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SITE X OPERATING MANUAL 
IIEALTH UZARDS 

Mayo 1943 

The health hazards may be divided roughly into the following groups: 

1) Those due to the various radiations coming from the p i l e  and the sep-' 

ration process operation; 2 )  Radiations Prom the f i s s ion  products and radium 

sources; 3 )  The radiations from uranium whether i n  the form of  pure metal 

or of compounds; '4) The chemical hazards from the use o f  various chemical8 

used in the separation procesag 5 )  The usual plant hazards, This manual is 

concerned mostly with t h e  radiation and chemical hat8rdsJ 

General Considerations 

THE HAZARD FROM RADIATION IS EXTREWLY GREAT RECAUSE TIB RADIATION 

CAIJFIOT BE DETECTED BY AIJY OF THE SEWSES AND a E c m E  THE EFFECTS MY BOT 

BECOm APPA?SBT FOE Y X A X  AFTER THE EXPOSUPS, ADEQVATE PEZOTECTIQN CAN RE 

ASSL2ED BY TFIOFER SflIELDIXG 03 ALL EQUIFIEXTD OBSEKVATIW OF ALL OPERATING 

RULES, AND T I E  COWSTANT L'SE OF RELIADLZ INSTP.IJI&NTS FOR DETECTIXG DANGEROUS 

CONCENTRATIOBS OF aAilIATION, CONSEQUf.;EITLY ALL THOSE IN A SUPEXVISORY 
>.' 

CAPACITY XJST AUIIERE STRICTLY TO THT; OPE'HATING RULES AND SEI!: TINT ALL 



Types of Radiation 

1, Alpha Rays 

Alpha rays a re  the nuclei  of helium atoms ca l led  "rays" vhen 

they are  i n  motion, They may hew, various amounts of energyA 

depending upon t h e i r  sourcea 

these w i l l  be from uranium whether in t he  metallic form or $n cu.; 

of the compounds or isotopes. The alpha p a r t i c l e s  are  re la t ive ly  

A t  Site X the  commonelst source P;r 

heavy and have re la t ive ly  strong chargeso They are therefore 

stopped by a small amount of airo or a very small t h i d h e s s  of 

t i s sue ,  They trt&vel only about two t o  three centimeters in the 

air and penetrate only  about 0-1 mm i n  t i s sueo  consequently they 

are s toppd by the clothing o r  by leather  gloves on the hands, 

2, Beta RayE 

Beta rays are negative electrons,  They are omitted with vary- 

ini; energies from most of the  radioactive materials produced i n  

the  f iss im procesa ma from the  decaying uranium, They are re- 

l a t i v e l y  small paricles with only a siq,le ch6 . rp  and they do 

not ion!.ze to such an extent as the alpha pa r t i c l e s  but  can pene- 

t r a t e  r;ommhat fa r ther  through a i r  and i n to  fissueu 
_.I? 

They a?? a 

serioTAs hazard in  t he  handling of f i s s ion  products and sui table  

protective measures n u s t  be used to guard adainst  dmage., 

I I i 8 4 "i I 
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3, Nuutrons 

Neutrons are mall pa r t i c l e s  of matter with t h e  same mass .B 

a hydrogen nucleusc. They have no free e l e c t r i c  charge, They 

are formed i n  the p i l e  during operation and t he re  i s  a mall 
r 

mount of  continued formation immediately after shuttine d m  

the  p i l e ,  None are present after a r e l a t i v e l y  shor t  shut down 

of the  pile, and none are present i n  t h e  materials in the  sep- 

aration process, nor do m y  come from the uraniun o r  radiuno or  

the  f i ss ion  products, men they have a high energy content 

they can penetrate qu i te  deeply into tissue or  in to  the shield 

around the  pile, %%en they are captured by atomic nuclei, as 

they all eventually are captured by one process o r  anothero 

they may causa the emission o f  high anergy pmnr rays, 

ionizatim which they cause ind i rec t ly  by sett inG charged atomic 

The 

nuclei  i n  moticr., is a w r y  dense type o f  ionization which, as 

will b3 discussed below, is more biologicai ly  e f fec t ive  than any 

of 5he other raciiatioris except t ha t  of alpha rays, .- 
:%en t,-~velin;: with high velocity, they ere known as fast- 

neutrons, but ahei: t h e i r  vslocity ia rsdilcod due to l o s s  of 

f3Aer;y, L; LE;' tire ' h o r n  US slow-neutrons& 

4; Gmmo !lays 

Gamma ~ r y s  arg ??lotons : 5 t h  prac t ica l ly  no mss and varying 

degrees G:' ecsr~];,- Garma rajrs 02 6r.q. energy have msn Greater 

psmritive sower chan m y  02 tlte cthsr rays of the a m 8  csmount 
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of energy, 

