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The aaientifio work of 4ha Wivsrsi'cy of  Bochostar A t d b ' E n s r g y  

eat has -men coded a% tho program and probles lovolsc The p r o g k ,  

ral, indiaate broad fiolds of invest ipt ive  or servioo aot iv i t iee  

the problems Indioako divisions of theae f i e ldso  Although co oon- 

n t  method of division i n t o  problems was poasiblo, an aktempt pma made' 

natural division in tkc oense that enoh probleia would en- 

j e o t  nornrplly written up and generally considered as a unit. 

on ohemfcal toxioity of uranium, for ezumple, has been broken 

into problem aocording t o  the divisions oomonly employed by toxi- 

The problem aodes are not related dirsotly to the administrative 

zation of the Projeato Consequently, t h e  smllsst administratiro 

the seotioq, m y  work on.more than one of the ooded problems', . Con- 

y, more then one section nrsy m r k  on' the sane aoded problem, The 

fI3tXTLtiW organization w i l l  be ignored h making a s  quarrtorly re- 

of our research and nemiea a u t i v i t b ,  all mcbrial being aseemblod 
I 

ording to the program and problem O a d e S c  'phe coatribution of eaoh see- 

t o  &-Quarterly Technioal Repork w i l l  be prefixed by the section nun- 

I V B ~ ' ,  to permit r3fereccs t o  ths adninietrative organization if 

0 

It hps not been poscibli t o  o d e  the problems suf'fioiently broadly 

1a mace in  whiuh varioue part3 of P given ik- I d  a l l  overlapping, 
0 

tfgstion might bo aoded dift'arelntly, thd whole work 8 8 6  aoded aooordfni: 

its pr+aipal subject rntter as-fong as the minor subjeots were rela- 

. .- ely unim?oh.nt. 
r 4.2% 

Othemise, the work m 5  divided mOor cpproprhto code 

. .  

80 
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Th 1 

Th 2 

3 

Pbysicxsl  s!d Chcnical Pi-oparkies 

Toxic Effects (tesoription of acute end chmnic toxic i ty)  

Toxic ~ imi t s  (respiratory; ora l ;  skin; eya; prenis ra l )  
I 

Z'h 4 Rite i,dist&ution a d  excratioa) 

'sh 5 

Th 6 

h%ohenism of Toric  EP2ec.t 

a t h o d e  of Doteetion of ?oisoning, Trophylaxis, Treatmn%, 
and Protoo-kion 

3 2 Toxia Bffec.i;s [dc3aription ci' aouk acd chronic torioity)  
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s0m,2 Toxic PEC E F ~ B O ~  of aauts and ohmnia toxioity)  

SoMo5 Ilechanism of Toxic I3ffeo.i; 

S J L 6  &thods of Cotestion of Fbisoniog, Prophylaxis, Treatmaat, 
nnd Protection 

1x0 1.3. ISOTOPES 
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R o k P a  CodQs X o R o l  (Toleranoe Studies) 

SeokSon Codes 3130 
\ 

?. - _ _  ...+I 

_. - .  The Susuegtibility to Aoute Ipradiation as Influenoed by Revioua Chronie . <  ~ - .  
Irradia.i;ioao 5 -  ---. 

~ckgrounds In' the monthly roporQI for January 1947 (ld-lM5) the 
Radiation Ehyniofogy Saotion reported oxpsrintesbs designed ' t o  inveetigprb 
the effect of previous chronio x-irrsbdimtion on the toleranoe of rata for 
ashe  x-irradiationo 
work h thai; longer chronio erposurea cue produced before tae4i.ingwith the 
auute expoeure 

bbtfiod: Bsferslioe is' made to the monthly-reporb for January 3.947 
( I d - 1 9 4 5 ~ d a t s i l s  oonoerning tha qerimetnbl ma-i;hod, Essentially the 
design of both asperimxts is th0 s a m e  
equal numkors of eac'h sex, were irradiated with 250 kilovolt roentgen 
daily sxcep-c Sundays for a given number of treatments. Tho daily dose ' 

xuas either 10 r or 20 rU After a specified nrmber oitreatments, the 
irradhtsd mta, together w i t h  a auikble control group, were exposed to 
600 rC 
and acute expsureao 
eight crka9s  randomly seleuted from each group during tha  week preoedlng 

The experiments wpor4xd belm d i f f e r  *om the earlier 

- 

Groups of albino mts, containing: 

The half=valua layor of' the irpadia-tion was .the 'same for both ohrollio 
T o t a l  and 6ifforenticil leukocyte oounfs were done on 

a0u.t~ .IrmdlatiOno 

b a u b t s s  The group designatloas end chronio treatment tsahedule are 
Sh- in Table I o  . 

. .. 

. .  

m 1x2 b 
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(a) 

(b) 

lpwo animals died p r i m  to ooVtj irtadiaP;ion 

One &I died prior t o  acuta i m d i a t i o n  

!Cable I1 -0 shcyn the hsnatologiaat data for eaoh group, just 
prior to the. acute inadfation,  0 

8 

TABU I1 

111 NCA a & '0 PO P x 26 

T V N C b a i t b  20 r x 2S 

V RCA a & b Contro l  

V B C h a d e b  control 

III NCa b . 10 P I 150 

Ttf HCA b 20 P x 350 

B E U b  Control 

EZ0959 

80672 = 
19,897 

18,603 

10,938 

25,388 

rCCP.ILR 

- 

228438 

1Zo14% 

25 0 7.57 

- 

0 0420 

14,286 

7,761 - 
7 

. .  36,690 

&491 

7 471 L 

26,259 

__.I 

Counks done on f as t  fivo dsys of ahronia oxposureo * 

In Table I1 man mlws which d i e o r  significantly from their 
mplpaative oontrols are underlined as follsntsr 

Slgnif icmk ( oc6 > P > 001) 0 

4 

.' 
. l. - . ,. .'. 

UR 00468 



143 

75 x 10 P 13,6OS 18675 31025 31025 1x1 R 

10,938 5OoOO 62050 62050 nrrJCAa 76 x 20 r 

V RCA a 7 5 x  O r  23,388 6025 6 0 2 5  6 02s 

IIX €EA b 150 x 10 r 22,438 6025 25000 3'ioSO 

Iv HCA b 150 x 20 i- ' 2 2 , l M  S a 7 3  57010 73040 

F BCA b 850 x 0 r 25,757 ?a14 7o14 14e29 

30 Cay 
&rta%ity 

Ratio "mat ment ( prcont 1 
50 x 20 P 10 0060 

- 
50 x 10 P 35 00% 

100 x 10 r 4s 

150 3; 10 r 7s 

1050 

3"46 

75 2 1.0 P , 31025 5 e 0 0  

. .  ,150 3: 20 r 5 7 o 1 0  '7090 

75 I 20 r 6 2 3 0  1 o o c o  

Hot eignif icaat 

Eot oigllgicJ1plt 

I .  

Doubtfully s igni f iomt  

Doubtfully signifioant . 

Si@fiarixlt 
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Discussion! Eased upon the data presented in Table fv, it mpy be 
conoluded tht chronio irradiation at Zswls of 20 roentgens per day for 
75 or more treatments significantly inoreases the susaaptibility of the rat 
to acute irradiation, 
susceptibility -to acute frradiation after 75 treatnents 
t o  acute irradiation ves tested at only one dose leml, there is st i l l  the 
possibility t h a t  a shorter series of  treatmsnts and/or a lower dai ly  dose of:' 
ohronio irradiation m y  inorease susoept ib i2 i ty  t o  a diffbrent dose of aaute 
irradiation, 
oal finding i n  Table II), It would appear that ohronio irradiation b t  lets18 
of 10 and 20 roentgen6 par day ail1 produtre def in i te  ohangee i n  the blood 
pioture befolze a signafizank o w  In t h o  susaeptlbi l i tg  t o  a o u b  Irradia- 
t i o n  ooourso 

Irradiation at 10 roentgens per day m y  i n c r e a a ~  
Sinca susceptibility 

On the b a i s  of t b s e  limi*d data (inoluding th3 h e ~ t o l o g i -  
-_  

I 

Problem Code8 L R , 2  (Eechanism of Ef'feots) 

Seotion Code: 3140 

, -  Ossification of Irradiated Birds; ' .  

Back rounds 1% has been known for soma t h e  that & sexual cplr 
of the pigeon + 6 olosely related t o  ossifiaaeion in the long bones, At a py 

certain sMgo in klii cvcrian cycle,, ossification of the long bones I s  augmeaied 
I bo auch an erkszrb that ths mrrm carVity nay' be almoat obliterated., A t  a - - '  

later stage of the sexual cyole, th i s  bone is progressively resorbsd until . .  the n o m 1  condition is ,attained, -. 

In earlier exprimnts pigems which hcld been irradiated w i t h  x- 
radiation at various dose love18 were a&opeisd, me observation v a s  made 
that, despite extensirre atrophy of the O W P ~ Q S ,  the long bones were at the 
strrgo of nraxhum ossificationo 

has been belisved to 'se depndent on the normsl.functiorm of the ovary, it 
mas Celt  w o r t M i l e  to ccnduut furthor srprirm3nlso 
below i p 1  t he  f irst  i n  a series for d d c h  the tima o f  irmdiation w i l l  be 
eontrolled wi th  resposl to the phase of the m r i m  oycle, 

Since the elfect of irradiation appared t o  
be t h e  of injuring fhe omzy without affecting the  long bone process nhioh -- 

The experiment reported 

.. . .; : . 

- . ,  ,-. :.. .-. 
, -. - .. S i '  5 - 
. . >: 'yrr' - ;r: :. \*, : 

. . .  
. .. _ -  . 

.,. ~ ".;.. 
1. . 4 

., . 

. , . . j .:. : . , ......, -... :.. '?.. 

. . - . .. , - , .  

.. 4. . .  .. -.- _.  . . . 
. . .. 

Wkhcdr The omrlzn region of bra :c'exralo pigeon8 ma irradiated w l t h  
5000 unlti--radioLion t3ree hours af%r t he  first egg m6 laid, A t  t h i o  
stage of the ovarim cyole, the complemerikry long bons piature charaoteris- 
tioally shown 8 prsdcnhaoa of ostooolasts ca aorapsrred w i t h  os.teoblaet8 o 

!!!his stage saemd to be, a suitable one lor irradiation ainoe the 
long bone osaifieation isrooms pras near a ruininme 2oLh pigeons were aauri- 

tho oxtent of' the correhtion b&.men injury ta "to omrriss and failure of 
3313 aorml grovkh of tho ossPficltion process was atudiaci histologically, 

r'icoi 30 hours KP'C~~' the z'ii-st egg YZL6 Inid (27  ~ O U ~ S  p o g b = ~ ~ ~ ~ d i 8 ~ i 0 q ) ,  a d  

t 

- I ... .- . . - . . 
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Absomion Spectra of' the Blood of Irradjsted -lee 

Background: This mrk was done aa p r t  of a general program de- 
Gigried 30 throw l ight  on the msohanism of injury from x-radiationo The  
s p o i f i o  objmt of the p i l o t  experiments reported below vas to find o u t  
whethey there wre any ohaages in the blood plasma debofable by absorp- 
t i o n  spectrum masurements when a i m l o  were given relatively large doses 
o f  irradiationo I 

Three adult rabbits were irradhted with single doses of. . 
250, 50- 1000 go uni ts  o f  x-radiation respeotivaOyo The sairnals were 

skin distanoe was 40 omo, the Mltratlon was 0,s mmo Cu and L O  mm, Al, 
and tne tube was operated by 140 kovo 

'Methods 

s i t t i n g  in wooden boxes and reoeived total body radiationo !!he target t o  . *  

3nitiaP blood samples of &ut 20 ooo were taken from eaoh of the 
three anirnafs, 
c e l l s  and plasm proteins might ba regenerated, 
samples m6 taken a few hours after irradiation and a third s e t  was taken 
a few days later 88 shown In thb aacoapying tableso These 86UXIpl08 were 
all by heart punotureo The rabbits after irradiation reoeived 110 care or 
treatmnt differing from that of storage animals, 

S i x  days were then allowed before i r k d l a t i o n  in order that 
A eeoond eat  of blood 

Sach blood smple.#as divided into two prts . One p!& was a l l d  
t o  clot so that 8erumms obtained, the other-ms sub3eafed t o  BL plasm 
protein separation procedureo outlined previously in Repork Noo H~3973, 
tihereby tho mrei or leas conventional h o L i o n s  designated as albumin, 
~sauciogl,obuli.n, euglobulin, and filtra- were prepared and kcpt in solu- 
t ion,  
Ebsorption spctra in the ultraviolet,  visible, and i a a - r e d  regione of 
t h  opkioal apBctruno 

Appropriate esu>unts of  thse samples, mre  examined for their 

For the .pris%ble cnd ultraviolet a Bausch and LAmb medium quartz 
8 

s?ootrograpfi +-th seotor photomater VBS usedo 
m a  5 cm0 
to d51 end t o  0,05 their original ooncentr&tionso 
t i o n  som eamples showed oxybercoglobin due t o  hemolysis but t h i s  was not 
x L a t s d  to tha irradiationu 

The ab8orp%ion c e l l  length 
In genoral, swum gamples, about 3 ccoo were diluted w i t h  water 

A t  the higher conmntra- 

V i t h  the Pmr tonoentrakione the charaoteristio protein absorption 
o w a  wkich ha6 a brosd nrsximum at 2750 A was obtainedn 
t ions  iii 5 cco solution w r e  generally diluted to Oo2 or 0,l the oonoentra- 
*:;ion, Similar p r o b i n  cum8 were obtained f o r  eaoh including some protein 
.:bsorpim in the filtratoo 
&corVi;ion pake are l i s t e d  in t h e  tableso 
'GO tha a s s  of t b s  protein present and f o r  a given Iraotion is proportional 

The plasma fra€a- 

Tha optical dens i t ies  for the wlna of the 
The o p t i w l  density'is related 
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to the mounto but diffarsnt .p-o.teins tannot  be compred without knowing 
the speciffo abaorption a& th i s  wa have not x o r b d  o u t  os p t  for tha con- 
ditions of  the exprL;?enbl proaedure 

For the infra-rec! moasuremn~ a Beckmn 33-2 spsa-i;rozeter was usedo 
About 5 cuo .mo of the  samples were slaw%y t5ried on thin sheets of' mloa 
produaing a deposit about 3 mo in dianetero 
1 t o  9 miorons nres obtained 03 the mioa elone nnd then on *he mica  plus 
sample, 
The protein rractiocs are characterfeed by uurves havislg bandsoat 3c3 and 
702 miorom whereas t h e  serum has bands ak 3,O and 6 d  microns, tmd i s  
different in appeamnceu w i n  the  densities of the peaks are reoorded in' 
the tables f o r  the ~ r i o u s  samples and, although the quantity of sample is 
not nsasurud, the c!bge in density for a given fracti-on measures either 
the FalStlTc3 amoUnts crf protein present or  shms khgt the oomposition ha8 
c h g e d  because the  o p t i c a l  spectra aro assgciated izot prinzsrily w i t h  the 
proteins 88 such bct vith 

The absorption spatrum from . 
Bemuse of absorptiion in -the mica a small correction i s  necessary, 

m i n o  acid componen+xh 

Reaults: Tho results are Pabulattd in Table 1 and Tab2s IIz 

Discussion: It i s  a p ~ ~ r e n t  f'iom the data that fairly large changes 
oocur in tho d amities of the absorptroon bmds 50th in .the ultraviolet and 
.in the inffa-red and that these u h . p s  a m  nore pronourced in &\e protein 
, f p c t i o n s  khat  in ti.s serum which is a L x e .  1% w i l l  be noted t h a t  the 
lpoLimum domit ies  f G r  the  same f'raotion of the i n i t i a l  sam?les show 8omb 
wriation from a n h P  to animl0 
animal without frraeietion dll have to be established by careful control 
experkdmta, However, discounting. for the lack o f  cmplete controls the 
B a k  are 6trik3ng and the cagnitude of  EO^ o f  the density changes are 
s$rong evidenoa that the albratiom are signiftoant and due it0 the effect, 
of x-irradiation, 

The variations to be exppcted W+he Sam . 

