minutes), t he  curve has been repeated with exposure t m e  up 
t o  3 hours. The s m e  deviation f r o m  linearity has been obtained i n  all C Q S ~ S ~  

b. Other Pocket Chmibers 

1. A groul) of 12 chanbers vim returned  fro^ an outsidc source af te r  
2 m t h s  use. 
collected by such groups w i l l  be meaningless( e x c q t  86 D sa.t'e@ard a@Ilst 
gross over-expooure) until tho recording is done by competent men, 

m y  3 of these viere i n  good condition. The exposure data  

2. A net7 set of chambers has been lllade up with bikelite m a l l  instead 
of ,  aluminum, partly because aluminum m a s  no longer available mad partly t o  
take advantage of the bupraved wavelength effect. 
a carbon coating and a inetal stud connecting the inside surface with the outside.. 

These chanbers v r i l l  require 

1 

3. A ample of conducting rubber m a  sent t o  uo by Uessrn. duPont. 
Its conduction i s  l e a s  than tha t  of un- Tnis has been made i n t o  a chanbor. 

t mpered bakellte 

Measurment of Radiation Thmw a Narrow Stwzored Channel -C,Gmertsfelder 

In the plugging of holes in a pile shleld o r  tbe bringing of leads 
throw the extraction plant shield it mey be necessary t o  have one o r  more 
steps or bends t o  reduce the radiation leakage to  a safe level. The follotving 
experiuent was perfoxwed to  check the rad*tion leekwe through a channel in 
8 lead shield as n function of the size of the.offset  step. The set up con- 
sisted of a channel 1/ ,&" x 3/4* in cross section an8 16" long bui l t  with lead 
bricks and spacers. A 2 gin Redim ~ource was placed at one end of the channol, 
the source being shielded on the  other sides by several inches of lead. 
ments of the intensity of the o p ~  and of t h o  channel were made with a L a m i t s e n  
electroscope for different offset  6tq3s. 
was found t o  be too high t o  gct saturation in the  char?ber so tkesc Q o m r a a t s  
were Eade tilth e Lead absorber betmen the SOUTCO rrd  ths c h d c r  acl ;;Lo 
intonsi?;g for no absorber vas cilculated fmi absorption data. 

Ideasure- 

For the open channel, the intensiw 

.0069 
--- 

. O O l 9  I- * 0081 
- 

1 *Gz Rclat ive h e y  
tmu& CMnnel --- 



The fact  t ha t  the reduction by the arrangcrients in columns 3 and 5 me 
nearly equal inaicatcs that  scatterins plays  a negligible role arid tlie 
radiation passes through the lead of tue steps. 



C. BIOLOGICAL REsEARcn: 

IC. S. Cole, SectionChief 

8. Xenon and Argon Ibqerinents 

Active xenon has not been available f o r  experiments during the 
past nonth, and only control guinea pigs have been naintained i n  the closed 
animal houses. 
autopsied and found t o  be grossly nonnal. 
not yet available. 

Anixuals kept in t he  bot t les  f'roxa two weeks t o  a month were 
Reports on microscopic sections 

It 17511 be necessary t o  work out a procedure for  recovering and con- 
centrating x8133 at Site X. 2 xC of Xd-33 isolated from the latqst St. Louis 
bombarhent are being used f o r  the developient of these procedures. 

To obtain information on the pathological effect of a beta-emitting 
gsa and on the concentrations necessary t o  produce acute effects,  an attempt 
was made t o  use a ive  argon (AU]. This isotope is produced by deuteron 
banbardmant of A @. It decays 
LleV germna. 
one8 for  X d  should be qualitatively sinilar). The half-life 

emission of a 3.5 blev b t a  and a 1.37 
these energerieo lsro nuch highor than the corresponding 

is short, 110 minutes, 

TO date two animals have been exposed to A@. i g  b~ was placed i n  
a bot t le  with an i n i t i a l  AQ conoentration of 5.3 x 1 OB & e / d  and 
removed 3.4 hours later for observation. 
when ki l led  apd autopsied a f tor  one week. Lateral surface of lunes showed 
some consolidation. 

The animal wae apparantly nonnal 

Eicroscopic sectlons not yet available. 