uni t  of path o f  the ionieine electrons which they aet  i n  motion, 

Henceo gama rays are t he  pr incipal  radiat ion that is used hwn 

radiumo 

The ionization they produce is r e l a t ive ly  low per 

Their behavior i s  much b e t t e r  known than that of uly of 

the other radiat ions and shielding against  them is understood 

thoroughly., 

Measurament of Exposwe 

C h q s s  produced i n  t h e  human bouy by radiat ion are the r e su l t  of t he  

transf'erenca of the energy of the radia+,ion to t h e  materials making up the 

htar,an body, 

the atoms within the body, therefore  from the biological standpoint w e  are 

in te res ted  i n  the energy absorbed from a bean of  radiat ion a t  a given place 

in  a given tine, and not i n  t h e  total flux of energy i n  t h a t  beam of radiation, 

A meamre of the e n e r a  absorbed can be o b t a i m d  by measuring the  ionization 

produced, I t  is n o t  as y e t  2ossible to measure the ionization produced in a 

s o l i d  tissueo hence it is necossarjr t o  measura the ionizat ion in terns of  that 

prodcced i n  ti Given ar?,ount of air o r  gas; Since medical men und b io logis t s  are 

in te res ted  primarily i n  x-rays  ant! ~mmaorays and since the absorption o f  these 

The p r i n c i p i  mathod o f  t r a n s f e r r i q  th is  energy is by ionising 

rays iG apprcxirnoteXy -':he um.e per anit  of mass (no t  per  u n i t  of volume) in air 

ani i n  tiS8ilf3, tha un;t GL' . , 'x~az~, i 'e  hau bean defined in t o m s  of a i r  ionization,: 

The unit i s  called a " i c ~ a ~ 3 3 n "  and is ;lasignatad by ths  symbol "rn0 h f i n i t i o n  

i s$  

assoc ia ted  c o r p u s c ~ l e r  m i s o i o n  !)st- 0 C0!233 ppuna of air produces, in air ,  ions 

carrying one ESd cf ?cantity of  s l a c t r h c ~ ~  c f  a i t h u r  s i p , "  The specified 

"A roentgen shall be t.?e quantity a f  I o r  & m a  radiat ion scch that khe 
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rno~s~ 0,001293 gram, is the mass of  one cubic centimeter of  dry atmospheric 

a i r  a t  0 deGrees Centigrrde, and 760 centimeters 1%. pressure. Mote figain 

that t h i s  i s  not a measure of' the  number of photons passing through a given 

mass o f  airy nor of the energy of the photons but only of the energy absorbed- 

Note also that it i s  not a measure of  r a t e -  

is expressed i n  roentgens per unit of t h e ,  

I 

The dose rate or  exposure rate 

Kote that &en an atan is singlTionieed,  two e l e c t r i c a l l y  charged 

e n t i t i e s  are produced: 1) tne electron t h a t  is e jec ted  from t h e  atom (the alee? 

tron is sometimes called a negative ion)  and 2) the remainder of the aton, 

which is the posi t ive iony when thsss ion pai rs  are produced i n  the space 

between the plates ecross which there is  n difference of  potent ia l ,  t he  alec, 

t r o n s  are a t t rnc tad  t o  t he  posi t ive p l a t e  ana t!ie 2ositive ions are a t t rac ted  

to t h e  nezativet plate 

nec5ssary only to y.eR81ji-Q a t o t a l  charge i n  a l s c t r o s t a t i c  units of the ions 

o f  3ithor sign- To neasure t h e  roentgen absclxtely rsquirss the use of a ? n e  

a i r  i m i z a t i o n  chmn'tcr, %ut these arb bulky m a  dir'fietidt to n a n q s  and so are 

Accordind to the  def in i t ion  of tho roontgeno it  is 

k e p t  in special  places, sucli-irs t h o  Burenu of Stmt?dards at 

t i c a l ,  ;nore portable w.its can be mads m d  standsrdized by 

%:?--e .;i,andarci zhanbcr 

In p-ac-cl:.s it 1s cc:mon tr, - i s @  a c!:kbI,j chmber  

'Ashington, Prnc .. 