H m v ~ ; " ,  .t;hesa prol in ioary  experimenta do not appear t o  establish any 
significant rebit ionship between the dzlanges measured and the time after 
irradietion or the sica of doseo 
any obvious correlat ion betxiwen the ultraviolet and the infra-red daho 

lkwtheraore, there does not appar to be 
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Roblem Coder L R , S  (Trcmpyj 

Seotion Coder 3430 

1, The subjeo’c of traasplnnhtlon of mamdian tissue to r.srmnali5Lgl 
h o s b  has been oritiwlly r c v i m d  cnd the various 'theories propounded6 

Single dose, 3obxl boiy radiation or’ 550 r delivorod to dogs 

\ 

2,, 
m y  bo repwded as a dose l e t b l  ts SO p r  cent of %IC cilirJls FsiQhin 8 to 
23 days following redict ion,  
nxdht lon  in a l l  probabf?,ity m311 recovero 

miiils survit-lag ’GO the 25th b y  after 

3, Bxiatolog+Ical clwigcs of mogt of the pripheral blood elements 
and histopatholo@aZ c h ~ . . g e s  OF tho bonc mrrw cia be dstec-bsd madily 
within 2 days or less riid reach a m x f m u m  dopression trlthizr 7 30 14 days 
of radiation, Daprsssiolz of - k h ~  lpphocY;;;s appears m r l y  an6 Ps irnrked 
while depression of the orythroayicos i o  lata end iaild, 

peripheral blood by the 2Sst day or slightly earliar and i‘rm exsrcinatfon 
of th6 bone mrrow by the 28’ch day or poeslbly 8ooIzero 

a 

, 

4. Rscomry frc;? m6ia t ion  my be dsbcted f r o m  examimtion of fhe 
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:2,, Xorcal inarrow t ransplantat ion to n o m 1  or rad3.ated.apleen is 
wi.-kt;houC appreciablo bemf i l ,  
aan be denonotrated, 

Rsaidml detposib of the xu-rov fat only 

14, Swgiclal prooeduk-os indum an additional Yoad upon the radiated 
host;, 
t i o n  or' callus and Subeect_U313~ bono gromth, 

HolBDvBr, tS~see t% procedures do not  appear f;o inhibit th3 forma- 

15, An explanation for- the inabfli.i;y to transplant bone marrow suo- 
cessrkl'lly was studied filrkhei-, 
plain& on the basis of h c k  of demnd on the park or" the racipient for 
bone rearlom, homogenioity, or selsckion of' tramplani; s ib ,  
b t i o n  of bone mcrrm- b such rogiom as %ha antarior chmber of the eyeo 
%he subcutaneous ragion of the o a r ,  intra-msdular i%gions, iutmparitoneal 
s i t e s ,  m d  within tho mdulla of long bones was uniformly -czidsuccossfulo 

imra aoceptz'ole for . i ;mplnniai ; ion by pssing Toe tissue throug!! t issue 
c u l h r o  m d i e  or subjecting e5s doccr and/or hosk t o  mdiation is  not 
su2pori;ed By t b s e  skudies, 

Such failure oould not be adeqvalely ex- 

The tmnsplan- . 

16. 'The belie2 ';kat %issue semsitivity *a bo reduced gad rendbred 

17, Autologow o r  homologous mrrw -bi.ansp?&.ntod to extra-zllsdullary 
s l t a s  i r p i d l y  results in heluero+opic bone Po.xmtion, 

18, S N s S d i q  e q e r i m s n l s  suggest e sparing action on %he part of 
the Frokectgd mrrm f o r  -i;hco host and cyi;o%ogicd. at.&es ',end f i r t he r  
evidence in  support of t h e  belief t h a t  the olfec.tr of radiation on hematoo 
po ia t i c  *iAsauoa is A dlrec's one,> F'~rth3m3i-e~ such akprimnts h d i o a t a  that 
t o k i  dsscrucizioz or' the boce .marrow prenchym i*equires more 'chan a single 
~ O S E L ~ Q  of 2000 ro 

IS, i h x m p l t d a t i o n  ox' selectad autologous, homolo(~ous and hetero- 
logous ha~lopoi&fc c&i-yoml t iccuos to rsdintion hosts  showed no evi-  
2asco OL' al terat ion af th  radiation is toxicatfoo in these hosts nor  con- 
clusive evidence of ouccosafif transplantation of t h s e  tissues is the shod  

. p a r i d  of tim s txdiedo 0 
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20, 'R.anspPantation of. saleoted aueologoua 5, homologous and hetero- 
.logous t i seuss  to non-radiated hosts and e d n e d  at hasi; SO days af9er 
transplantation f rsquenCiy showed proliferating oar-i;ilaga 
genesis and ocaasiom99y FA suggestion of SPY mi'rov fo rmt ion ,  

some osteo- 

lkrrow Culture: 

A firat draft of e final report on oultivatioa of m3prm by tissue 
culture technique has b e n  subxdtted, 
now xuady f o r  retyping and suboeqwnk distributiono 
report follows t 

This rapork k s  been revisea and is 
ii ~usamary of %hi3 

1. Cultbraeion or' n o r m 1  adult bone w r o v  resulted in  an h d i -  
ate and abuxdmk migration or proliferation of c e l l s  from th3 explant, 
the most pr4; thass cal ls  mere of tha myeloid aariss and h th lat ter 
stages of rraturaliozl, This migration persisted up to about 4 days after 
explantation when fibroblast growl& b e p  and overran the  cultum within 
10 to 14 days, 

For 

2, The oulei-mtion os' 'oom marrow by roller Lube and flask'tech-' 
niques shrrms no siei fFcal lC differences h the rate, t h o  rmgnituie, or 
duration of grcnrth, S l i d e  cultwes invariably s h m d  less ovidonce of  
gr&h but were more suitabla for detailed cYJtologica1 exanina.f;ion, 

adult and/or embryonic -6em0 splbryonh juices end .salt solutions indicates 
that Iongoterm oulltivotion of hamntopoietia tissues cannot 68. sustained by 
the nadia a d  pro-portions so -basked, 

3, A atudy of standard media E U C ~  8s chicken plasma, hetarologous 

4, The absence or variations i n  conmntration of dsxtrose k s  no 
apFreCi&ble inhibiting o r  stimulating effe0.t on mrrm cells a 

5 ,  Zigh concentrslions of 02 ana high ooncentxillors of CO2 
i n i t i a l l y  promots growth, Suk the end r e s u l t  is about the s m ,  

6, ?ha freezing of r s d b  does not  appear t o  ef faot  .the grvlnth of 
cells in  tissue cultrti-o, I 

'io Eano ~ i - o v t ,  ax?lnnt3d from animls whoso Errm had been s$imu- 
lated by acatc bleeafnz 07 suboutamous iajsotion of hx=p3ntin3, s h w ~ a  a 
ziarked increase in collulariw, 

8,  T i  cultivation o f  mzrm from i-adiatad a n h P s  indicates t h t  
the production of mrrm p.rczchynatou6 olemnts decrease8 with tims, after 
radiat ion u-r, -to and including the 213t day of' raai&tioilo 
the 28th da;r af'tsr FcdizLtion Q 2roductj.cn of prsnchjmtous cells i a  a e i n  
notori 

Segiuring Kith 
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10, Ti cul t i -" i t ion of cnbq-~onic spleen and bone mrdp d i d  not 
differ conspicuously fron 'the cultlvniiion of adult nplsen and bone marrowo 

liadistion IntoxicAtiong 

In dogs given 350 c of singlo dose Grh1 body x-irradiation, 64 per 
;en% (IS of 253 of tha  u t r e a t s d  mimaIs Giod n i th  (x nide-spread hemorrhagio 
Siathosis, Zhon the flavonol glycoside r u t h , ,  7138 adxinistorcd continu- 
ousay pre- and post-radiation, 10 per cent ( 3  02 25)  of the s s h l s  died., . 

A reduoed incidence of hemorrhagio s i p s  17a8 observed in these mimalo.  - 

-problem Coda 8 H , L 3  (TharaW) 

Sscticn Code t ' 3568 (Eleokivo Research) 

Reports hve  Bsea completed on *he c l in i cc l  e l foc t s 'o f  folic acid 
on rsldiafAon h l h p Q i ? i &  in human ptisnts  receivinz PadIaLFon therapy an& 
on the ef fects  of f o l i c  acid given bokh prophylactically armd therapeutically 
to cats receiving 200 r whole body radiation, A final report  entitled, 
"Foli;: Acid Thwapy, 
final report (Report Roo U-19 
s h o r t l y  i n  the mdical litara.i;upe, 
that no discernible beneficial  effec%.on r ad ia t ion  leukopenia in hman 
patients msultod f r c n - f o l i c  m i d  thorapy. 

givsn in large doses either oral ly  or Eubcutaeously t o  cako raceiving 200 r 
Thole body mdiat5,0na 
phylactically prior Lo r ad iu t ion  or thsrapeu-bically following St. 
data are not  f u l l y  analyzsd, 
be =de ui th in  a ?&I rmnthoJ 

Results of e Clinical Study" has been submitted 8 8  a 

It hos bssn poineed oui; in this report 
dsplnssified, and vi11 'os pubxished 

l'he ani11131 exparimentation shcwed no benol'icial cffeck of f o l i c  acid 

This vas true whether f o l i c  acid \vas given pro- 
The 

A fins1 report on this phase of the work will 
. '  

rrobPem Code g ~ ~ 2 ~ 4  (&mco8ogg) 

Section Coda 8 356% (ElecLive Coseuroh) 
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vork vas  conagrmd, 
of lymph volume and numbers of lymphoaytss over a pericd of severnl hours 
have been complete2 on the following groupc of exprimentar anhals (cats) :  

Successful thomoic duct omnulatioas and rcaasur&ent 

Five normal a n h l s  receiving zdreml cortical 
hornon9 a f t e r  tvro-hour h s e l i n o  dateminatiom 
were obtained, 

3ive adrenalectomized animals tsceiving adrenal 
cortioal hornone after two-hour b s e l i n e  doter- 
minations wero obtained, 

P i n  n o m 1  sad one cdrerrs',octon-l.cea a n h :  
r e o e i v i q  aaronal c o r l i o s l  hormone &or 'case- 
2ine determixntions of more -khan t ~ o  hcuro vera 
obtaineci cb 

The data are not yet anslyzod and EO conolusions can bz drm e8 of 
September 30, 1997, 
of the shady vi11 be ready bcfore or  shortly afi;er January 3,  3948+ 

It is con%empla.ted'that a final r e p o d  on this p h r e  

Bo A study cil ths effects of 200 P whole body radiation on the 
pori?heral blood and bone marroE7 of the sternm, ribs, and Pamur ha8 been 
com?lsted. 
should ba zvailable shoFSy d.i;er January 1, 1948, 

The d a h  are be*, analyzed and a f inal  r e p o r t  on th i s  study ' 

e o b l e m  code : =;.R,5 (Ck~netics) 

Section Coda: 3411 (Discontincod) 

The Effect of X-rays on the a t a t i o n  bts in DToaophile melaliogastorr 

The Z'lnding of Csepari and Stern (Roohester Report Noo ta-1966) tkt 
t he  sex-llnbd muktiion ,rete in the sperm of Drosophila xmlsnogester m8 
30% aignifiaantly al-hred by continuous x-irzadiation of Z 0 5  r par day fer 
21 b y s  initiated f'-ur.chey work .to atfen$ t o  discover why t h i s  result wa8 
zt variance xith the re l l - e skb l i shsd  rulo f o r  oouta doses? namely, that 
nutation reta is  linaar w i t h  x-ray dosage, 
Report No, bi-200O0 s o t  yet issued) irradiated fomales with SO r from radium 
on t??s 21st day r'o1lo::ing insa~niration, 
the experimental f l i es  snd 44,603, offspring from'the con.icrol f l f e o  aere 
t a s i e d  f o r  lethal muta-ticnso 
wera 002834 S d  0,2682 p r  cant, reepecticely, 
tically significant,  

Uphof'f and Stern (Rochester 

A totcll of 46,232 offspring from 

Tho ezprlmental and control nutation rates 

It agrees with the 1in-r rule and, tbraforeO diu- 
This difference is  statis- 
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of rrterus con*taining tho embryos that were i r r a d i a t e d ,  

Three levels  02 doaage Gere used -= 50, 100, and 200 r o s n t q n  u n i t s  - 
i n  difi's;.en+. litters; but at each l eve l  the i n t e n s i t y  of I m a i a t i o n  ras 
t he  same anc. only t h e  time of cxposure nas v i e d ,  

Irradiat.zd embryos ani a suitable n M e r  oi? controls w r o  -&ken from 
72, and 9s hours post-irradiation and aeigheCi, abasured, each iittsr st 

an? Zkod.  
ana E b b e d  for histologic  studyo 

T h y  wore then dehydrated in the usual m y ,  s e r h l l y  saatianed 

Obsorwtions: To data 18 of the i t r a d i a b d  s3jryos hnve been 6ec- 
t ionad and fO or' thsse ham bcen studied. 
co -permit GRY conplete anslysis of t h s  effects of i r r a d i a t i o n  on tho 10th 
day of gss+zition but  som iilCeresLing obsemtioils were =de. 
~hus  Tar ctudied include only "hose recsiving dosas 02 50 and 100 ro Tho 
dose c:' 50 
xere visible on the saoond o r  t h i r d  p a l - i r r e d b t i o n  dayo Before judging 
5his aosa completely Inelfac-Lin, however, nore animls m - u t  be exposed 
2nd :om oi' them alicrJed t o  l i v e  bsyond the t h i r d  poot-irradiatior. da.~. 