Pig $!8 had A13 added t o  his atmosphere on 3 suc esslve evenings, 
the i n i t i a l  concentrations being 5.3, 4.%, and 7.4 x LO-g curie/Cd. For 
several days after the  th i rd  oxposuro the animal vaa ill but recovered. On 
the fif'th day a f t e r  exposure, it  was'killed end autogsied. 
except for lung consolidation in the  right hilar region. 
on aioroscopic sections. 

Grossly normal 
No report as yet 

One fur ther  attcrnpt is being carried out t o  give an animal st i l l  
more AU. 
however, since en initial concentration of 5.3 x 104 curie/& give8 the 
anLmdl a total lune dose approximte3.y 1 r. 

The chance for  extensive lung damage rem t ing is probably SWII~.~  

9. Fast Neutron and X-ray Fsrp e r b e n t s  - R.E.Wrkie and L,O.Jacobson. 

a, Standardization of Ionization Chmbers. 
I - TJ~TL,:~~ thp ccc:?:czy G ;  E::. Pa:d. 5 .  Aebcrsold of %:-,e Crock-3:- .1Fetion 

Laboratow, University of California, ':re have obtained the loan of the Victoreen 
condenser r-meter and thc special 100-r cha-;bcr rrhich have boen used i n  oll of 
the Past neutron radisbiolol;.,; md clinical radiolow at Berkeley, inclu6iZX 



t h e  early vrork on Drosophila eggs and the work of J.H.Lavrronce and G,H. 
SneU, on-various han;lful effects on mice. 

This chmber has been ex_Doaed to  the neutrons f'ron our cyclotron 
sSrmrltilneously with our o m  meters. The resul t  of primary interest  is 
tha t  the special California chant;er gave B reading 0.96 as high as the 
meter which we have been using as an arbitrary standard. 
conclude that our n-unit is substantially the sane as that used at Berkeley. 

We may therefore 

b. rnmphila survival 

Survival curves m e  non well eotablished for 2-how Drosophila 
eges eqpsed t o  (a )  200 kv %-rep and t o  ( b )  nixed gaunila end fast neutron 
radiation fron the  cyclotron, (The mason Tor using t h i s  nixture was that 
me originally planned the el=g eQosures as a means of checking back against 
the resul ts  obtained at Berkeley in exper ina ts  which likewise involved the 
t o t a l  be-D earrission.) These curves were Burprising fmn two standpoints: 
(1) They are  dist inct ly  different in shape. 
f i t  8 ,$-hit theoretical  curve and the qyclotron points fall nicely on an 
E-hit curve, although there i s  good reason t o  doubt that the h i t  theory 
i s  adequate for treatment of these data. (This difference i n  shape of the 
two survival curves was not noticed in tho ear l ie r  egg experir?_ents at 
Berkeley and Ann Arbor, in  which tho goonetry of the  arranganent f o r  irra- 
diation with neutrons ty88 rather poor.) (2) The dosos f o r  50 percent survival 
were 173 r and 47 n,  f m  which follows an X/N d0sq.e ra t io  of 3.7- The COF- 
responding ra t io  obtained in ea r l i e r  work was 2.1. 
substant ia l ly  the sane as tha t  used i n  the earlier work, it is obvious that  
we have here 811 entirely new ra t io  for  2-hour e z a .  This  discrepancy is  at 
present ascribed t o  the fact  that  the f l i es  w e d  here are of a s t ra in  d i f -  
ferent from that previously used, the l a t t e r  no longer b e i q  obtainable, 
Such differences i n  X/N rz t ios  f o r  different strains have been observed be- 
fore  i n  other species, and it is intereotiry: t h a t  we have here discovered 
another exanple of this effect,  &thou@ it is obvious that the eggs have not 
helped us much i n  the ro le  of biological dosimcter, 

Tho x-ray eq?erirrentdl points 

Since our  n-unit is 

C. Rabbit M v a l  a d  Blood Effects 

The faat  neutron and x-ray survival experiunt at tho prosent indi- 
cates an WIT dosage ratio of about 7. 