c oinpar is on with 
Ld 

atfach-sd tc a c m -  

chamber I s  l i n e d  



the electrodes before they recoabino anu the difference of' potential licross 

the electroscope consequently dcsreuses, 

its position, The scale provided i s  calibrated in roentgens, 

pcssible to rneaaure the number of  roen-t$ens in my measured interval 06 t h e ;  

dividing the t o t a l  nuribor o f  roentgens measured by the number of minutes of 

expo~ure gives the exposure Fate of roen5;enc per ziinute, 

This causes the fiber to change 

It io theremra 

Since each ion curies a def in i te  charge it is possible to St8tO the 

number of roentgens i n  the numbor of ion pnirs formad i n  0,001293 gram of 

air, Thus, one roantpn equals 2,08 x lo9 icn pairs  per 0,001293 grams of 

air- This i s  equivalent to  1-61 x 1OI2 ion pnirs per gram, 

r o q h l y  3% e lsc t ron V o l t 5  to producs oriu ion pa i r ,  therefore the energy 

abmrhad per graq of ~ i r  per roentzon equals 5,,3 I 

84 srzs ,  

as a ;ram of tissue it i s  posslbla t c z  d i i - a c t l y  compare tlzo two 3:ibstances as 

to energy absorbed; 

Since it takas 

electron volts, or 

Sinco a l ; r a m  of a i r  absorbs essent ia l ly  ths sane amount of energy 

Beta Ray GeasureIcants 

S i x e  the i o n i z a t i o n  prcducad by p!mtons d p m - r a y s  o r  x-rays is 
>- 

largely produced by the s e c m d n r j  sleztrons. m6 the beta rays are electrons, 

i t  is possijle TO masnra tSe loii i :at ion produced by prirmry beta rays in 

rt~i??f;ens provided tiis iri3,trmeot ;s ;,rc;;erly cs l ibratad , 

F%t ??ftL'tf-SX '23*S51:'fsl!Bll39 

Thorn is IS ;.rt Z J  mi:: CGY t ' ib  .nsaaurt?csnt of f a s t  nelltrons 

-- 
G i t h  

'CP, r ~ y ;  ?' s '2iolc;ical intorsst centers 

on $he, ene : -~?  zbsor5eri ' x  . -lex is s ;i ;e:' -1oiLie i f f i~ s .3e . .  T h s  prxess  by 
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mhich the energy of neutrons i s  transferred to substances differs considerably 

from that for gma-rays.  

the density of the  tissue; with neutrons ray8 it is  dependent upon the atomic 

Tiit'n gvma-rays the absorption i s  dependent upon 

ccmposition of the tissue, that i s  the e lmanta  making up the tissue, 

is, therefore, not t h e  sane direct relationship between absorption in  air snd 

that in body t issue as there exists between rir ma body tissue for prima 

rays, 

There 

Consequently, the measurement of neutrons by their ionizinG effects 

on air cannot be translatad directly to t i ssueo  

for comparison o f  exposure, biologists  in  t h i s  ccuntry ham set up an arbitrary 

m i t  known as the "Neutror- unit" ana abbreviated as "ntr3 A nactron u n i t  is  

that amoimt of neutron radiation which ;;rodxes -h a 100 r condensew chamber 

of tho standard Victoreen conder.wr r metar t3e sarne anlount of ionicatfor, 

In ordor t o  have a un i t  

; n i t s  i n s t end  of resntgen units,. Tn t a r m  of .the effect produced on human 

skill,  it has been round t h & L  1 neut ron  u n i t  o f  aqosu re  produces about the 

3cmo affect  as somtmhero :m%veen 6 and 13 roentgenso For purposos'bf protec- 

tion against t'ne ilrizards o f  oxpo3ure to neutron rays,  it s e e m  best to  consider 

+,-la'; the affect or' 1 zeutror, iAqi.5 is aqci-mlmt to 3.0 r 0 3 r ; t ~ s ~ ~  cf prma=raysQ 

This factor of' 1 t o  10 does not ::orrespon,.i -Lo t h e  airect  relationship 



Tolerance Exposure 

Tolerance exposures or tolerance dose as comaonly u o d o  is t h a t  amount 

o f  i r r ad ia t ion  which can be received over the  en t i r e  body day i n  and dry out 

throughout a life time without producing subjective o r  objective signs of' 

radiat ion damage, 

in each 24 hours, 

It is uaurlly expressed as the amount t h a t  cmn be received 

Since most mrkerrr are exposed for  only e ight  hours a 

day, it is common t o  express it i n  so many units per 8-hour day, but it must 

be thoroughly understood t h a t  such expression means 3 hours out  of each 24, 

In other  words, it i s  not  possible t0 repeat the dcse i n  successive %hour 

par.iods if the worker is required t o  work more than 8 hours p r  day, It is, 

therefore, best t o  think of' the t o l s r s n c s  dose IS t h a t  anour,t of i r r ad ia t ion  

which can be remiTed e.t any t i n e  during one 21 liour period, but not repeated 