This ilumbur i s  not suf'ficient 

Ths embryos 

vas  inal'fDative i n  producing mrpho log ica l  a l b r a t i o n s  that 

b s e s  of 100 r caused nlkera t ions  i n  t h e  de0elopenen.t of the oys that 
wera racogniced as serly as the seoond poat-irradiation day and which by 
the .kii;?Ird dzy resultad is pronounced miatoph+bImia. and often suoh bizarre 
r i t 4 l f O r ~ f a k i O 3 6  as displaaeaent of the  lens outsida the opt ic uup0 
days efbr  oxposure t h i o  dose caused r e a o p i z a b l e  but less oonspiauous 
abnom-lftiss i n  oi;fier organs, suoh as the ~ o k t l c  aroh arteries, the lung 
buds, uld t h e  urogenikl  syotam, 
attributsbl3 t o  re ta rda t ion  of develop€)ntxL1 prooe86es0 pertlculnrfy growth, 
? h = s e ~ e m b ~ j ~ s  aa a whole *.?ere shorter of arolYn-rump Poagkh a n d  weighed 
loss t h n  t h e i r  litt~r-mat9 controls, it ?act suggesting c31 overa l l  toturda-  
t i o n  of d s v a l o p n t  5y x- i r rad ia t iono  

Three 

Some of these latker sffeots s y  be, 

:?o csnspicuous d?rnges e i t h a r  i n  blood-forming organs or i n  the oelf 
conceEt of ciraulating blood €-as been o b o e m d  ii the i r k d i a t e d  crdbryos, 
Yo def in ib ly  e s t a b l i s h  t h i s  p b k ,  hwaver, a more de t a i l ed  study than 
has y e t  been possible must bo undertsken, 

The mjor accoaplichrsent thus fa- is t'net of laving es tab l i shed  a 
procedure tht filfflls the iloeds of this typo of inves t iga t ion  and srhich, 
at .tho z w  t h e ,  is s u f f i c i e n t l y  oimpls thak 'it m y  be repaated izdefinitely 
* d t h  Ifttls likelihood.of' .Jarlationso 
rexrsved -:?a s m a  nmbor of hours after i r r a d i a t i o n  k v e  shown surpr i s ing ly  
Ait-Llo verfccYion, whetnsr f ro3  the  &am or d i f f e r e n t  l itters.  

!Bhryos recsivine, thb 8- dosego end 
- .  

F u t a x ~  axptinenko will involve the-us of higher doses end  further 
sxtsrizicn ai' %\a interval hC,.sen s x p o s u s  and t h e  tci-xLnation of pregnnnoyo 
;'hoc t ho  ci'fscts of LOth-dtiy i r r a a i a t l o n  are more ful ly  understood, ax- 
y s u r c  on ciher 5 a y ~  or Frepncyt7111  ba t r i edo  
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Bo The effect of esposure t o  x - ~ y  of cnim9e ia r i n o ~  astibody 
production >ad alro&dy zomaoced i s  being studies in 8n 9zpEriz:ent st i l l  
in i)rogresso 
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BIOLOGICAL EFFE'CTS 07 k 4 D I O A C T m  !PATERIALS (CONTACT : IYGZSTIO?T, ETC. ) 

Ppoblem Codsr R,LIol ( i % l o n i u )  

Sootion Cpdo: 3130 

The Developmant of Fhiioautogrrsphic T o o M c p a  ca tl 2009 kor tho Study of 

the Cellular Distribution of hBoniun;t -- 
Backgomd 8 ?he P;3chique f o r  production of adicautozraphs from 

tissue seotions conhini,:g elpiie-emilbrs such as p s l o n i m  h53 been PB- 
cent ly  ixprovea by mouneing th3 t l3sue s s a t i o n  direc t ly  on the  photographicr 
emulsion, Thie mthod ;-as the disauvanhge tht sucxquont  staining of the 
t i ssue  colors the emulsion end reduces the contrast  i ' O r  the  al$n partiale  
tmcks .  A new nethod h m  been dave lopd  to ovarcome this difficultyo 

EMihod: The procsse consists  o f  raun.ting 2 sgction of polonium 
containing . t l s s ~ e  d i rec t ly  upon o. photogmph?c a u l s i o n  and exposing for  
a suitable length of tias nt ebouk 10°C. 

Af'tar exposure t k o  p l a t o  sith th.e t i z s u s  is ploce on the emulsion 
is run through xylena to renovo t h e  paraffin Zollo-axI by an alcoholaater 
series to  ramove the q l s n e  'and alcoh03~ 
minutes in D-19, pissea tbxough a stop bnth and f i x r d .  
washing, i2 is r u ~  back through %;le e lcohol -xsbr  s e ~ i e s  to xylene instead 
of dry- in eiro Air dryiag cen ba x e d ,  but t h e  f o m r  mthod is faster 
ana t h o  tissue can -i;fien be covared In balsam ixzmdiateZyo 

It is then devslopod fo r  t w o  
iif'ter fixing and 

When the sli? is secure, tSe slide i s  raady for  exemination w i t h  
the F h s s  mioro3c0)3~ c)m CSL foous Just cbove and just balm the t h 6 W  
emulsion ixi tsrf~oa znd 2hm Porxts the alpha tracks relative to tha c e l l a  
of ths tiSSuoo The p h c e  r ac romop  onables one ta Gee "the tissue without 
stairiing, wnich e l h i d z o s  the objoscion of s-inicg the ge la t in  of the 
emulsion end thus 05sou-ing the  t.-acls, 3hile it i s  possible to use p h 8 e  
Illurnhation t o  006 t h o  tracks just belcm the tissue, they aan be seen Well 
bettor w i t h  bright f i a l d  i l luninzt ion,  T?ru80 for L x p i d  sumay at betwaea 
500 X and 1000 X me;niflcatlon, one oan use phage for both ths tissue a d  
tmckso For c. more careful oxamhation, it 1s advisable to use phase for 
the t i s sue  s d  brigh2 3 o P d  iS1umhLic.n f o r  the tr ,ckso 
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adjaosnt to the  calls, A pssaboloid dark field condenser was uwitahed into 
p l a c e  and the alpha track picture was taken, 
reversible print and then superLzpsed on the sepia toned t issue .photo- 
miarograph w i t h  the cross hairs being brought into register, 
were =de on a lantern s l i d e ,  and tAo photograph was printed from the 
lantern s l i d e .  Thus, *..e sspie  egpcars a l ight  grey, 
tha black tracks and t h e  sepia toned tissue is  much nore inprea'sive when 
viewed !r. ooloro 

This was reprcduoed IS a 

both prints 

The contrast between 

Results? See photograph below, 
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Probles Code8 RoXol (Poloniun) 

Seutitm Cocla; 3120 

The Wfeat of B ~ L  and HDR 399 on Exoretion of Polonium 
2- 

Background; 3revious oxperhait8 (Roches+r Eeport Bo0 l4-1935) 

These experinrents o l ic i ted  the curious finding that dependlag 

This raises the praatical question: ' " F t o m  the available 

haw dmnetratod that BPI, and related compounds, when administered a8 a n  
intramuSoul8r in3ection t o  rats, cause a significarrtly inoreased Bxoretiam 
of polonium, 
on whether *&e polonbm wa8 administered a8 an ~traVepous  or S u b o ~ o t p r  
injsotion, the compound of uhoiee uas BAL (BDR 133) or t he  urea drivatim 
of BAL (XDR 399), 
data on rats. which of 
treating a polonium acoicient case where t b  mode of htroduotion is UII- 
l ike ly  t o  be exclusively intravenous or aubuutanaous?" 
cult t o  simulate the oonditione of a l l  the poseible aooidental ingstiom 
of polonium in rat experiments, the question was approaohod f r o m  another. 
angle, Experiments were oat  up in which poltonium m8 administered t o  Go 
rrts a s  os fstramnous and a subcutaneous injeotion r e s p e o t i w ~ y o  %oh 
Fat reoeiwd alternate doses of  BAL ssd.Ym 399, It  -6 thought tht ii 
the preoence of the o t h r  1DR oompound did  not impair the aotio=l o$ the o a +  
pound of ohoioe, suoh an alternate plan of medication might xuoommnd ff- 
self for treatment of aooident 088880 

Car0 lVDR oompounds should be adminisbred in 

Since i t ' i s  dlff'i- 

I k o  such experiments were perforaddo 
5 .  

bthods Four male rats were used in these experiments, Tuo =re 
injeotexutaneously and tmo intmvenously at a polonim dose level  . .  of  
15 uo/kgo 
taining 100 CO. of O S  B HCL aoid from which a l l q U O t 8  were taken for plat -  

Dumnny poloniun injections new delivered into bottle8 cion- 

ing in order t o  detennics the "theoretid" dose., * *, 

-6 . 

. .  
. .  

. Y . ,  

. .- - 

For the purposes of treatmeat with EDR ocunpounds, 10 per oent BAL 
in panut o i l  and 205 per cent PJDB 399 in saline solution were injaoted 
intramuscularly as ~ltcmmle dosea inia saoh of th four animalso A 

.64 ml./kgo The sahdule  oalled for a total of  three doses per day and 
treatmsnt m a  begun ciireotly afC;ar the polonium injection and oontinued 
up to  tho date of saurifioe, 
bolism cages oonstruutsd so ,as t o  permit separate oolleatioa of f e m e  and 
urineo Each colleotion period =s 24 hours except for Sundays and holi-  
days in which cases 48..hour samples were oolleated, 

At tho  end of 20 (or 21) days t he  rata were saarificsd and seleoted 

' 

----.- 
single doss of BAL was .l6 ml./kgo end a single dose of RDR 399 mu! - 

The rats wmw kept in indivi4wtl @as8 n m h -  ' 

t iasues ,  inoluding the injection site, were disseoted out for aaa'lysiso 
The reminder of %ha nst uarcass t s ~ s  digested and an analyaie madeo 

and masuring t he  rctivity in an ianization chambero* 

. 
The analyses were pen'omsd by plating out polonium on a silver foil 



Pssuits: Tables 1 anC I1 (Wgee 34 and 35) procont t h e  %on-day 
ercraccion Gata for t h e  four ?aLs studieti., tma, i ~ !  addi t ion ,  a a b  frcm 
Frevims oxpr imnte""  f o r  the sake of comprisono 

93 &.ta for th6 mLmk iiljeoted subcwknooudy is expreosaa i n  
g r  c e n t  cibsorbed doscj viiioh i s  arrived cht by cubtraoLing from the t o t a l  
ncra -ih6 ESX a c t i d q  found ai; t he  i n j e o t i o s  site at the t ime o f  sacrifioe,  

- 
"ka n t s  mre caorif'iced at tho and 02 20 days and amlyses %are 

mde of 2zlonium content of blood cel1s,  blood plasm, l iwr0 kidney, 
spT8ens born, bone mrrm, lung, musole, skin,, .t;estis, intestines, cnd 
residua czrc9sso 
t r i b u t i c n s  similar to those detailed in t h e  progreso r e p o r t  of Cscembr 

The results froffi these cnalyses shm,  in general, d i s -  

:S'X f ~ O C h 3 6 t O r  Report NO, U-1935). 

It is in te res t ing  Lo u o t e  k ! t  the large skorage or" p o l o n i u  i n  the 
X'rz ef%r intravenous WPonium and MIB 399 kreatmeni;, has no counterprt 
t ~ l  k% prsse~t experbnks in ahioh both ZIL end ,WDR 399 'Rare administered, 

2, Zn regard t o  intravenously sdainJatered polonim, the 
-cr~at;=sr?t -.?it!\ 3hL and IDR 393 gives results can Lha average slightly less 
9 B f i  -a-'-czs~y " 4 "I t han  resuicc uhez EbL d o n o  is employad. 

3-  t n  the o s 8  or' Euboutcneously 2.Cministered polonium, one 
exprFmanc csing &U,-kTTEJ 399 gives exoretion results comprablo t o  1x38 
or' 2793 E93 alone; ths ot;?sr ezpsriasnt gives retmlts compsrable to results 
oozuzsc i  i n  other  &wrimnts using L ~ L  alone. 
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or is not, 33 0ffacti-i .o as the u3e of the c o m ~ p o t ~ ~ a  of choice alono,  At 
best t h a  prosene oxprimuta  aight bo intorpreteci  8 8  showing .chat the al- 
t e r n a k a  t r a rmen t  gives i ~ s ~ i t 3  n o t  too iaferior to use of tha compound 
of choioe sad t>it '13 so= casm of .xked routos of ingross of' solonirm! 
i n t o  the bo*/, Zhis oltexxizco trwt3nen-t n i g h t  present aamntngas, 

30 It will b3 notod .that in 60x3 0'1 the  esprimn'ca c l t s d  for cornprison, 
the  mDR tmatrcant Iaskd 3 ,  and fr ,   BO^ case8 only 2 days, 
exprimnts to data, T ~ ' : I J Y  bs s a i d  thst ccnt inmtion of the Lreatmnt 
beyond 2 days, result3 ii-1 l i t t l e 9  if any, improved excretiono 

3n ^we 'basis of 
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Seotion Code: 3110 

R 0 H , 4  (bll8OelraneOU8 h o j e a t  % t E l ~ ) q  

basurmxnmt of Radon i n  Breath Samplesr 

radium in t h  e body of living humin subjeuts I s  by msursment  .of t he  radon 
concentration in the expired breath, 
sec t ion  was t o  devise a r e l i ab le  mthod for measurement of eoncentration 
of radon in t he  breath at .  levels of  onePtenth t o  one-third t h e  acoepisd 
tolerance level of 2 uuourie of' radon per biter of airo 

. 
Background~ The method i n  present we for t he  determination o f  

The problem as presented to this 
* 

kthodr Flgura 1 (Wge 38) s h m  the apparatus t h a t  is used t o  
adsorb =don on the  charcoal oartridge., 
the  glass bo t t l e  muses r a g u l a r l n f l a t i o n  and deflction of P balloonc 
The belloas-Pih aotion of the balloon draGs th8.spiromster mixture of 
expired air and radon through the oharcoal cartridge a t  a rate equivalent 
to the n o m 1  breathing rate.  It differs fron t he  roar oase of a sub3eat 
breathing into the oharcaal oartridga only In  that the gas is pjrsaed 
through the ohsrc&l on the  insp i ra t ion  rather than the expiration of the 
operatoro 
soidal i n  chal'sotQr, t h i s  differenoe is felt to be unimportanto 

dn operctor breathing into 
. 