Lir. Riley has tabulated the blood data so far aveilable and has 
begrun t o  analyze ther.:. Ono analysis, based on a definition of 8 tlsuMTivorw 
as an animal whose t o t a l  Yzhite count never f e l l  beloir 2000, yielded rough 
~ ' s u r v i v d ~ ~  curvcs .ifilicil indicdte an X/N dosGe ra t io  of a t  le-t 6 and ?m- 
bably a8 rmch as 7, vhicli c:recks vith the  current indication of 7 fo? the 
corresponding ratio p r t a i n i n s  t o  l e tha l  action, 



10,Iiazards _m~if Fission Products - 11. b. Cohn 

Durinf; the past,,pnth a number of c=ilculations u e m  carried out 
relative to the radiation hazardo from idlzsiad or ingested f iss ion pmducts. 
Due to .t;he proximity of' 6UCh x a t e r i a l  t o  body tissue, and the tendenq for 
it t o  conoatrate i n  a relatively m d l  volume of tissue (e.& Sr in bone, 
I in thyroid) ,  we hope here a situation in vrhich bete,-radiation is a far 
mre  serious hazard than garma-radiation of equal energy. 

V?o& to date has shown that many  of' the f iss ion gmducts a r e  very 

In this situation ae have t o  consider the fate 
poorly absorbed f r o m  the gut into the blood. on the order of 99.9% or more 
passiw out in the feces. 
of the absorbed frarrtior. a d  also the irradiation of the gut duriw passage 
00 the unabsorbed residue. Thio latter i s  practically indepeneent of half- 
period (if Ti: 1 d a y ) ,  but the irradiation due to th3 ilzternally deposited 
material {that absorbed loss t he  mount excreted via urine or feces) i e  not. 

The d.culat$on of the absorption of mterial inhaled into tho lungs 
is conplicated in amoral wws. 
on the l u n ~  w a l l  and escape the protective and excretory meeh8nl .ms of tllat 
organ depand uson particle size, solubility, etc. 
or solution at the ~urfaco, abaorptioa into the blood w i l l  occur t o  a greater 
or lesser degree. 
we have t o  oonsfder the irradiation of the lung 
wkich, contrary t o  tho cam in tho gut, is  not excreted and om be considered 
BB f ired just as that ltlaterial in bone is practically pemanontlp fixed. 

The extent to which such material w i l l  deposit 

FolmW such adsorption 

!he laws governing; th i s  are  not well known. Here again 
the unabaorbod residue, 

The maximtrm intensity of radiation, I,roentgon/day, 88 8 result of 
curies of radioactive material with a disintegration energy, E, electro- 

volts, all the radiation f'm~ this source boiw absorbed in the moss,l, 
grnms, is based on e q u i ~ a l ~ n c ~  of cnergy absorption. 

Tho d i f f i cu l ty  in app3ying th is  sbsle f'orrrula lies principally in 
Ye are  also haapered in aseessing %e value of l'? for  any part$cnlcr case. 

the calwlation of 
hand, for the biochemistry and metabolic characteristics of' r i z P  of the 
fisoion producto are  not knorm. 

Xn a recent co;mmunioatian (IlUC-HG-65) it was polnted 0u.t that the 
nlaximm (equilibrim) istensity (I,) tha t  con bo aChi8VOd in a &van tissue 
88 8 result of inhaling a radioactive alxosphom GI* c o u s t o ~ t  activity for 
8 hours out of each 24 is givcn by - 

in those caaes for vaich experimental. data are not at 



f =  

d =  

This also follows directpj  fmsz (1). 

F., is thc m of radioactive decay and 

- 
i l l2 

mries/cm3 i n  a i r  
Volune of rsdionctive cir inhaled 
per 2 hrs. (4 .8  x lo6 cm3) 

fraction of inhaled radioactivity 
removed by .lung (not exhaled) 

fraction of rexoved act ivi ty  absorbed 
into blood 

fraction of absorbed material Whose 
radiation is  absorbed i n  tissue of 
mass (variee fron tissue t o  tissue) 

biological excretion, i n  deys -I. 

The m a x i n u n  dose r a t e  that  can be achievod by the unabsorbed residue 
r m i n i n g  i n  the lmg is: 

The constmts in  equations (2) and (3) which must be evaluated are ,  
principally, f, b, and d. Experimentally it should be possible t o  measure the  
products fbd in (2) and f (1 - b) i n  ( 3 ) ,  and plans have been made t o  do 
th i s  at X, 
absorption in the luqs of such materials as iodine, xenon, nicotine, dust 
par t ic les  of various sizee, etc., for an evaluation of f. Eeasurorients of b 
the absorption, are being made by Hanilton'o group (CH-39, CH498). 
deposition of absorbed material, d, w i l l  be about the sme for material. 
inhaled and abeorbed as for materiel armlloived and absorbed -- it represents 
the deposition fmK blood i n to  tissue -- and for its evaluation vie can use 
the data of injection o r  stomach-tube experinents. 