1Jnti.l the next 24 b o w  period,  

The tolerance Lose f o r  t o t a l  body rariiatior, is based largaly on the 

ef rec t  produced on ths blood forr.ic; prni.ts ot' the bodyo If a l l  of the  blood 
- 

forzing areas cculd  bo gathor3.d i n t o  ono cc., precmaiily .1 r to tliak area 



the tolerance dose ?or x- o r  gamma-rays of 0,1 r per dayo 

they state on page 10 of l€andbook $20 as f o l ~ o w s :  

IioweverD 

"The tolerance dose of  Oal r per day, stated above, is 

provisional, and it is advieable t o  apply generous 

safety factors ,"  

For t h i s  reasono it ha8 been deemed advisable t o  bui ld  i n  protection 

measures i n  fixed in s t a l l a t ions  whe:?sver possible so as t o  have the 

. in tensi ty  such tha t  t h e  operating personnel ge t  no more than 0,Ol r 

in any 24 hour period, 

the tolerance dose 'is %he assumed insujlcraa that can be endured without 

effects, and it is not  t o  be taken as t h e  optLmm t o  which one shculd 

attempt t o  exposo oneself., 

It mus t  be con t im~a l ly  borne i n  mind t h a t  

This less e a o s u r e  anyone can get, the 

b e t t s r  it is f o r  him, 

Daily expcsurns of personnel in  excds3 of  the tolerance level, should 

be permittod only i n  case of e x t ~ m e  emeirgency and then only with csreikl ex- 
.. 

posure moasurmants and nod?&d control, _.- 
Xoutron Tolerance Zxposure 

Sime as explained above -1eutro-i recliritions are more e f ' f e c t i ~ e  i n  

causing biclcgica? changes, m d  since 1 ncu-;ron does not  maan the  



Beta Tolerance 

. Since the exposure o f  t h e  body as a whole to beta-rays hrs  not 

previously been any problem, tolerance exposures for beta rays h8ve 

not  been established, 

as gammcbrays since they do not  penetrate very deeply into the body 

and so do not e f f e c t  the tissues other  than those 01080 to the 8urfacs0 

I t  i s  possible that they m e  not ES s f f so t ive  

Howevero f o r  purposes of safety, the  tolerance dose of beta-rays when 

they e f feo t  the whole body has been set a t  0,l r per dayo While thie  

f igure  may be subject  to var ia t ions  as experience i a  gained, f t  muat 

be accepted as the  safety standard for operating conditions, 

Tolerance Bposure for Local Areas 

In the handling of' radioactiva rnrrteriale such as uranium,, radium, and 

fission products, it is poseible t o  expose loca l  oreas such as the  hands. 

without having any great t o t a l  bo&j exposure., The in t ens i ty  of any radiation 

varies inversely a s  t he  square o f  the distance, thus a hand at one centimeter 

from a source of i r r ad ia t ion  T i l l  ge t  10,000 times as much i r rad ia t ion  as a body 

one meter from the  sourcec 

body exposure but  the local ezpoaure t o  any p r t  tha t  approaches the  radio- 

act ive sourceJ 

Hame one must always consider not  only the  total 

In  considering tlm m o u n t  tha t  a local %-ea can stand, it must be borne 

always i n  mind t h a t  t h 3  effect to tha whole body is simply the  addi t ive e f f eo t  

of exposing each par t  of  'the body, 

It is well known ma-; d i f f e ren t  t fzsws ot the body respond d i f fe ren t ly  

t o  the s m a  amount or' razciLstion, The skin and tfssues d i rec t ly  Seneath the 

~ i - 7  i lot  3s s s n ~ i t L n e  YO Srradia%inn as are 7-0 blocd forming organs, ?b 
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toleranoe dose for hands o r  othar  l oca l  area8 of the body has been oetablitlhed 

by any National o r  International committee, On the  other hand, it i s  w0Z1 

known t h a t  a great  many radiun and x-ray workers have l o s t  f ingers,  handa and 

ann8 after many years of over-exposkg these par t s  without developtng any 

general body symptoms from t o t a l  body rad ia t ionu  Sonotimas the  changes ini- 

tiated i n  the  hands from chronic x-ray or  radiun exposures have resu l ted  in  

the  formation of cancers which have brough'i about the death of the individual,: 

. Although it is possibls that the skin of the hands may t o l e r a t e  82. exposure 

In excess of 0,1 r per dayo it seems best t o  es t sb l i sh  a t o l e r m c s  dose of 