S h o e  the breathing pressure cyole in rmn I s  more or lees sinu- 

The charooal used in the experiment8 t o  be mported is henty mesh 

Ths diameter 

. 
aot ivaied charcoal contained in a dlac  with oopper retaining sateen8 a t  ths 
circulsrlentranca a n d  e x i t  ports, and a side wall of brasso 
equals 3g inches and the thicbess equals S/p6 incheso 

In preparation for each expari3lent the operator fills the spiromstar 
by expirat ion into it un t i l  approximately 35 l i t e r e  of expired air h v a  
been collected. 
35 uuc) to the spirometer, 

passed through,the charcoal 51 the  manner described aboveu 

He then adds a mssured quantity of =don (ranging around 
The gas mixture is s t i r r e d  up w i t h  a ~ m i i  fkn , 

8 808bd in to  the spirometer bello The radon-expired air mixture is then 

. In order t o  recover the radon *om the charooal, the aharcoal is 
transferred t o  a pyrex tube and heated in an i gn i t i on  furnaoe at 350° Csn- 
t lg rade  for t h i r t y  minutes. lxlring L,?e heating process nitrogen is slowly 
streamed through the  aharcoal and colleoted in E 1 liter sampling bulb, At 
the conclusion of  the oofloctfon ~oriod: e.8 6mpl ing  bulb i t 3  analyzed for 
radon i n  an ionization chamber or  an<colmter, 
here, the routine ionizat ion chamber t e o N q u e  wae used exclusively s h o e  
the t o t a l  aotivity 111s s u f f i c i e n t l y  high and sinoe this proaedure is mow 
rapid ,  
oentmtions nhioh necsseittrte aaaeuremnt by t h o  cdpha counter techniqueso 

In the r e s u l t s  reported 

A further eerie6 of sxperimenis are underway using lower radon 000- 

\ 

Resul t sg  Table I (Bga 37) shows the moovaries measured In  19 -80 
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2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

248 

192 

191 

219 

200 

234 

238 

240 

25 8 

256 

245 

258 

257 

26 0 

238 

234 

225 

221 

217 

204 

23 7 - 
Average Of 22 239 

runs 

Canoenttsrtian 
of Radon 

1014 uuo/s 

1016 

1024 

l o 1 4  

1014 

1004 

1001 

0097 

0 099 

OcS5 

0096 

0096 

0096 

1002 

le03 

IOOS 

loo5 

8 
1 *oo 
,1001 

1001 

1 e04  - 
1004 uuo/l 

94 07 

80 e 4  

10204 

, 11105 

9500 7 .  - ' - .  . 

9803 

9203 

98 07 

105 00 

7809 

. 
- . _.. 

. -  

106 04 

11206 

' 10106 
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A s m y  at t h e  b.-ain ~ 2 s r ; t  cf the Brush Earylllum Corpomkion -8 
con??cted and preson'ad ti<: t h 3  S k t h  Saranac Sym~osim,~ Septamoer 29Bh t o '  
Gctcbsr  2, 1947, 
medical history a d  a sumztry of the  typas end ci-sractaristics of r c W  
poiEoning -h beryili:.n w ~ r k e r s  mre added to the physical End chemical 
C s k ,  such es a h o s p k o r k  beryllius and flLorida ccnceotrations ana parti- 
c lo-s ize  nraasuranent~~ 

??at _c:-ocesses mrs krisfly d e s c r t k d ,  analysis or' t.b 
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Problem Code:  

Section Cocisg 3230, 2250 

U,2  (Toxic Effocks ) 

tTranimn 3ff'ect on Reui-odnctimo - 
A group of experix2snbl x t s ,  caged h p l r z ,  2318 and ?emiao were 

given f o r  one dEy onkj c j i e t  conain ing  2 par cec t  uranium nitrata, 
Thereafter, they r e re  fad the u s u d  s-bock ration, 
group has been obsermd simu14znoou81y5 
mnta1 group k s  pi-oduoed ?mer 1iStors and f e x w  p p s  per littxr i n  the 
seven months following ths i n i t i a l  administr&ticno 

A oompraole con t ro l  
Surprisingly enough, %e axgeri- 

Eistological Stcdias s 

A charactariatic ciffersnoe has been found in *he asgrss of  injury 

large psrticlas are much 
in the  t i ssues  (especia1:y t he  kidmys)  of  several spsoies of animals 
exposed to UOe, depanding on the prt i c l e  s icer  
less toxic khan small pi. t ic lesc ,  

Problem Code; U03 ( T o x i o  L i d t s )  

Section C d e :  3210, 3220, Z B S C ,  3250 

Two studies deaigmd to shora the  bportancs of prt i c l e  size and 
surface area i n  th= t o x i c i t y  of crsnilrm d;rsta i~ere conductea a t  an atmos- 
p h r i c  concamnt lon  G? 80 rrg,h3 z z d  zvwage p r t i c l e  s izes  of 0,45pand 
greater t h a ~  lp, r e s ~ c t i v o l y ,  
posures of anim-916 EX tnese nartarrly aepratea particla-size rages 
'Jrpriitsn injulyr?as observed in nits exposed to dust  particles less than 
1 . i n  dlamotsr k u b  mre rat s m n  Ln rats ezposea to p r t i c l e s  Greater than 
I/ 0 

injury was fouad is t h o m  expozed -b $he smaller y r t i o l e s ,  
surface cress, 0,47 azld 1&(.3 c;2,/z3 ~oopectivoly,  show a forge difforenos, 
? s P & ~  surTt=c:, w e e  i; mor3 c . ~ c ~ s i m  t t .  p r t i c l e  JLCO ns E factor in 
toxic retsponeeo 

* 

' b f i n i t i v e  result8 were obtnimd :=om ex- 

Toxicity dSL'fars&cos ~;B; 'c  aoe so clear-wt in th rabbits, but greater 
Since the 
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'?ha. bo-year ohronic exposure to uranium dust ha8 been completed, 
Gags alia rats previously trmtod daily for one year to various aoluble and 
~ O S O ~ U ~ ~ O  dusts wera subsequently axposed to an atmosphere oonfaining 2 nigo 
of m n i W . a 3  a8 uranium nitrate for  an additional yearo Preliminary d a h  
ind icz te  i10 grossly observable injury during the seoond year of expo81ve0 
There wero 110 deaths iil oither speoies t h a t  could ba ottributod t o  urania 
exposirog the body might, biochsmia l  and homatologioal examination6 wwre 
within L ! a  iWt3 o f  normal mlue0  

. 

, 

Shin Stcdies: * 
lhnnius dioxide porsder was introduoed into incisions in the akin of . 

rabbi-%  RE^ the wound healing Ob8OPVedo Them was no ,interference with 
the healing, and, -idthin oxporinenbl l imits ,  all o f  the uranium placed 
:vithin $ha s k i n  was recovsred from that site weeks later,  

h t o m i c a l  !liagnosis 2 

During the quarter a number of reports have been prepared, in rhiah 
the histologioal obaervationa o f  various chronic uranium o t u d i e s  have been 
presented, These inolude examination of tissues of rats f e d  U02F2 for two 

vrera esnt  OXL covering tha appearance of the t issues in three of the year- 
long vxin im dust ssudieac 

years3 W2 and uranium nitrate for the sans period, In addition, reportq - .  

Probloa Codom u13 (Toxic Limi6Uc) 

SeoiAcn Code 13 3537 (Elactive Beeearoh) 

2ek-5onship of Age to t h o  TGxioity o f  U r c d \ m  N i t r a t e r  . 
0 -?svious aork ha6 indicatod that 22-day-oPd rats are more sueoeptible 

Shan 2E&y-oId rets t o  uranirrm poisoning f o l l m h g  fnges-bion or intrapri-  
tonsal k j e c t i o n  or suitable dosas,, T h i s  resistance is prceaptly lost;  
m t a  2 to 6 months old w e  meh more susceptible than ths 28-day-old ratse 
E t c  25 to 26 days old are nearly e8 resistant 88 the 28-day-oTd ratso 

UR 00497 



Seation Code: 3201, 3220,. 3210 

Ahhanism of Bone Depositiont 

Using various chemioal tuohniquss, tho nature  of the m6c)lanism by 
whioh uranium is bound t o  the aurfaoe of bone mineral has bean olarif'ied: 
Caloium and uranium oompete for su i tab le  combining a i t e e  (adjaoent phos- 
phate groups) on the bone orystal aurfaoeo 

Problem Code8 U04 (Fate) 

Seotion Code 8 3530 (Eleotive Researah) 

Mechanism. of Bone Deposition i 

established that about 1 5  p" of' the coloium I n  powdered bone i s  tapable of 
entering into a fairly rapid exabange react ion with calcium in solutiono 

mdioca lc ikn  adsor ion on bone has been studied and it has been 

Problem Codes Uo5 (Wchnnis?~ of Toric Effeo t )  

'Seation Code: 3W0, 3260 

&ohanism of Aotion of Uranium on I s o k t e d  Cells ( Y e a s t l i  
\ 

Additional evidence for &̂e aation of uranfum on the ael l  aurf'aoe is 
available from s tudies  of the o a o t i c  behavior of uraniuiAo As the urrnium 
conaentration i a  inoreaepd, the uranium upkbe by the oe l l8  fo l lws  a 
series of asymptotio oumes reprsaenting t f r s  d lsaooiat ion oonstclnta of 
various complexes of  uranium with groups on the as11 s u r S o e o  
t i o n  of glucose metabolism is associated w i t h  the f i r a t  asymptote, ahioh 
represents the 3 m s t  dlsaooiat ion constant of the cel l  - uranium oomplexes 
(about 
complaxing group, If the uptake of uraniua by tha cello were primarily a 
diffusion into the aa l l s ,  then the re lat ionship between uranium conwntra- 
t l o a  and uranim uptake should be a s t r a i g h t  line r a the r  than a o u m ,  or 

The inhibi- 

lhis raaotion follears the form U + C G U C ,  vhers C i s  fhb 

, series of c m s o  

A t  high urazlium concestration, although most of the umIllUa is oom- 
plexed on tho surface, some does penetrate i n t o  ths o e l l a ,  but this is  
apparently completely complexod by the adeqmte supplies oE bicarbonate nnd 
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phosphates in the c e l l  f o r ' i  no toxi0 sffeot. The inhibi- e 

t ion  of umnium can be oompletely reversed by washing C,ho surfaoe of tha 
c e l l  with compting complexers, a w n  though tha uraniua inside the cel la  
remains themo 

Kinetic studies indicata that uranium i n h i b i t s  .tho very first e t sp  
in gluooae metabolism, tha reaotionr 

%denwine .triphoophato . *%denosina diphosphato 

A competition a o t u l l y  exists betmen uranium and ghcooe $or t h e  ATP- 
hexokSns8e sya%em, 
cf ATPo beclause the dimociat ion oonshnt of the u _ p i u m  cmplsx assooiated 
with inhibit ion of glucose mehholisa is about 10 
than tha t  for uranium-protein oomplexes, 
the A T P 4  complax ail1 have a dissociation oonskant sf this order of mag- 
nitude 0 

* 
IphS UntniUXn 8ppmntIy t ie8 up the phosphate gtoUp8 

L' =hioh i 8  m o h  lower 
Prelimimry data indicate that 

Section Code I 3531 (Elac3ivs Research) 

Relation of Call Surface t o  Btabolismr - 
Yeast in t h e  presence of &acoso end traoer quant i t ies  of €& (high 

' in count, wry lo?r i n  ooncsatnrtion) takes up considereble quantities of 
Fjzo Z f  left  for 2d hours, th i s  I& is dist r ibuted in a fairly uniform 
m e r  among the -phospha'te R-aotions of the c e l l ,  'Ihe c a l l 3  can then be 
washed in unlabelled phosphate and the surfaco I32 is exohanged o f f ,  
m j o r  p r t  of the ?32 within the ce l l ,  however, is non-ezcbangeable (at 
hast  i n  a period oi' eeveml hours), 
oosa plus unllabelled phosphateo 
in the medium, but  despito the nigh speoi f io  aotlvity of the  uell phos- 
phates, these organio phosphates i n  the nwdiurn shaa prac t ica l ly  no radio- 
activity.  Thus, the organic phosphates did not leak out of the oel l s  nor 
-re they fonned'fron oo l i  phosphtea,  
of the  nedim and must bs formed zt the ce l l  surfaoeo Preeent phosphate 
lwthods are inadsquato t o  tka groblerc of i so l a t ing  the organic phosphate 
fra&ious. Ve are attempting to make w e  of the p p r  chronatographic tech- 
nique to se-psrcrte t h e  phosphoryiatod ia%;ermediates of o a r b o h y h t e  metabolism 
and have succeeded i n  rcodifying tho standard phosphate methods so t h a t  
colors can be dsoeloped on fi lter p p r  w i t h  only 0,Yg of P, If t h i s  

Ths 

The calls are then suspended in glu- 
S?rall ~nmrmts of 0rp;anio phosphate appear 

They m u a t  arise from the  phbsphate 

. 