I n  the meantime we draw upon what is known about the rates of 

The 

&om a period of inhalation which is short campared t o  the mean l i f e  
of the isotope involvett. the 
subject is rmmod fr0I.i t'ne radioactive atms:3hore, a d  ia given by- 

intensity comes at the t i m e  when the 

t = time of exposure 
in days. 

Thc m3ximun: in tensi ty-set  up i n  a t i s s i c  frox the insostion of a 
source is given by (fro;; (1)) - 
I~ = 61- E x Q, d = Curies iwos led  

w a fricticn of absorbcd into blood 
d = fraction of absorbed ueterilil wiiooe 

radiation in absorbed i n  tisme of 
moss 11 ( d  mrics  fror '  tissue $0 
tissLiej ( a e  ,2 j  1. 



The in tes t ina l  radiation due t o  the  unabsorbed residue is 
relatively independent of' half-period, so that bcth intensity { Y/dey) 
and to t a l  dose (I') are given by - 

Thereas the t o t a l  dose following the  tlme of attaining Im i n  any other 
tissue r i i q  b e  derived fmn the equation 

where .;t is  as defined above. 1 Dose, D = Im x- ( 8 )  

The calculations of U, the absorbing mass 02 t issue,  for the cases 
of lung ani! intestine are extrmely hazardous in vim; 02 the conp lw~  sur- 
faces of tliese orgens. It may be assumed, i n  the case of lung, that a l l  
beta-radiation originating rvithin t h i s  organ i s  absorbed v r i t h i a  it. This 
follovrs from a consideration of the relative ranges of beta particlea in 
tissue and i n  air and from the average thickness of the tissue, which is 
less than the  beta ray-range. However, there  is no reason t o  consider a l l  
parte of the  lung t o  be equally radiosensitive; certain types of pulmonq 
a b i n i s t r a t i o n  n ~ 3 ~  load t o  a radioactive concentration in, f o r  e m p l e ,  t he  
lyri@atics in the lung area . Such histo-concentration effects  nag be in- 
vestigated e ~ e r i u e n t a l l y  with the aid of auto-radiographs. 

Irl tae case of the intestine it is cot  possible safely to assume 
that  all beta-radiation o r ig ina t iw  within it is absorbed i n  its wallsr 
Although the  surface mea of the intest ine is extrmely large, like that 
of the lm, in muparison t o  its size, we do have the  possibility of' ab- 
Sorption of beta-particles i n  the  fluids betaeen t i s sue  surfaces, and we 
do have the  possibil i ty of loss of beta-2articlcs anitted in  a co-eCKiat 
direction. 
la the tongue-like villi, covex9.n.g the surface. 

As a guess we may assume that all the beta radiation is absorbed 

Baaed on the above considerations, calculations are being nade for 
the tolerable amounts and concesltrotions of the various fission products 
that  nay be inhaled o r  ingeoted at cny one tin;o or continually over an 
indefinite period- 

The calculations of the p~-.tvious section have been applied t o  the 
problem of iodine i n  XUC-IlG-74,88. An iodine t o l e r a c e  has been given i n  
LlC-HG-74,86 t o  Lk. Coo2er,on the basis of equation (2) of the preceeding 
suction and tho  foll0xL-G assumptions. 

1) ik%il;lr 8 hour exposure 
2) Avorqo beta energy, E = 0.15 LcV 
3) Meintigration constant A 
4) 20 percent of inhaled iodine deposited i n  t h e  thyroid, 

5)  Thyroid tolerance, I, f 1.0 r/day 
6 )  Thjmoid mss, I? = 25 &m. 