.1 r per day for  the hands as w e l l  a8 for the t o t a l  body exposures, unti l  we 

have evidence t o  t h e  contraryo 

Individual Tarlation i n  Radiosensitivity 

There 3rd a i s t inc2  p r s o n a l  sariatroils i n  tho rad iosens i t iv i ty  of tke 

mocgst; $113 personnel at S i t e  X sone w,.Z 5 a  round rfhose blood will show a>- 

normal f lcctuat ions when a x p x e d  t o  tho ;o-oollad tolsrnnce dosec This must 

ba tnken in td  eolsidsi-&ticn and sac5 individual0 rmorsa from rad ia t ion  

1, TotaP Body - - 
The f i T s t  detectabls s ign  car aver-oxposurs t o  any total body 



blood changes are found the person must be removed from exposure 

and observed by t he  medical staff to see what f u r t h e r  developments 

will occurv Nith minor ov~r-exposures~ the blood may return t o  

normal end the pa t i en t  be able t o  return t o  mrk, 

exposures the person may have t o  be rercoved entLrely'from rad ia t ion  

f o r  a long period of timeo i f  no t  for the rest of h i s  l i fe ,  i n  order 

t o  re-establ ish as nearly norma1,conditions 18 possible, 

a person is known t o  receive an over-exposureo he should be s e n t  

immediately to the  Medical Department for mediate and continuod 

obssrvatfon, 

I llFith.more ser ious 

Whenever 

The f i r s t  symptom that a person observes of over-exposure is e 

f e e l i n g  of general  t i redness ,  More sorious over-expcsure w i l l  re- 

s u l t  in nausea and still grea ter  expcsura &I continued wpi t ing :  

2, Over-emosura to 'Local Areas 

The first sign of gross omr-exposure t o  the hands is a redness 
) 

around the  n a i l  beas, Later signs are dry skin, b r i t t l e  and 

r i d p i  nailsp loss of  hair on f i n z e r s  ana hands, overgrowth of  
.. - 

chrunic  - 2 ~ e ~  5'req~sntl.j~ the change; jp on over a period of 

yrtrrs 50 a davslo-pent cf C S ~ C Q C  of tne hands;, 

3, Effsc-ts on T~~sstos  and Cvariss - 
S t e r i l k q  i;; th3 loss o r  a b i l i t y  to Izava chilciren, It r e su l t s  
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these e f f ec t s  requires r e l a t ive ly  large doses of radiation, 

ovaries are more eaa i ly  effected than the testes, but  they require 

a minimum of 200 roentgenso and i n  younger women frequently require 

much larger doseso 

tolerance dose can produce s t e r i l i t y  even after a long period of 

yearsr- 

exposureo s t e r i l i t y  is not a prablem at Sits X, 

The 

There is no evidence tha t  dosas up to the 

nonce except i n  case of accirdent with very severe over- 

Impotence is the  i n a b i l i t y  to oornplete the sexual act ,  There i 8  

no evidence that any dose of radiat ion shor t  of a killing dose 

br iags ab0 ut impotencyo 

Genetic s f f e c t s  are those on the gem Elam which produce 

changes i n  the offsprings 

scm invertebrates that genetic a f f ec t s  can be produced w i t h  re- 

latively smsll doses of r ca i a t ion ,  m such changes have been observed 

i n  hmans with sxpc;uc.c 2-k %:is t o l e r n x e  lt3V91, and t h e m  is 

ccnsidersbls dolibt is <-a -,;?ether k.37 such changss havs bw.2  prs- 

ducod ev?n w i t i i  larZsi- cio::eso IIwroTzcr, it m s t  be b o n e  in mind 

thst genat ic  effecxs 91'63 thought t o  be cumu1a'cive, t h a t  is, the  

5 ~ ~ 4 s  r ecs imd  3f; succossivs days c ~ i i  bo addad i7.p to ca lcu la te  the 

total dose :hac Inight e r ' l e c t  t h s  genu piasr:! and, so produce genetic 

aff'zctz, 

%:le there is evidence in insec ts  and 

This is M aiirsd r~"u8oc Scr trseplng t h o  sxpooure n o t  on:y 
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. Cxaminations f o r  Radiation Zffects 

%bile some of' the  

manual, it must be r m m b e r e d  

and yet extremely important, 

consis ts  of epeoially t ra ined 

of fac t s  of radiat ion have bean described i n  t h i s  

that t h e  early signa are difficult to'detsat 

For this reason the ldedioal Staff et Sf to  X 

physicians able t o  de tec t  such changeso All. 

of the  psrso&el w i l l  be expected t o  go through pre=amployment exraninations 

of ra ther  dotai led nature and routine re-examinations w i l l  be established 

and it is the  duty o f  every supervisor t o  see that t h e  men under hie aare  

are sent f o r  these examinatiane a t  the regular intervals. 