UR 00499 



- - .  

hoimique works,, it w i l l  be  sed to identify the compounde formod by %ha 
yeast at  the cel l  surfacec 

- 
A sscosd approach to this ?roblorn iilvoPvss the study of phoept.laeses 

in yeast, USQ of ATP with F32 incorporated in the moYecuP0, it oan be 
shown that au s n z p e  is  present nhich spli‘26 tha ATP t e  Ah3 onci inorqanio 
phosphateo 
suprnatent,  d t h  no appceranoe of P32 in %he cel l ,  b d i c a t a s  that t h i s  
enzyme is cn the o e l l  surface, 
are BB followso 

‘phc m o o v e r y  03 etoichionetrio anomto of produots in tha 

Somo of the charaotoristios of t h e  enzyme 

a, Its pH optimm is 3,4 - 4,O with no aot iv i ty  a.i; 7,00 

b, It mill hydrolyzs ATP, ADP, and inorganic triphoso 
phate, but not inorganic pyrophosphate0 

’ c c  3 is bhi3itad by high concentrations of inorgmic 
phospi-nte and 
thrs  praeence of JU,”~ BA elons daes not fnhibit, 

The ectivity is directly proportional ‘to enzyme. 
boncentraticn ( f i ~ s k  order) reactioag but the tjm course 
of tlhe .reaction inrol-res a gradual s10-g of t h e  rate, 
which is a S 8 G C h t 0 d  nith iahibikioa by 
ths reeotion., 
rea a t  ion 

nuch Pomr concentrations of laorgenlc ia 

d, 

products of 
The enzyme itself is no t  destroyed 3y the 

eo Othsr e n e p s  exist on t% eurfaoe of tho ce l l  ahich 
will hydrolyse alpha gfyoero?hoospbte and inorganic pyre- 
phosphnte s but no* AA, 

froblcm Code8 U,6 (:Aethdn or’ Cbtecfion or’ Poisoning, Prophylazia, 
Trea’r300nt,, and Protaction) 

Section Codex 3260 

hmino ~ c i d  Excr0k;ion in Cranitm Poisoningg 

The ninl;ral doua of rt-anim Co ewks a rdepons~~ i n  mino acid t o  
creatinine mtio hae boea dstermined. 
-uranium h e  -met etmluatod and t h e  -clanism of &the response b e  been 
clarified 

The response to repeated dose6 of 

. 
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Problem Code x 

Seotion Code: p10, 5220 

139.1 (Physioal and  Chemical PrOp3rkEouj 

Analytical ?i!.ethodb : 

Five analytical nakhods I'tr b3ryEim have h e n  h a t i g e t a d  in 
scxne detail:  three colorimei;riu, m o  flcorescen$, *md a a-pctrograpnlo 
method: 

Liir,it; or" S k s ~ u w  d 
EYr or 

(7' 
I- 

Agetlt or !Lethod S e m i  t iviLy 
,9g f J  

Color h e  t r i o 
(1,k dihydroxy anthraquinonr,) 

0+5 

Colorimetric i . 0  
(aurin tr ioarbcql l fc  aoid) 

?2 

IO 

0 e 2  5 '  

Fluorescent 005 
(3. mino hydro- anchmquinono) 

Speatrosc opio 0 .Go5 25 

A t o t a l  of 503 beryllium malysss nave baez ?erfonnod: 2& mro  
oaeeads inpactor s m p l e o ;  2:3 w e n  expcsure o h b o r  oemvles; and 76 fcom 
nisaell-aaous check and shndntci sizalymg. 

%maling and ::easurement of Aorosols: 

Bacauso extreme diff ic:iltias w r o  arperioncsd in diar,ercj.ne, CFJ 
'beryllium sulfate dust,  the b s k h  atczlizinc ?cad h s  bssn unsd "io rlircperse 
the sulfate R S  a m i s t ,  This prccsduro 5.qllca'caci conditions 5.2 h e  industrhl 

I-, 1, 
L i l  
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sulfatinE process and permitted be t t e r  control of ahnospheric oonoe2ltmtims 
than itad been obtained with the  dry dust'. 
nist shaved tiny crystals surrounded by a layer of moisture. h kwb pilaf-: 
exposure s t u d i e a  concentrations of the order of 80 I u $ .  have been obtained 
with uniform p a r t i a l e  s i r ae ,  approximately b u in dhmeter, range 0 , g  

Strikingly, samples of the sulfate 

to 1.1, u. 

Cmplex Formatima 

Ti t r a t ion  experiments have been darried o u t  with various organio 
so ids  and beryllium. 
maleic, h r t a r i o )  p r m d  t o  be e f f e o f h e  oonplerers of' beryllium. 
those tried vdth negative r e s u l t s  were$ 
1achCe, mlate, succinate, ito. 

Only alpha Wdroxy, diaarboayllio mid8 (a i t r io ,  
Among 

a o e b t o ,  glycbe ,  aydeine, pr& 

Problem Code: Be.2 (Toxic Effeots).  

Seation Code: 3250 

Anatomical Dingnosis: * 

of the l ive r  c e l l s ,  neorosis of o e l l s  of the  distal l/3 of the proximal 
convoluted tubules  of t h e  kidney and degenerative ahangea in the o e l l s  o f "  
the henapoietic system are produced. 
ach in ia t ra t ion  of beryllium sulphate, ra ther  sharp change8 ooour i n  the 
elements or' the peripheral blood. 
(probably r0EUlthg from intravascular lysis of r e d  oe l l a ) ,  a leukoaytoaia, 
and an imreaae in t h e  number of oirculating platelets. 

F O 1 1 c ~ h g  exposure of animals t o  .beryllium sulphate dust (100 4116,  

%hen beryllium aulfata is given intravenoualy, dd-2-1 neorosis 

Follcmbg a single infcavenous 

These cons is t  of a aeoondaxy a n e a  
4 

- 

8 hours daily for 11 days), inflanmnatorg pulmonery 138i0nt3 are prodwed, 
which vary in  in t ens i ty  with d i f fe ren t  speoies. 
brmchitia, end fooal a t e l e a t a a i s  (ire the most o m o n l y  observed lesions, 
Tho q u a  of some speoies expoeed t o  t h i s  d u s t  develop ocmjunativititl, 
k a r a t i t i a ,  and corneal ulcers. - .  

e- . 
~ u l m o m 4  adsma, a termiml * 

P r o b l m  Code: 30.2 (Toxic Effects) 

Seation Code: 3536 (Elective Research) 

Prociuctioa of Generalized Osteosoleroeia a n d  Osteogenic Saroanraor 

R e p a t o d  i n t r a w m u s  inject ions of beqy1lit.n s u l f a t e  have provoked in . 
- 
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rats 8 development of amcel lous  bone t o  the'exkant of naatly aomplets 
rsplaoemant of t h e  marrow cavity, 

Rabbits have 'been givenvar ious  doses of beryllium oompounda aJd 
are at present under observatidn awieing the development of oateogsnh 
8araclp1las EM reported by Gardner. 

a 

Problem Coder Be.3 ( T d a  L i r i t s )  ' 

S e a t i a n  Codet $10, +20, 3230, p j o  

Reliminary Beryllium Sulphate Inhalat ion.  S t u d i e s  2 

A twoaeek p i l o t  study vas  Ejerfonned in 72 ~~1~ exposed 6 hours 
per day over a two week pariod t o  a misty. atmosphere of Ba30~. 

whbh t h e  animal group, o a n s i s t h g  of 3 rabbi t s ,  10 nt8, 38 d o e ,  110 
hamsters, and guinea pige, was exposed was 59.8 I Q / ~  of t h e  oompound as 
determined, g r a v h f r i a a l l y .  
a8 followar 
There were n o - f a t a l i t i e s  in t h e  mouse o r  rabbi t  (rrroups. 
data 6hWed t h a t  a l l  of the animals wore adversely af feo ted  wi th  the mouse 
showing the grea tes t  ohango with  a weight l o s s  of 1 9  follavring exposure. 
The guinea pig and rabbit ahawed the least change with 2 and 3% 1088, 
reepeot iwly.  
and rats were unusually normal and consis tent  throughout' t b  experimenb, 
showing no indicat ion of &ump. 'H is to logic  r e s u l t s  are not available, 
but gross examination of t h e  tisaues a t  the  t k  of autopsy rsvealod wide- 
epread pulmonary edema in  .the rats and some a l w o l a r  oongeation in t h e  
guinea pigs. The mice, both those studied se r i a l ly  and a t t h o . t e r m i n a t i o n  
of t h e  experiment ahawed l i t t l e  innsoation of &mago. 

0 foll- 
a cond$tioning per iod  of the same length of time, The bonoentrat 6";; on t o  

Death0 among *e t reated mlluls were d i s t r i b u t e d  
10 of 10 rats, 3 of 10 guhea pigs, a n d  2 of 10 hamstera. 

I w e i g h t  response 

The biochemioal 'and hematologic valuss from t he  r a b b i t s  

-4 

In order' t o  ascertah if rlifferenceo csxisted betvreen t h e  suaoeptlbillCg, 
a lbino and colored guinea pigs (10 of each, apprcx%n&ting a xm~n of 400 g) 
ware e osed to a misty atmosphere of BeSOb.6H20 at ep concentration of 
100 &. Eleven o l d  esld heavier a n h l s  amragins 850 g were a l s o  plaoed ' 

in t h e  chamber together with 12 rats, 
gulnea pigs diad'while but  4x0 fakiltties were recorded in the mhre group. 
mere were no discernible differenoes notad in  the  e f f ec t s  of exposure upan 
e i t h e r  the albino or colored young guinea pigs, a8 doaths mcurred wtfh 
about equal frsquenoy h bobh groups. A l l  but one o f  t h e  12 rats died during 
t he  course of t he  experiment, with the. deaths occurring b about; t he  mima 
ohronologfoal order as i n  the i n i t i a l  mist-expoeuro s t u d y ,  emgm, the first 
one being recorded on t h e  8 t h  calendar day. 

It '1088 noted that a l l  of the youjaS 

Skin Reaotions: , 
\ 

As far as has been ascertained, beryllium doe8 not prwoke a - .  

t 
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sens i t iza t ion  response. 
through the  i n t a o t  skin; however, once through the  skin, soluble beryllium , 
oompounds prodwe a Wpicral ulc8r. 

There i a  no abeorption or  px%otically none 

Feeding Studisa: 

Berylliun riokets has been produced i n  rats f e d  either beryllium - 
su l fa te  or beryllium carbonate a* a level of $ of the diet; 2.9 beryllium 
oarbonate d i d  no t  produoe riokets.  When replaoed on t h e  stock ration, 
these animals appareptly reomred  and the  riokets heeled; hmever, in 
t he  f o l l m i n g  weeke an odd, hitherto-undescribed, rediolucent area 
appeared in  the  metaphyseal area and seemed t o  inorease in oaggibl  I 

dimension with, time. Tho nsfure of this l ee ion  is unknown. 
. I  

When large Rmounts (lo$) of beryllium axide or  powdered bsryllfum 
metal were mixed i n  the  diet of rats, no depresoion in growth m a  produoed. - 
b u t s  Toxioityt Intraperitoneal Injeotion: ‘ 

Aqueous solutions of a num?mr .of salts have been.adnin1stered t o  . . 
albino rats intmperi toneal ly .  
b F 2  - 12 t o  15, BeOF2 O, 13, 

The LqiP’o are 8pproxirrri”Yely as indioatedr .. 500 t o  600, BeC12 Q 100 to’200 &‘. 

Aoute Taxioity : Intramnous InJeoti on: 

In order t o  attempt to’reproduoe prevlous work wMoh showed kht ’ * 

beryllium. sulphate when Injeated ht2vLperitomally in an aqwous aol~x%iaa 
was nore toxic than in a sa l fne  solut ian,  20 rata were given intravencusly, 
7.2 mp$kg of beryllium sulphate in aqueous and 20 in Saline, 

* ‘ 

-. - 
Ten ra t6 

‘I of each group d i e d  and 10 survived. . l  

Siwe p i m a  pigs soemsd t o  be uxusually resiskant t o  beryllium 1 

aulphate when inhaled as a dust, it was thought worthwhile t o  dote- 
roughly the intravenous t a x i c i 9  in this species. 
wre given inoreasing doses of beryllium sulphate int rahnously.  Theso 
rssul ta  indicate? t h a t  t he  g u h a  pig was more susceptible than the rat, 
but less than the  rabbit. 

Groups of 2 a n i d s  

Problem Code : Be 04 ’ (Fate 

Seotian.  Coder 9 0 2 ,  3210, 3220 

Intratraohesl Studios : 

8 revision of the original  progran of b t r a t m o h o a l  administration of 

. .  
k r i q  the past three months, cer ta in  findings have mde advisable 

‘ UR 00504 
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beryllium oompounds. A s which had appeared t o  be 
negative a t  first are now, after 6 t o  8 months, producing a high morb l i fy  
r a t e  in rats. The inmediate inference is that the detailed studies o f  
the reactfan of the body t o  beryllium should be planned to cover a t  leasf 
t h i s  period; consequently, a group of 50 rats haw been hj8Cted w i t h 3 0 0  
me;/kg of 'powdered beryllium ne ta l  and are befag observed fo r  mortality, 
hematology, and organ weights  a t  death. 

Be ry 1 1 ium D i  s t  r ibut  ion t 
. '.< . ... . . . . . . . . .; 4:' 

1' 
- . .  . . .  - 

The radioisotope, Be7, has been prodwed by bombarc3ment of lithium 
in the o h l o t r o n  of the University of Rochestar Physios T)epartrmPnt. 
a few samples haw been studied; hawever, 5% appears that beryllium 
arfminstered intrervenously appears promptly in the urine, a n d  is deposited 
in the  kidney, the  l iver ,  the spleenb the bone narrow, and  perhaps i n  the 
bane mineral, 

Only- 

. : 
# 

Problem Code: Be.5 (Heohanism of Toxio Effect) ' .  
Seotion code: 3210, 3230, 3260 

Agents Affeoting Beryllium Aotion: 
1 1 - *  

I-- 
A group of 5 rats given beryllium metal intratracheally 3 mmfhs 

previously were administered peanut oil by the am8 r o u b .  
leukwytosee and the  tendsnoy t o  eosinophilia, whioh mre obaerwd in a 
aimilar preliminary .teat, have again bean observed, 

The 8mm , 

The following substames have been obssmed t o  produce looal 
uloeration or m i n o r  reaction in the rabbi t  and guinea pig when introdwed 
htraoutaneoualy : beryl1 ium metal ,  beryllium l aa ta te ,  and armnmium 
berylli\hn fluoride complex. An injurioue reaction i s  obhfned with dose8 
varying from 0.07 t o  0.67 mg of oither the soluble or the insoluble 
preparations. A aimilar but less  severe inflammation has been obCai.nad 
h the rat. 
The administration of 0 . 8  mg beryllium fluoride oomplex appears ko be 
free of lwal effeota. 

be further tbsted a t  a somewhat lwrer leval. 

A leukoaytosis 3a a l l  oasea has aooompanled lmal' inflammt~on. 

Beryllium sulfate  st 0.07 mg-produaea only a mild 
inflmtiOII a6 does 0.07 beryllium h o t a t e ;  the l a t t e r  2 substames W i l l  

Ef'feots of Beryllium on Cella and Tissueax 

Beryllium has no pronounced effeota on glwoee oxidat ion or 
fennentation by yeast. 