.OC9 day. 

f = 1, C = 1, d = 0,2 



D. CLINIC& m1Cm AND 1iEDICAL i3XSF"m 
S. TI C a n t r i l ,  L.D., Section Chief 

12. EicGical Control an2 Accidents 

Blood effects due t o  handling of radium sources appeared i n  t y J o  
workers during the past month. 
vorker wlth a low blood count 

Tila cyclotron vms respor-sible for a Ynird 

me hazards of ether were again brou@it to t he  fore from an ex- 
Three xen received first plosion in  one of the chemistry laboratories. 

degree burns, tm of which necessitated hospitalization, but no permanent 
damage niU be sustained. The combination of an ineff ic ient  hood and gas 
flme i n  the adjacent hood resulted i n  explosion. 
being given t o  th is  h w d .  An ether extraction of 70 pounds of n i t r a t e  
done i n  Ur, Perlmm's Group poceeded without accident, blzt r i g i d  precautions 
w0ro observed. 
negligible linit by forethought to  protection measurements. 

Corrnercial I l h s t r a t o r ,  t o  sid us in grepariny, ysters enaphaeizing sone of 
the  hazards. 

Renewed emphanis is 

Tlie r a d h t i o n  hazard of this extraction vas reduced t o  

l e  have obtained the part-time services of I.=. Richardson, a 

Nessrs. Fiollan and Gmertsfelder have perfected an instrument for 
analysis of microgrnm amounts of the metal i n  t issues after ashling and pre- 
p a a t i o n :  
now with autopsy of animals. Studies in animals of the toxicity of uranium 
ofids and uranyl nitrate by ingestion have been in progresc for f ive  months. 
grin absorption study of ether exbract of uranyl n i t r a t e  has been in ~rogress  
fo r  four nonths. 
a limited scale and w i l l  be continued to fom 8 complete &udy of uranium 
deposition, excretion and toxic effects. Inhalation a d  feedin& experiments 
on dogs have boen i n  progross for four raonths using pondered uranium metal 
and oxide. 

The r e l i ab i l i t y  of measurmcnts i s  sufficiently good t o  proceed 

Subcutaneous injection of uranyl n i t r a t e  studies were done on 

Future experii-ents r d l l  be directed to::ards 

(a) A cmiploto picturs of toxicity bj injection 
e:~erimollts, u s i w  t h e  n i t r a t e .  

(b) Stuilics of the co~rpounds in m x t  coizion use (oxide, 
t o t r a f lmr ids ,  tetrz-cuorlde and rnetnl) t o  determine 
the absorption and toxicity by the route of  ex-pmre 
nost likely in practice - in,yslion, inhalation and akin 
absorption* 

The results of certair, of these expcrkientn hme a l r eae  vravod use- 
ful in ap-:rafsinC: t l re  f c r x d i a t e  hazrrd 0; the f n ; ; e s t i x  of ti30 oxlt?e a?. ~ 

nitrato, rad  t h o  sk in  absorption of tho etlior e x t r a c t  o f  tho  ni t ra te .  3'urtI:er 
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studies will be conpleted i n  time t o  appa i se  the relat ive toxicit.,r of 
other conpounds. Aniwils ere kept f r o a  each grou;, t o  ascertain the chronic 
affects ovor a long period (maximm f o r  PLce 2 years) .  The results of these 
eqer inents  v r i l l  s t i l l  be uoef'ul i n  appraising my expected toxicity* 

1& Tolerance Level for  Idetal CoatamlrLa.tlion of Air 

No tolerance level has previoualy bean established. The United 
Stater Public Health Somice has set the tolerance limit fo r  l ead  contamin- 
ation io air as 0,15 mg per cubic neter. 
the tolerance for the m e t 4  shal l  not be greater then t h i s .  rty the use of an 
electrostat ic  precipitator and a Derahai Electoneter it is  poscible t o  measure 
the alpha-ray ect ivi ty  frox a given s a q l e  of air and by t h i s  means arrive at  
tho concentration of X Lietal. 

It seo1:s reasonable to  assume that  

Dr .  Nickson aurvcjed the i3 & T Kctccls and the 1E.H.X S d e  Co. with 
special reference t o  the m e t a l  contanination of the air. 