All persons hroing a h i s t w y  of over-exposure t o  radiat ion at any time 

prior t o  thdir emplopens; should be excluded from anplopant  in posi t ions 

-exposure t o  reaiat ion e t  S i t e  X, u n t i l  it can be established de f in i t e ly  

that they have no pers l s ten t  chazgesfrom their previous ~xpos .ures ,~  

Rhan the  routine blood exanimiticns show changasir, the blood pic ture  

of my porson, t h a t  person mist 5,  r m o ~ e d  from radistion exposure u n t i l  the 

Medical S t d f  is convinced t h a t  his c!imps are not due t o  radiation, o r  

x-til they ham returned to nxnaL _I-- 

Any person shoiving ;me,+ained fatigue or loss of weight, or  nausea 

should ks rsfarzsd b m c d i a t d y  to ths  !;:dical DOpsrbLent, 

All person i . o m  50 :lave OVPT- sxposure should be re far red  immediately 
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The hand8 and other are- possibly exposed to local  radiation 

w i l l  be carefully watched on the periodic examinations by the Medical Staff, 

Any cl-1ar4y notes in Cha hands by the person himself, or by his supervisor 

ahould be a reason f o r  reforring him to the Medical Department even betneon 

the periodic exminations 

Handling of Radium Sources 

Radiun sources varying from several micrograms t o  2 grams are used 

experimentally i n  one way or  amther0 

personnelo 

hence without proper shielding a person within an effective range of the 

Th0y constitute a definite hazard to 

A radium source is a constant emitter of gamma radiation, and 

BOWCO i s  exposed to radiation, Proper shielding of a sowc0 whsn it i s  no* 

in use is thus imperative, Lead ani! diotence are the  b o  factorsp which used 

in adequate mountso  give the desired protection, 

The larger source8 (500 3g1s o r  more) are each provided-with a 

lead c a r t  f o r  safe ty  in t r m s p c r t ~ t i o r ,  and t o  redt;cs t he  distance requirement 

for storage, The thickness til: ths l e n d  shielding or' the car5 ( 2 s  inG) does 



To reduce orhG3.e .~O&J exposure fn the handling of B sourceo a meter 

length metal rod is provided for attaclrmgnt to t b  sourceo The rod should 

be used a t  right angles to tho body to koar; the maximum distance away f r o m  

the sourceu 

before he romo~as it from -&e lead container,, so that no t h e  i e  lost in 

manipulationI 

One should know exact ly  what he is going to do with 8 source 

- 
In a group using BL source that requires frequent manipulation, 

t h e  job of transferring the  sowca  should ?m rotated to reduce individual  

exposure, 

should make certain tnat ha i s  properfl; shislded from the B O U T C ~  if he p l u s  

Once the source is in i t s  sqerixmntal position the experimentor 

to stay i n  its vicinity. .  

Gunaged skin of the  hexis of many r ~ ~ 5 - m  mrkers is evidence that zloses hand- 
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Animal experiments i n  uranium t o x i c i w  are being done with various 

uranian ccmpomds and f o r  dii'f'erent, portals of entry, In the meantime8 measures 

should be adopted to:  

1, Elbnicste possibilities of ingestion o r  irhalation of uranium 

salts o r  the r e t a l l i c  dust, 

Keep the hands Cree fram contamination by the salts,, and 2, 

par t i cu la r ly  the n i t r a t e ;  

Examination f o r  wmiw t ox ic i ty  a t  the  present time includm 

(1) urindysis and (2) kidney function tests wher? indicated; (3) qua l i t a t ive  

and quant i ta t ive anaylstss f o r  mlsrcgram mounts os" uraniui  i n  the winst. 

Treakont  of uranium p o i ~ o n i a g  is not  ~;.alL established, 

poisoned wouid be treated as a cas0 OF nephri t is ,  

A parson so 

Trcsabent is best done 



comercia1 leather glove rsducca the exposure by only; *cr 2#$;k 

The ,,02'' A i  coating reduces the  exposure to .-.m r/hr.:, 

There is no reason not t o  wear the protective lead leather 

gLovas even in handling coatad m e t a l . ,  

2, Storage af Metal 

Parkerr.5~ neasursmentv bring out that for any surface of 

metal stored ia the 314 inch mod boxes, the gamma and be% 

radiation exposure at  any distance does not exceed ,..@a r/8 hours.. 