: r  ;_-, ' :  . .:-, .:., , '  . 
. .  * , . , - ; - - -  I , _ .  . 
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Infectious Agents Affecting B e y r l l  lu:n Ackion : 

The n i m l b a s o u e  aiimixistratim of %)le kyaiwonidasa with a 
suspension of pneumococcus *pe XV, give2 intrzltmcf=eal1y, lnauoed a 
nmrke? loukocytosis in rats coinparod 1::LJ:3 an a3ssecce of rosction 2a the 
oont ro l  animls. "hen hyalwonidass was given r i t h  ~noumoooccus. type 111, 
11 (100%) of the  hyaluronidase ra"va succombed n5th a E O V ~ ~ O  pneumonia 
and plouri t ic  raaction, -,rhoreas cnx; 1 (2N) of %>e conkrol pnaumo=occuu 
J;S;?)as V I ,  VIII, and XI1 1 x 8  nc;r b3 i -1~  *Edei.+kIii€Il undo:* idairkicnl conditions. 
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in blood of rabbits, in the  hope of applying such measurelnsnts to the  
determination of cardio-respiratory reserve 
circuit was borrowed fron the  physiology Dspartnant. 
measuring c i r c u i t  was b u i l t  by OWSelW8. 
i n  vh ich the animrls ooyld be exposed to any desired O2 tension. 
the aninals wclre a t  equilibrium wtth the desired 0, tmsiun, blood 
samples were drawn from the ear or  from the femoral ar te ry  for VenSlyb 
determimtfon of 02 saturation. These analyses 3ere co.mpsted with t h e -  

"he oxheter earpieoe 
The e lec t r iua l  

A rabbit  cage was uonatrwfed 
When 

. 
I - -e. 
+-*+ r 1.- oximeter readings. Our r e su l t s  oan be summrrized at3 Pollma: 

a. Rabbits l i ke  dogs uan withstand very low 02 sa tu ra t im  

b. When the  oximeter is mounted on the ear of albino rabbits, 

t he  blood, considerably lower than man. 

the  readings are re lat ively unstable due t o  marked uhange8. , 

in ciroulat ion in that organ. 

o. When the oximoter i s  motmted on fblds of shaved akin dn': 
t he  bel ly  or baok, the readings are stable. 
when the  % tension is  roduoed so that  the % saturation 
drops from 95 t o  4$, the oximbter m y -  only drop from g. 
t o  80 or  '7$. The oximster indicates qua l i ta t ivs  but 
not quantitative changes in 02 saturation of tha blood. 
The reasan f o r  the dimrepamy is not apparent a t  the 

However, 

, 

pregent t h o  .. 

. UR 00507 
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THORIUM 

Problem Code: Th.1 (Physiual and Chemioal boper f ies )  

mtia coae: 3210, 3220 

Prelimipary studies of the polarographio behavior of soluble thorium 
salt's indicates t h a t  this method w i l l  probably not be useful for estimaf- 
ing thorium. A oatalyt ic  warn with n i t r a t e  ion ha8 been found, but i ts  
USefUhO8S is doubthrl. 

8 A number of prooedures have been t r i ed ;  for exampleb the dithiatone . 
. and t h e  axalate1 and haw been dlaoarded. SufYioient preliminary t es f ihg  
has been oarried out using about 30 dyes t o  be able  t o  disoard a l l  but 
om of them3 t h i a  one ha8 possible usefulness i n  the o o l o r h e t r i o  method. 

Sampling and Measuremntt 

f A visi t  wts made t o  the Maywood Chemical 'dYork8 on September 24 
for the purpoee of beooming,better aoquninted with the Induetrial  Hygizme 
prObltm8 of t he  thorium industry, It was noted t h a t  the only &st hazard 
in the  produotion of the thorium n i t r a t e  wau i n  the handling of monazite 
ore and in s.tirring out the  thorim n i t r a t e  a t . t h e  f inal  step of the 
procesar 
oompensation olaims prepnted during the oourse of t h e i r  40 yoara of 
thorium produotian, 

' 

The company of f io ia le  reported they hac? had no indus t r ia l  

This oompary has only a -11 number of employees. 

Problem Code: Th.2 (Toxic Effects) 

Seotlon Code: 3 5 0 ,  3250 

Feed- Experiments: 

Groups of weanling and 6 month old rats are  bein& f e d  d i e t s  
I oontaining 3 levels of a typical  soluble and a %pioal insoluble thorium 
oompounc?. 
reoorded. 
oauee death after a protraoted pe r iod  of 2 mmths or  more. 

The dietary levels  a re  0.05, 1, and 1%. 
Ten per oent  of thorium n i t r a t e  i n  the die t  is euffioient to 

B'ody w i g h t s  ere 

. UR 00508 



Intratraaheal Toxicity: 

The 4-&y hdL0 for thorium nitrate in rats has bsen sstablishod 
for  t h e  intratraaheal route t o  be 5 &gj for thorium diaxide the taIJ 

observable injuxy from t h i s  amount of oxide in the lungs, . 

lras greater than 1,000 mg/kg -- the  mximal dose possible by injection. . .. . 
-4 . A f t e r  a period of t w o  mmths, thorium dioxide animals have suffered no . . I  

Inhalation Experiments: 

To monitor the inhalation experiments, it has been decided t o  employ 
an alpha uounter for  thoron t o  make sure tha t  Projaot personnel are no% 
exposed. This counter has been buil5. 

Section CoSe : 3220 ' 

Distribution of Thrw+.v.mc 

Whe-n thorium marked with ultl i a  administored to rete, '  rabbito, and 
guinea plgu, a aharactariatio pattern of distribution has been found 
dependhg on the route of administration, When .thariun i s  sdainistered 
intramuscularly, there i s  no evidencle of mobilization fron the  s i t e  of 
implantation. When it i a  administered by noukh, there is  no absorpt im 
from the  gastro-intestinal traats or  perhaps it,would be bekter t o  say 
that the  absorption is -80 al ight  as t o  bs undeteecrtsd by our expsrimzrkl 
prmedurea (lesa than 0.15) !:'hen' it is ab in i s to rod  htrovenoualy, it 
I s  deposited in the  l iver,  bpleen, and bone mmm. 
(to.$) appears i n  the urine. 
feoal emretion. 

' 

. 
Certainly nom 

There i a  a variable, but eignii'icant 

, 

1 

. .  
I .  .. 
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I FLUORIDE 

Problem Code: 

Swtion Code: 3210 

F.l (Pkiysioal and Chemical Properties) - 

- 
s~u~lp l i ig  m a  lieasursment: + 

fluoride by the  thorium ni t ra te-al izar in  back t i t rmt ian  procedure, 
reomerie8 being seriously l m r s d  when the r a t i o  of mols. of beryllium. 
t o  mols. of fluoride exueeds me; beryllium does not interfere with the 
separation of fluoride (as sodium fluoride) by the H i l l a r d  and '?linter 
d i s t i l l a t ion .  Alkaline fusion, fol lmod by perohloric acid d i s t i l l a t i on ,  
is required for the determination of the fluoride oontent of beryllium 
flueride8 beryllium oqrfluorido may bo analyzed f o r  fluorine by the usuai 
perchloric g o i d  d i s t i l l a t i on ,  by a l k a l b  fusion and subsequont d i s t i l l a -  
tion, or by direot t i t r a t i o n  of an aqueous solution of 'the salt. A 
aafisPaotory-prooedue was not devised f o r  the enalysis of 'beryllium ore8 
for fluoride oontent, owing t o  the faot that the treatmdnf d t h  hydro- 
fluorio aoid i s  r e q a b e d  for complete solution of t h e  samples. 
of the  fao t  that  knonn amounti of fluoride could be sa t i s fac tor i ly  analyzed 
by a prooedure applicable t o  Casoade Impactor samplos, i n  praotioe ewh 
samples could not  be sa t i s fao tor i ly  handled mhg t o  difficul* in neutralir- 
ing al iquots  and t o  poor ooloro for matohing t h e  end points. 

The Harahaw Chemioal Company has foruarded through the Servioe 
MVi8iOn (Division of hledioal Servi6es) approximtely 50 atmoapherio * 

sample8 and 41 urins samples for fluoride analysis; one sample of human 
t l ssue  (lung) has a lso  been reoeived. One hundred forty-tm exposure 
ohamber damples have be- reoeived from the engfieers fo r  fluoride anf~ lys i r .  
Thirty-amen os8eous t issues  from C I r .  Sprague~a. two-year uhronfc umnium 
exposure ham been analyzed for fluoride content . 

BergUhm ha8 been found t o  interfere With %he k i t r a t ion  of . 

i . +  In sp i t e  . 
' 

I 

Problem Coder F.4 (Fats) .- 
Seetian corlex 3210 

Ibtermination of Fluarid8 in Blood:. 

A s a t i s h a t o r y  method !xis boen developed for tho analysis of blood 
for fluoride oonhat ,  and the method has beenwritten up for inclusion in 
the aeuond volme of the Pharmaoology monograph. To da%e samples of lamb, 

. UR 00510 
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SPECIAL DUTERYILS 

Problem Corle: S.M.7; (Toxio Limits) t 

. .  

, 

Seotion Code: 3210 

HCP 6nd its oxidation product, TCAC, are both highly toXio 
8ubstance8. 
theso S U b a t a ~ e s  is  appraxbnfitsly 460 and 100 ppm, respeotivew. merear 
the unpleasant odor of HCP may serve a8 8 narning W b n  oven R f e w  p p  are 
present in the air ,  TCAC is  mora insidious, and if appears probable -t 
a dangerous conuentratioa olay be built up in the atbsphere arithouf 

The LDfjO for rats exposed for 30 Idnutas t o  the vapors of'. 

smisory warning. . '  

XCP upon inhalation by animals prodwea exoitemant; oontbued &I= 
apircltion of higher eonuentrations resulting in the smit;exR?mt stage o 
anesthesia; TCAC under similar oaailitfons g i w s  some degree of sedation 
Both vapors in man may produoe aye irritation, redness of *e naaal 
nembrane, unprorluotive oough, and nasal disoharge, and reddening of 
pharyngeal, moous me~nbranes; .lymph glands in some oases beoom alwtly 
enlarged and tender; some loss of appetite is also noted, 
of sensitization appears td be 8 oharactsri8tio of the ~mpOuXld8~ 
above symptoms are prodwed by extremely mild exposures t o  TCAC that result 
from the ponefration through the Amy Assault Canis'cor. 

The produotion 
The 

( *  -., 
Tmatmsn& would consist of remow1 from the toxic akosphore and 

cmtinuecl. rest. 
but not  agoinst TCAC. 

The A m y  Assault Canister offerq proteotion againat .HCP . 
For TCAC the us0 of a supplied air type of mask 

L S  adVOORbd. 

I 
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Problem Code: I,Sol (Tracer Chemistry) 

SeoLion Code t 3120 

. .  

The Appliaation of Filter Paper Chronntography t o  the Qualita-tive Analysis 

of Volatile and Bon-Volatile Organic Acids8 . 
B.c round: The use of fi lter paper chromtography for the quali- 

tative + ana ysis of mixtures of organio compounds d s p n d s  upon the di f fer-  
ence i n  the partition ratios  between t h e  aratsr phase and an organic solrent 
phaae f o r t h e  organic oompounds investigated, 
by setting up experimental conditions a8 followso 
organio compoundmixture is plaoed near one end of  a long s t r i p  o f  filter 
paper (the water phase) and thae end (not inaluding the spot) dipped in the 
se lected  organio solvento 
SOlVe& boundary and a following movemen% of ths various organfa compounds 
at a rata depending on their respeative partition aoeffioients, After a 
suitable interval of tinre# the prouess i s  terminated by removing the end 
of the filter paper from the solvent; the solvent bounh'y is marked and 
the gaper is  dried and sprayad with some dye to give an i3entiA-g aolor 
reaction. 
the s t r i p  as more or less narrmb&.ztd8 and a m  be ident i f i  d by calibra- 
tion.experiments prformed with t he  single pure compounds,p !The ap valw 
is d e f h d  ass 

's7lis dif'f'erenoe is ut i l i zed  
A small drop of.the 

'phis brings about a movement o f  the organio 

The various organic aompounds are found to be distributed along 

Muvemnt of advanoing front of o ~ g a a i c  solvent 

Ib the appliaation of filter p p e r  chmatography to the qualita- 
tin amilysis of mixtures of organic acids,, certaia difffoult iea are en- 
oountared a8 follolosg (1) streaking of many o d d s  a t  the conaantrations 
required for deteotlon by color mactioni (2)  spreeding o r  evaporation 
from the pper of the volatile mrabers of  tha groug; and ( 3 )  too rapid 
migration, essentially with t h e  solvent boundary, of the compounds of low 
water solubility, 

the potassium hydrozannrte was found to be most satlsfsotory in overooming 
some of these d i f f i c u l t l w ,  

O f  a number of organic acids.sa3ts and derivatives investigated, 

Synthesis of  the hydroxamtes enabled the 

1, Gordon, A* Ho, Ehrtin, A. Jo Po, and Synge, B, Lo M,, Biochern,, zo 
ROO. Z l i i  (1943)o 
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separation of most of the comnaon organic acids: with c h i n  lengths of about 
eight carbon atoms o r  1 O S S o  I 

Mathod: The potassium hydroxtuate deriwtives of the organio aaids 
were p m x  by reacting the mthy l  aster with about a bo-fo ld  oxcess of 
a m i x t u r e  of potassium hydroxide and hydroxylau$m in methyl alcohol, Tbs 

organic esters were applied t o  the filter p p r o  
developed for  each of a number of suitable organio 8olvenbso 
nake the bands vis ib le  the dried filtor papor m s  sprayad w i t h  f e r r i o  
chloride solutiono 
on a yellow backgroundo 

BeSUl t8 t  
d e r i v a t m d  for  BI var i e ty  of organla sol-vents0 
in a b l e 6  I and 11 ( a g e s  60 d 6E)o 

. .  
. hydroxamate derivat ives  obtained from about 10 mol0 of eaoh of t he  

%e chromatognufiwue 
In order t o  

, ~ 

This displayed the organic derivatives as,purplle spots 

B e  Rp values were deterinined for  m numiber of h y d r o k t e  
"bee data are gimn 

Disoussiong Converting the  o~ganic  aoids t o  t h e i r  hydro-te de- 
rivatives imreases .the polarity, deareases the v o l a t i l i t y  and makes 
possible the use of a convenient and reasonably sensitive color reaction 
for developent o f  tha ahromstogram without increasing the molecular weight 
t o  such a degree thak so lubi l i ty  differences bebeen Jaembers of a horaolo- 
gous series are seriously diminished. 
suffioiently sensitive t o  detact on the finished chromatogram a s p t  corn 
t a i n h g  a p p r o x h t e l y  IOo7 mole of aoid, assuming a qunntitatirm, converrrion 
of the ea te r  t o  the hydroxamate i n  the  p p r % t i V e  procedure, while use of 
mirture containing nore than about a milligram of any one component IS 

ppero 
of the amount of acid in a spot by jrzdging from .the s i ze  o f  the spot and 
the intensity of .the wBorPo 

In general, the color reaction is 

. . 

likely to lead t o  spreading or streaking due to the overloading of the a .  