B eC T I J i c t d s  

Lleo,urmx?nts of nietzl i n  6ir 
3/31/43 - near rol l ing table  and extrusion. 

l+/l5/i+3 - next henting cyclfnder on 

trough 3.73 d m 3  - near hearth f'urnace 1.68 r45xu/rn3 

extrusion nachine 1.62 4 d  
\ 

Ueasurmentc s:ios acrounts t h a t  are  fron 10 - 20 tines tbe tolormce 
As a result, it was recourmendod that e i ther  an exhaust qster3 be level. 

instclled,  o r  respirators be wrn. 
upon, 

A t  present rcspiratoro have been decided 

H.H.X.6afe Co. 

The first ample i s  about 3 tines the tentat ive tolcr,?-nse dose of 
O,L5 per cu3ic rieter. 

Those f i m s  would indicate the need for protection of the workers. 
Protection could be obteined ei ther  by the i n s t d l a t i o n  of  suction rjstcms, o r  
by t h e  uss of suitable res?irators. 

.Sumq of the  radiation oxposuras in  the storage room, T::herk l u g e  
quantit ies 02 the rietczl 'I;'crc stored, ohoxee that  there was no raaicltion hazard. 



penetrating beta-radiation withcut gloves is of the order of .1 r per hour 
and tha t  leather gloves cut this down by only 25%. 
of the m e t a l  evcry day, all day, exceods our present limits of tolerance 
fo r  bets-radzatioa of these energies as this  radiation is sufficiently pene- 
t ra t ing  t o  roach below the skin. 

The .continuous handling 

That no damtge has born sustained to  dzte is not evidence that it tlnll  
not be over a period of years under constant daily handling, 8 hours a day. 
It is therefore indicated t o  a2praise by careful observation ana meosuraent 
the amount of' radiation which X-metal vorkers received t o  the hands, 
certain operations the accumulated t i x e  of handling throughout the day may 
exceed tha t  i n  other operatione and way8 my be found t o  reduce actual 
handling or ilevise suitable pmtection, 

I n  

16. Total Body Radiation of fdan 

SwJe  e,ul>osureG of 60 r (400 kv) have bcen Given t o  four pationts vdth 
incurable di6eaB8. 
bebm is six weeks. 
E e d t s  cannot be given as yet but are  proving of in te res t  and w i l l  prove usef'ul 
in the  future. 

The largost internal of til-e since the first of these was 
It is hoped that a larger number of patients can be treated. 

17- Effect of Vitamin C on Radiation Induced Leukopenia 
I 

Thore Is some evidence In the l i t e ra ture  that massive administration 
of Vitamin C hao a boneficial effect upon recovery fron radiation induced 
leukopenia. 
started when t h e  ncv experimental laboratory is  conploted a t  Chicago (June 1) 
and approximately 4 months w i l l .  be required t o  carry out; the study. No addi- 
tional personnel v r i l l  bo required other than thet provided i n  the new laborntorg. 

:?e propose t o  study this effect i n  animals. The m r k  vi11 be 

If the rosuLte reported in the literature m e  confirmed, the work 1~.4ll 
have porfomed e moot usexU purpose. 
tbe v a l i d i t y  of prescat clains. 

Yie feel that  it is essential t o  study 

Clinton hbore tor ies  

The Uedlcd. organization at Clinton Laboretories and oquipient t o  
perfom our vmrk there have bow plannod i n  detzil .  
tory,  personnel a d  equi+mont have bcen planned, a d  the persowel largely 
secured. 

Tho Hmatologr Labora- 





i)r,. C1:silroff has now completed his studies with Strontium and 
the autstunding facts  to be secured fmn h i s  rwrk m e  the  follovdng: 

2. Roughly 105 is absorbed by- nouth and the absorbed 
fraction iS almost exclusively t o  be Tound i n  t h e  
skeleton. 

4. lEWIflWiATIOI5 STUDIES 

At present Professor Greenberg is investigatir~g the  protective action 
of inert St ron t im i n  reducing the  u?take of this  element into the  body. 
addition the  effectiveness of various rauoval agents previously l i s t e d  are 
being Dore thoroughly studied. 

In 

We hare now suuaeedeb in preparing Badia-16hrthenlUm wit- w r r i e r  
and free from other radioactive el€nnente. Preliminarg experiment8 indicate 
tha t  this elanent is rather poorly absorbed fron the peritoneal cavity with 8 
very large proportion of the  absorbed fraction going t o  the liver, and only 
small amounts depositcd i n  the  skeleton. 