Additional protection is unnecosawy. As a matter of plaw.ing 

it W G U ~ ~  b z  prefersbla tz dse a room Po- storage which i s  c o t  



Introduction -- 
2ke dangers of radioactive i:ig2zr::u1O in.troduced i n t o  the body are fairly 

v d l  known, B n y  deuths h v e  occurr5ii in people whc, w h i l e  workily; with 

radium, kave gradually accumulated sr;:nl:C mounts which becam loca l i zed  i n  t h o  

devaloptd lun& tumora rcsul:;ir?< in d e r t h ,  I.Io-e recan-kly both c l in i ca l  and 

e x p r i r n e n t a l  evidence ~ F . S  azcunda tad  to dernon.st,rate tha t  radioactive materfalz 



In this equation M is the energy of tho emitted particle, in million 

slcctron--vol%s and 9 is the mass (voluxe) of boCy tissue in which a l l  the 
__1 il__. 



ovtrexpos*~ro to radiation .IS? : . , c x r ~  Ir, the gut.,, in the lungs and in tho 

tissue o r  tissues i n  ;r.hic!i t i le mts:=i 3.1 is deposited and concontratod, The 

repains at the point in cpca t ic r . ,  



amount tbs3.5 quantity which will not sxceed the safe i r r ad ia t ion  dose to any 
tissue, whether it be guto lung, bone, etcc In  the following table are l i s t e d  

the tolerance amounts f o r  ingestion or inhalat ion,  a d  the maxin,um permissible 

concentrations i n  air  that can be breathed without exceeding the tolerance 

concentrations i n  one o r  another tissuae 

Tolerable amount k. Conc, V C / ~  
in/uC, to be taken - Once hours per days 

t o  be inhaled for 8 

Mater iaL One day Drtily 

Xixed Svmlhwed (a) 300 (B)I I, .O(B)'  cp u 

Strontium Swallmed (c) 70 (B>I 1.0 (BIl 0 c 

Iodine Swall otved ( 6 )  135  IT)^ 1,2 (a i3 n 7: 

(200 days I 0,9 Mev) 
InhnPed (b) 4,4 (L)l 0,015(L)1 0,0309 0,,000003(L)L 

(55 days, 0,6 Mev] Izhalod (b) 6,s (1,);. 0BC8(L)1 0,0014 0,0GQO16(L)a 

( 8  days ', 0,15 Eilat) 
Inhaled (d )  155 ( T i 2  1;2 (TI3 0,028 0,0003 (TI3 

Xenon 



*?-toms of over-exposure 

S i p s  andspplxxno of overdosage may not appear for months o r  years after 

If the bone tolerance I s  exceeded we m s y  expect chr?i;es i n  tho tho exposurec 

blood picture within a m t t e r  of hours,  as discussed i n  tho  foregoiw sect ionn 

Gut and iune; overexposure do not iinmediately inanifest thomselves, but may 

result in tumors a f t s r  long expsure t o  a n o m t s  only s l i z h t l y  above the 

tolerance lovol 

Detection of Internal Fission Products - 
Over-exposure to fkssioi p r ~ d i i c t s  can be detected physically in at Least; 

t;vo ivays: 

ewtw!imtiion ivlch a Geiger counter of par-zs of Zihe body f o r  p m ~ =  radiation,, 

which is cr'tesn associatied with beta- rediatior,  and perhaps bg aczivity of 

by ex~nizaz ion  of 5x1 s r c r a h  fcr radioactive illaterial, (and) by 



Following is a brief smmry of the  p r inc ipa l  chemical hazards which will 

, exist in the operation of %he plant, 

basis for preliminary education and for tho ordering of necessary protective 

equipmento Additions will. be mado as soon 8 s  modifioations in chemical pro- 

It will 8crve in a general nay as 8. 

cedures ws decided upon, 

Grauhits 

Respirators should be worn wiiere the  mount of the dust in the air is 

of tha airv 



the maxirnun concentration a t  the grounu -Nil1 be about 10 p a r t s  per million 

of airs which is a safe I ~ v c ? ~ , .  

be exceeded and it i s  sfiticipatod Lhat nettsurcments will be made t o  determine 

the  maximum concentration, 

the pa t i en t  usually haz H warning in tha t  tbere is severe i r r i t a t i o n  .Lo the 

noss and throat and upper res2 i ra tory  passages, 

with NIlRCrUS funds, due to its re lat ive inso lubi l i ty ,  the  damage being mainly 

Xovrmtr, w l t h  a low wind velocity, t h i s  nay 

81hilc N I i ' i i I C  acid fumes &re dangerous to life, 

This warning is not present  

to the lung tissue itself i n  a manner similar t o  that of the war cas phosgene, 