K i t h  proper controls, a rough quantitative t r 8 t i m a ~ l O n  m y  be made 
I 

Disadvaxr&agsa i n  tha use of the hydroxamate derivatives include the 
lnanipuhtfons involved i n  +heir preparation end the multiple spots ob- 
tained &om the aoids d t h  multiple funotional goupno The multiple spots 
a r e  p r e s m b l y  due i n  general to fatlure t o  arry the prep ra t ive  reactions 
t o  completion, although t i e  pose ib i l iw of complicating impurit ies in some 
of the 6tOOk organic acids employed h m  not h e n  en t i r e ly  ruled outo 

Ths colors i n  the developed chrowtognun are  rolatively stable, al- - . 
Intense spots o t  

though continued exposure t o  strong l i g h t  cause6 a loss o f  contrast,, 
principally by ac=on on the ferric chloride backgroundF 
the f e r r i a  hydroxamates tend to spread 
so t&it i n  f i l i n g  ie is w e l l  t o  i n se r t  
ch.romtogl.ams, 

t o  other papers in c o n h a t  Gth them, 
blo tL sheets of paper 'between the, 

4 '  
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TABLE: I 

RF Values of Hydroxamata Darivatfwa of Organio Aoide i n  Various 
Solvents on Whatman Eoo 1 Filter h p r o  

. 

I 

, 

1 

Fordo  
Aoetlc 
Propionio 
Butyric 
Valerfo 
caprylio 
Rslnrgonic 
Capric 
Benzoio 
Phenylacmtic 
Laotic 

n-Ebprl n-AmyP n-Butyl seo-ButyI 
alcohol aloohol I aloohol aloohof 

I .  
0006 . 
Q e 2 3  
0043 
0.63 
0073 
0086 
0084 
0089 
0069 
0073 
0014 

I 0012 
0035 
0056 
Oe71 
0078 

* 

0088 
0085 
0.89 
0 073 
0076 

4 0.23 
I 

0040 
' 0051 
0068 
0079 
0086 
0090 
0091 
0092 
008Z 
0083 
0042 

0054 
0063 
00?8 

. 0087 
. 0090 
0091 
0090 
0090 
0086 
Oo83 
0053 

0022 
0040 
0061 
00 75 
Oc84 
0.91 
0091 
0090 
0083 
0084 
0028 

0 067 
007D 
0070 
0680 
0084 
0090 
0*90 
Oeq5 
0085 
0086 
0066 



IQdroxamate 

oxalic 

'AEonie 

suo oini 0 

Glutaria 

Adip ic  

plme lio 

hzelitic 

Sebacic 

Citric 

m r k r i c  

P p w i c  
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iiadiocarbon and F i l t e r  -per F a r t i t i o n  Chromtographya 

biological systems, it was *ought useful t o  study the degree t o  W c h  $4 
contahicg  produots of intermediary mtPlroli6lil as s e p r a h d  by par t i t i on  
ohromtogtsphy oould be i den t i f i ed  by mdioautegraphic BXPOGWBzlc 

Ihcbroundg h e  to t h e  important rols tIut carbon compuads pioy in 

'3ethod; For tha purposes of t h i s  atudy one m i l l i g r a m  o f  Chlorella 
s u s p e n d x O . 1  ml, of d i a t l l l e d  =tor n o  expsed t o  light in the presenoi, 
of  2 nl, of air  containing a few miurogmms (one mioroourio) of radicaot i re  
carbon dioxide f o r  a period of four  hours, and the tube containing tho ' 

Chlorella was then oonnaoted with a tube oontaining so l id  KOH f o r  an addi- 
tional hourc 
one of  wnich was hydrolyzed i n  O,% ml, oP b N H C l  Ton, 24 hours, and the 
other centrifuged and exOraoted w i t h  25 miorobitare of hot 80 per cent 
alcohol for 30 minutes. A-ho-d imnsional  chromtoogran of each of' the 
solutions (p lus  added amino aoid markera) was developed w i t h  phenol and 
col l id ine3  and after the f i l t o r  ppers were dry, they were pressed diteotly 

- 

The Chlorella auapenaion F C B ~  divided into ttva equal portions, 

'against  sensitive x-ray film (EAL "EO Soraenw) for three days, 

r a d i o a u m -  of which s h m d  exposed areas os followsg 
liesults: The aloohol extraot gave an excel lent  chromtagram, the 

. 1, A r a t h e r  poorly def imd  very dark spot or  spots. 
due to relatively fat-soluble radioaotivo subslances 
poasibly organio acids of low v o l a t i l i t y ,  which had . 
t rave l led  esaentiallywith the bou&wy in both phenol 
and c o l l i d i m o  

2, A dark sp,t in a p p r o x h t e l y  the posit ion taken 
by gSuoose i n  routine chrozatogramc (RF values of' 0042 and 
Oo41 in phenol and col l idine,  r e s p o t i ~ e l y ) ~  

3, A moderately dark spot cohoidin;; i n  p o i t i o n  
:xi* *he glyaine, alanino, arginine,  valine, and' proline . 
added a8 mrksrs, .. 

4,, L i g h t  spots t en ta t ive ly  identified ns a s p r t i o  
aoid, ser ine,  cnd throoninoj two l i g h t  apo-to nsar glycine 
and b o  near alanine whioh could Ba sugars o r  poptideep 
and an unident i f ied l i g h t  a p t  with RT valuscr 0f.0~98 
-2 00060 

'I%sro was no v i s ib l e  exposure i n  the arm oocupied by tho p h e n y h l d n e  
%ddad e s ' ~  zrarkor o r  In the  posi-timc ord izwiLy +%kan by .$he 3khor amino 
acids  n o t  l i s t e d  in the preceding ptrqraphs.  

Z chromtogmm preprod froin e 00 p r  cant zlcohol o x t m o t  of 

4The ;ni;ncrs referred t o  as c o l l i d i m  i n  *Ais csrori?tion m o  ac tua l ly  the 
organic ;&so f r o m  n nhtura or' 3. pert, 2, 4 ,  6 c o l l i d h a ,  1 p r t  2, 4 Sut l -  
dine, an6 2 p r t s  520 8 8  recornended t o  us 5y Dr, C, '3. Dent. 

> 



I- 

63 o 

200 mg, of non-radioaotiva Chlorella caused no ?chemical exposure" of an 
x-ray f i l m ,  and when t r8Rted w i t h  ninhydrin showed spots tentatf.vely idan- 
t i f i e d  as a s p a r t i c  acid, glutamio mid, sar ina,  glyOin3, threonine, ala- 
nine, histidbe, and arginine, and en unidentified spot with Rp values 
of 0010 and 0*050 

- Ixla to B markod temperature chaigo during davelopment, the chroma- 
togram prepared Ppom "he Chlorella hydrolysate kas skeored t o  such an exp 

could be interpreted, it ippeatsd qual i ta t iae ly  s i m i l a r  t o  the alcoholio 
ex t rao t  ahromatogram. 

3 tent that d a h i l e d  ident i f ica t ions  could not be made, but insofar a8 it . 
- 

Y 

Diaowsionr 
tkt an 6xtremely valuable t o o l  f o r  i n t ewdia ry  metabolism studies  with 
radioisotopes is  at  hand, With the poss ib i l i ty  of preparing f i l t e r  paper 
dwomatograms of moderatsly miter-soluble compounds of low roolacular ueighbo 
such as amino acids ,  sugars, organio acids,.purines, peptides,  and a - variety of other organio and i n o r w i e  s u b s ~ c e q ,  a considorable amount 
of data conoerning the nstabolio fate of wdioaotim compounds rray bo ob- 
tained by a very simple pocedure. A parQ;foularly valuable feafuro of the 
ohromatogmphic teohnio is i ts  a b i l i t y ,  without any deviation Prom tho . 
roueine prooedure, t o  i s o l a t e  and d w v  atitontion ko unexpoted or oven . r  , 

addi t ion t o  furn ish  oonsiderable a i d  in t h e i r  idsntifiaatioho 

These &xpriments appear to be comrinoing eviienca 

. 

1 unknown compounds involved in a metabolio prooess under studyo -and i n  

I 

4 
,!The lower l imi t  t o  the  quan*ity of any given aompound whiah may be 

handled suooeesfully by p a r t i t i o n  chromtography seems t o  be deternined, 
in general, by t he  s e n s i t i v i t y  of t h e  proaeduro employed for deteating t h e  
spots. With mdst good visua l  cplor reactions th ia  fowr limit i 8  i n  the 
order of a miorogram (and frequently embarraaaingly close t o '  the  upper 
limit), but with m d i o a o t i w  compounds of high speoif io  a o t l v i t y  quanti- 
t ies m y  orders of mgnitude smaller may be easily detected, identified,, 
and isolated in a 3mll volume of 8olmn.t for further tests,- 

' 

* 

. .. 

- 
Use of Radioaotive Reagents in Filter Faper Partition Chromtographyg 

Back ound: One o f  the princigsll l b i h t i o n c  in the appl icat ion of 
filter ---.gl.IF- paper c omatography t o  biological s tudies  is %he ra ther  narrow 
range c t  ooncentrations over whioh the  uaual toahnique affords  r e l i ab le  

which may be handled without overloading .the papar and causing streaking 
and spreading is of the  order of lo4 t o  POa3 gramao 
serious l imi ta t ion  i n  the analysis of mijc.turss of o r e a i o  compounds darived 
from bio3ogical matorial  since the concentration of individugl compounds 
may vary by several orders of rcsgnitu6oJ, 

This is a part ioular ly  

. .  
A msthod for the extension 01' the useful concantimtion range sugges- 

t ed  i t se l f  from expcrimsnte i n  whioh mdioeutognip-hs of fi lter p p r  chrom- 
tograms mre p r e p r e d  i n  order t o  d s b n a i m  tha  : s t n b o l i c  Lransfxrmtions of 
an injected radioaative .compound, Exoellsnt nWr na togrens  could bz pretpared 



with quant i t ies  of mtariafs many orders of naagaituds Pes6 than those re- 
quired for v i s ib l e  color rea.c-kions0 
investigate the use of m d i o s o t i n  reegents, pat410r thnn color reagents, 
f o r  the detection of t-m various campoundo on filter p p r 0  Tim methods 
mre t r i e d  for incorporation of the rad ioaot im isotope into the oompo&ds 

Therefore, it seemad ressonabls to 

t o  be a e p r a t s d ,  , .  

a t h o d  and Results: 
. -  

I. Suspension of the latent c\romtogrm iil a C l O S 3 d  veass1 
' 

filled w i t h  LI radioactive $as which m s  able 30 react with the class of 
compounds under investigationo 

I 

a. ~aricius quant i t ies  (lo-'' t o  10-8 inole) of 

The paper ~ i a s  allowed! t o  dry end then ex- 

Rfier an hours8 exposure, the f i l t e r  payr 

silver n i t ra to  and ethylahhe kcydrochlorida were 
placed as ind'ividual spots  on o. strip of f i l t o r  
paper, 
posed t o  the vapors of hydriodic acid con'caining 
1% 
ma p r e p r e d  f o r  a radioautograph by pressing it 
against an x-ray film with  c sheet  of cellophane 
intervening, 
spots, and, i n  gensral, the density of  tho spots 
varied  dfreotly with the  amount of material added, 

A seoond orprimme with non-mdioaotive 
hydrogen su l f ide  e8 the magen% a o t i n g  on spots 
containing micrrogram, quant i t ies  of ceriouG metal 
ions has indicated %hat radioactlPe hydrogen sul- 
fide may be a valuable magone as a chromatographis 
ind ica toro  

2, 

. .  
The radioautograph cbserPg showed tihe 

bo 
\ 

. 

Addition of the rsdioective rsagent tb t he  cOmpoul?d dx- 
to its  placemat on the f f l tzr  p3par. .ture prior  

R, A mixt2a of amino aaido and r a d i m o t i n  
hydriodic acid m s  t e s t ed  and the rosulking radio- 
autograph of tho chromatogram shwed a singlo 
spot for the hydTiodio a c i d  damnstmting that tho 
amino acids and tho  hydriodic aoid want t he i r  
separate mys. 
mono-carbozylic acid8 s h m d  t he  Gama wuccassful  
result 0 , 

X mixture of' rrrdfo-po+-ssivm and 

bo On tha o tha r  hand, prslhisary t e s t s  with &im?lo a 

amino hydroiodides hive Ghown that minos czzry khe 
radio-hydrisdic acid along 0ven w h m  Pit t la  or no 
hydriodio uoid 'ilus y-roaect in the 8ysbm0 

Msoussionn ' h a  methods presented &born represent o u l ~  a few of the 
simpler procedures for introducing G Padiwctiwe rasgent., 
ta ined in theee exprimnix lsarianto f u r t h e r  study'af nsthods whereby the 
sensitivity of radiwu.togrsphic techniques can b L*ilizcd i n  extending the 

The euccess ob- 



Problem Code: Bono 

‘I Ssotion Coder 3110 

Analyses for S p c i a l  mterial ?l~n.t;o: 

The following analyses ware made for the spscial mhrial plantss - 

Five Geiger tubes of l o c a l  dssign have had mica windms’oanonted 
O n e  been f i l l e d ,  and tasted as a sorvico t o  tho University of California 
Atomia Energy Projsot, Los Angelos, California, 

SpeatrochemiceP AnaPyoosg 

+ A6 a service t o  outside organizations, t h e  following epeatroohsmi- 
tal -lyses we& parformed f o r  the period July f t o  September 30, 19471 

, 
12 samples including soil, pint, 4 foliage for uranium 

10 samples of soil f o r  uranium and vanadium 

10 samplas of s o i l  for uranium 
I 

6 samples h m n  cutopsy raaterial for uranium and beryllium 

9 snmplos hmm aukopsy m.i;arial for uranim and lead 

4 samples h u m  mtopsy n a t a r i s l  for  uranium 

1 sample hurran l iver  biopsy for U, T5, Be, Va, Pb, Hi, Cr, 
and Cuo . .  

I n a d d i t i o n ,  about 25 Iliiscallansoua acalyses mostly for Ee were’done 
f o r  units within the Project ,  

I 

Electron M2opro$mphs1 

A series of 20 electron rAorograp;.ls of i3eO du3t6 ::era made as CI 
serrlcs to Clifton 2roducts Co, , 

. .  . .  ... 
i 
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c o  30 tJreath sanples t o y  body Ey o o n t m t  (aualyaed by 
Dr. Robley Do EvnnE; ?do I. To) 

278 fin5erprin.l; bprossions (analycorl by Dr, 
Roger €krvey, University of I l l i i o i s  Collego of 
&dEcizm j 

do 
. .  

In eddition to tne a b o v e - m d  routine work,, those sections were 
used extensively in aonsciting capacftbs, and as a centralized mediun for 
the collection of samples, efipediting the aholysis by other sections, and 
reporting msults relrtive to the  follovings 

G ~ ,  E analysis of ar t i f iab l  teekh'for radioactive and 
toxicological hszardo 

25 s o i l  san?les received (for urenium content), 
IS analyze2 and roportsd, 

57 urixios (analyzed f o r  uranium contaot)o 

i;, 

cI, 

d ,  

eo 

f, 

45 urinss analyzee f o r  fiuorido, 

166 smear ssmplos counted on a lp 'h  countero 

256 6us% samples for urnnim content received, 
67 arnlyZGd and reportedG 

0 five-galioil river r a t e r  sampl~3, not  y e t  analyzed, 

r 

0 

g o  . 
Fib Research : 
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lmt to density of wrioua 6xposuras; the F i l m  effect o f  exposure t o  radio- 
a c t i v a  iodine;  a comparison of the sensitivity or' Ecr6txm.n Kodak Type IS 
f i l m  with the DupOnt ftlm: and a study (skill going on) of the m-thod of' 
countkg  proton rsoo i l  tracks 70rsus t h e  cadium and lead strips on f i l m  
for determining neutron exposure. &oh time-has a180 been spent i n  OOA- 
sidering faatups for a new badge design, 

. . . .  . 
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PROJECT HSALTIl 

Problem Code0 None 

Sestion Code: 3330 
\ '  

Projeut Bdica l  Service: 

completed during the months of July, August, and Sephmbar, 1947. 
1, The mdical  of f ioe  ha8 on f i l e  38 'physical rscokds which were 

2,, During these nonths . .  43 chest repods were compleked and f i l e d  

There were no loet-time accidents due to injuries received on 

in the m d i c a l  offioa. 

30 
the Projeot,, 
refbrmd t o  Emergency at Strong ?&moria1 Hospihl, o m  t o  X-ray at  
Strong Memorial &spi ta l ,  one t o  an outside physioian, and -h roturnad 
to the mediad offioe Ear seoond treutmento 
have been submitted on these aa'8eso 

Of the injury cases reported to the medical off ice ,  one W a 8  

The usul. compsnsation forme 

4o The results of the tuberculin t e s t s  that were given during 

Teet with Pirot  Strengths 

t he  month of July to the employees of this Rojoot a m  as followso 

NO, of Rmckion8 

c 

c 

5, The report of the blood c a m i ~  being done in t h e  asdical office 
f o r  the monm o f  July, ~t igys t ,  axid September, 1967 is as fo l lomg 

EtQ Initial cornplate Dlood counts 42 
bJ Foukine cornplato blood counts 203 
c o  Sadhni;s.tion rates 1 47 

eo Special aonplsts blood counts 9 
f a  .Incomplete blood counts 4 

do XassorrrPn tes%s 46 

go Termination compleb blood counts 30 

6 ,  For the above mon~hs, 90 rep+% urinslyses were campleted with 
53 initial urirdyass ,  1 special urinelysis, 3 or-ktootatic album3 tes ts ,  

UR 00523 



FROGRAM I c N o  

1NSTRIJMC)GPATION (SPECTROSCOPY, EIECTRON MICROSCOPY, X-RAY AND NUCIEGB 

UDXATION DE'ECTORS , X-RAY DIFFRACTION EZECTRWaCS ) 

A-oblem Code: 

Seation Code2 3110 

I o ~ o l  (Research and Davefopment) 

Back-Scatter from Silver Foi l  Samplest . .  

Backgrounds One method used i n  this laboratory t o  prepare beta 
sample8 for counting involves the distribu$ion of the radioaotivb solution 
on a silver foil i n  the form of  small droplets disposed over a specif ied 
oent ra l  areao These dropls-28 are t h e n  evaporatod with gentle heat from an 
inf'ra-red lamp. 
undqr a t h i n  window, belLQpe oounting tube, 

When dry,, the foil is placed on a brass sample and oountad 
- 

In order t o  obtain absolute a o t l d t y  measurements ' the  geometry end 
absorption o f  t he  aomt ing  tube was determined in the usual manerd 
standard used was a silver ' f o i l  on whioh 1 mg, or' uranium had been plated 
at least two years previousIy, Sinoe after t h i s  interval U 2 3 8 p ' m l o  11x2~ 
and U234 would be present in equilibrium conoentmtions, -ae aan prediat  the 
nunhc of  hard beta dis integrat ions per u n i t  ti- by oounting t h e  alpha 
emission in an a l a  pral le l  plate  aounter, The uranium f o i l  ut18 phoed 
on the beta aounter sample mount and counts were =de p c i t h  an increasing 
nuniber of 2 mil. aluminum f i l t e r  d i s c s  betmeen the f o i l  and the counter 
windm. 
dow thiclcness amd divided by %he t o t a l  number of hard beta dis integra-  
tions per minute as inferred from the& oomt  t o  prim a f igure  for the 

me 

The hard  beta per minute count a s  extrapolatad back t o  zero win- 

tube geometry, 

Similar filter exper imnts  were conducted with the beta isotope foil 
sample, tb activity of ~ h i c h  um desired t o  determine, 
extrapolateid back t o  a no-d.ndow count so tha t  absorption i n  the m i c a  wix-  
daw could be allmed foro 

The  counts were 8 

This method of ca l ibra t ion  did not take into amount  the poas ib i l i ty  
of e. difference i n  the back-eoettsr of t he  uracim betas as. compared eo 
the  back-scatter o f t h e  beta emission t o  be masuredo 
,prlnents t o  be Cesoribsd are un a t tampt  to svaluats back-scatter 8s a 
souroe of. er ror  in such ca l ibra t ion  maasurementso 

Ihe  preliminary ex- 

lkthods 
lucfte cup was mde, 
consis ts  of a bottom por t ion  v;ith a h s e  d a s i g n d  to f i t  in o u r  sample 
holddr supporto 

For use i n  these  experiments n tkln+mffed cy l ind r i ca l ,  
This cup is i l l u s t r a t e d  i n  FiguPs 5 (Fags YI), 

The t o p  outside l u c i t o  ring is designed t o  ba foroed down 

It 
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f lush around the t o p  inside strotoh smoothly a sheet 
of varnished cellophane i n  a fashion similar to t h e  wooden embroidery frame 
technique. 
h g  a cellophane coverad fuoi te  cup of 5 cmo i n s i d e  depth, o f  4,5 cm, in- 
s i d e  diameter, and of 0,3 omo wall thiakness. The cup was designed to t h a t  
when i n  place on the sample holder support of our shielded counting appara- 
tus, the aellophane surface \vas a t  a window distance equivalent to the posi- 
t i o n  of t he  silver f o i l  i n  our usual counting teohnique, 

The 'top inside r i n g  may then be put i n  plaoe on the base form- 

A bmsa plug mas nachined out 80 tha'c i t w o u l d  jut f i l l  the a i r  
space inside the  cup, A 3 milo silver f o i l  was soldered t o  the upper sur- 
faoe of the plug. Pihen the  plug was i n  place i n  the cup, the f o i l  surf'aue 
a p p r o x h t e d  the 1 m r  surface of the cellophane cover, 

The experimental procedure employed m s  t o  remove the  cellophane 
covered top of  t he  cup and'svapowte small droplets of  the beta isotope solu- 
t i o n  d i s t r ibu ted  within a contra1 oiraular  area'on the =der surface of t h e  
cellophaneo 
t h e  silver f o i l  area used f o r  deposit, 

. 
I 

The oircular  a rea  chosen (3  cm, i n  diameter) corresponded t o  

PThen th droplets had completely ewporatod, the top m o  replaoed 
on the oup aftel* having f irs t  removed the brasa plug. 
with a series of aluminum f i l t e r  thlo?mosses from zero thicknosa to 14 milso 
in steps of 2 mils, 
in pl80e i n  th6 oupo 
giving usually straight l ine plots repreaezrthg oonditions of no back-eoafter 
and bok-scatter reapeotivefy, 

C o w t n  wera now mado 

The samo prooedura was repeated with tho braas plug 
These tao set8 of' data were plot ted  on semi-log paper 

The beta emit t ing isotopes so far studied aro UQt Phoopho~w 32, 
Iodine 131, and Iron 59* 

to zero- thicknoss and the r a t i o  of wtal backed count fs air baeked 
oount t ~ a e  calculated giving values a8 f o l l m 8 ~  

Resultsg me data wore in a11 cases exoept Fs 59* s x t m p o b t e d  baok 

a 2  
'3 2 
I131 

Sixo Esta Energy idebl-bscked COU& 
MflEoVo Air-backed Counk 

2 032 
lo72 
060 

107 
107 
104 ' 

Msc*xmion: It Yould, therefore, appear that backscatter under the 
conditions o f  the above masurements is less f o r  soft betas than for hard. 
bstas and that, theroforo,  the betas from UKz are ?lot a su i tab le  reference 
standard for abso2ut3 masuremnts of 1131 beta a c t i v f w  unless R correc- 
t i o n  is applied, 

The second pint of interest in  t h i s  data is the magnitude o f  the baok- 
sca t t e r ,  
p r t e d  &.t; a l a ta -  time, 
n 

fore, the data d id  r o t  plot 2s Q simple straight l im on cerni4ag- ppero 

TheorsticaP considerations deaiing with this point w i l l  be re- 

The iron isotopa contained beta p r t i c l e s  o f  2 rmximm energies end, there-  
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Roblem. Code8 

Seotion Codes 3160 

IoiFol (Research and €bvebopnt )  

Use of the Electron Xioroscope for hst  end Fum Studiess 

Backgromdt The study of plant dusts and rums hlA6 been facil i-  
tated by use of t he  efeatron miorosoops for t h e  msasurement o f  p r t i o l e  
s i z e  and shape, 

mthod: a,, 
by 8 ~ e C ~ ~ O n  micrographyQ 
and metal l ic  fumes such as AI, Zu, 0 % ~ ~  

The speaifio tedmfques uaaor shay men 

'he p r e p r a t i o n  of dust and fme sm;?los t o  be studieil. 
These inolude Bef),, U0z0 UOg a@ bulk Im*;ori&ls . 

bo The d e h c t i o n  and ident i f ica t ion  of EO= of these 

The use of rep l ioa  methods for those materials %at 

mbrials.by e lec t ron 'd i f f rao t ion  ptternso ' 

c o  
al- in the suspension o rd ina r i ly  used in p rep ra t ion  of elecOron mioro- 
graphy speohn .  

for b-md U04 8s  w e l l  a8 for the  common fumes. Severel hmdred 
eleatron miorographs have been made of a large and mried aasortmnt of 
dust8 and f m s  i n  order to catalog their oharac te r i s t ic  appearaxme and 
their idiosyncrasies in the prec ip i ta torso  

f o r  the production.of e lectron d i f f r aa t ion  patterns is just getting started 
and no r e su l t s  w i l l  be reported a t  this timo 

. .  
'Result8 :. ai ,  Sucaessful methods of p r e p r a t i o n  .have been deve'loped 

. -  

bo The modif imtion of  one of  the electron &crbsco&,e. 

06 The use of r ap l ioa  mkhods for sieo measursnt9nt O S .  
dust par t i c l e s  that alump in tb suspenoion mdim h n  proved dishppofnt- 
Ingo 
were i n i t i a l l y  deposited through the polystyreno step t o  the s i l i& f i l m  
whiah is used i n  the eleotron m l ~ r o ~ c o p e ~  
t h i s  bebavior sinae the  nrsterial appeared to b3 f l a t  on the primry glass  
s l i d e  and also on the  electron miorograph, To de t e rzho  ho~i much'of ct. 
third dimension these particles aa tue l lg  had, g o l d  shadw caskings and 
more par t icu lar ly  stereosoopic micrographs =ere madeo 
that instead of R flat f i e ldo  that  which appeared t o  be e- singlo p r t i o l o  
would oikerm be a superimposition of two or more prt ic les  and the  forma- 
t i o n  of irregular chains extending into spnceo 
it beoomes obvious that'a method of rep l ice  proauctioz tkt int.olmx 
pressure woul6 break dam these chains and d i s t o r t  _oartiole .size masure- 
ntents. 
materials was explainedo The comparatively large t h i r d  d-imn8ion e h d  tho 
or ien ta t ion  of these particles Wt have been noted in the stereoscopic 
study indicates that ceution must be.exerciscd in tis neasuremont 02 the 
particle s i ze  and that a largo n d e r  of' NrC;icles rmst ba measured to 
arrive at e. true valueo .  

The naterials frequently t ransfer  from the glass  slid^ on which they 

It nas d i f f i o u l t  t o  eacount for 

This E b d y  rovcaled 

In view of  these ficding5, 

The direct transfer of some mterials instead of the aas$of' t'mas 

1 I' 3 1; 3 L 
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Electron xicrogmp\s of Single  Whole Cells s 

Background; Eosuse  of tn3 desiIu.to sacura oloc t ron  micrographs 
which i n o l u d E s i n g l e  whole cell., the RCA mioroacop had to bs modified, 

- &thocis In order to reduos the mgil i f iwt iorr  Q[ tna order of' several 
hundred times, tho objeotive polo pieoes vmro reaoveb, -Tho objootive aper- 
ture is  aa i n t e g d i  p r t  of t n o  polo pieoo and ito r emova l  rssuits in a 
oonsiderable loss i n  oontrastc The RCA mi&rosoopa her; no provision fo? 
an objective apertura at th9se rrugnif ications 
pole pieoe OSRS oonstruoted i n  the shop wit'n provisions for  munting tho 

'i'hsrofora 6 non-magnetlo 

RssuZtst The resulting piohre8 shqr.r a rorm-loable inoreese in de- 
tail a n i a s t ,  and *his modifier-bion should pay dividsnds in any work 
involving magnifications in t h i s  range 

Further work h s  been done toward eutoradiography using electro-  
statio magnification of the images f o m d ,  Useful baam currents haw been 
obtained, buk becscse of tits insts'bility of the 11;3*tsls used as an active 
cathodo, sufficiently loag oxposures cannot be made at presentb Investi- 
gation of other cathode mke]l*ials is neoessar;yo 
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