Cccasiomliy an individual i s  apparencly a l l e r g i c  t o  n i t rous  fumes. Such 

individuals may ds-crelop a s t h a t i c - l i k e  attacks on exposure t o  very much less 

concentration of gas than :,hat zo le ra t5a  5: %lie average individual,  E-jcr, ;\%&A 

considerable exposure, tho employee nay have no distressing signs or s y n p t m  

for several hourso hlmonar j  o s d s ~ ~  nay tihen develop rap id ly  and end fatally, 

msloyee si iodd be sent 2% onse $0 the medical division where hc w i l l  be plac6a 

dnder observation, C ~ r s i s t e ~  gas n&s should be w e d  in case cf 9,ner~;ency 

conditions, 

The f m c s  f'ron aulpbi~.ir.ic a z i d  should 'ce considered in the same category 

usad I n  _;ar.dlZng n i t r i c  ac id  should be ussd i:: haniiiEg sulphuric ac:id, In 



t5orouKh orrashin? with  watero 

dapurtment 

The pacient should then be sent to the medical - 
Showers should be immediately availabio 

Eydrofluoric acid,  

This produc6s eryt;lierna, vesiculation, doe? and progressive destruction 

of the t i s sues ,  suppuration and slovdy ilealing u l ce r sc  The gas is very 

soluble and inhalation produces severe i r r i t a t i o n  of the nose, th roa t  und 

upper respiratory passages, Y.cnming therefore  is sufficient so that the 

operator m e d i a t e l y  leaves the ex2osed ares. and the d m g e  t o  the l m g  

tissue, therefore is minimal ,., 

A deposit  of hydrofluoric w i d  beneath t h e  f'inccr nails is perticularly 

prtinful, ?ithen h jd ro f iuo r i c  acid ccces in contact w5th the skin,  rapid t raat-  

nent Lqi t t i  a neu t ra l i z ing  uintzent, containing magnesium oxide is essential, 

" h i s  s2ecial oixtnent for 4ydrofluor2.c aCid bums should be available near tlia 



c 

acid and SO it is necessary to use rubber glc~ves i n  I-andling it. 

Barium Nitrate 

Barim is a -very toxic chsnical., The soluble h a r i m  salts and the 

carbonate and sulphide are su f f i c i en t ly  aljsorbod from the alirnentnry canal 

to produce fatal- effects, The sulphato which is usod i n  roentgen work is 



Tilo c h r m c s s  :;~oailce A rgtfier charac te r i s t ic  nephritis and arc said t o  

prodicce a &rcosuria, 

m d  nephritis i n  o m  t o  forty-eight, hoursc, 

Taken 5y mouth the chrmatets produce corrosive effects 

Sy-qtcns begin with sore t h r o a t ,  

voa i t ing  diarrhea, a lbux imr ia  and hematuria,. Nervous qmptoma develop 

Blood preasurs is low,, he:liorrf;agc?a into the gastro-inzastiral t r a c t  occur5 Less 

than .5 gram of po-Lsssium dichromate m y  causa sever3 poisoning and the fstal 

handling t h i s  material should be advised of its hazardous nature and t h ~ t  even 

small doses nay ?rove ,tRtal. GZovos should be worn and care should be use<', in 

washing the  hands before eating:, 

enf orcad c1 

Good housekeeping and cleanliness should. be 

Zirconim ii i trete 

quantities, lk Edr.4 in h r s o n ,  1,sttuctor i3 Chemistry a t  the University of 

tcxic  Pty, ..- 
It r r r i l l  prabably be sat isfactory to handle t h i s  material in 8 mmer sinil-ar 

t o  t ha t  of Irmtbnum r i i i on im nitrate, using m b b r  gloves to protec5 the har,ds 

Any uinusual reactions obsarmd should be reported -, 

.Anmonitrm r,orsulfate 

T h i s  13 a pwerfu!. oxidizing ageiii;, Ingastion of' even ami1 moun%s 
- 

should bs avoided, (;loves should I.(? .;sed i n  hafidlj.ng t h e  nateritii., Totassim 



This compound decomposes in cold mtero Aa handled no special precautions 

need be taken except the wearing QP glove8 to prevent contamination of sores or 

abrasions with t h i s  mtsrinl as i3ismuth might be absorbed i n  t h i s  way and cause 

ser ious  chronic toxic ofi"ect8, Precaut ions should be taken to prevent inges%ion, 

Arsenous acid 

&senj.j compounds a m  very coxic m d  are absorbed even through the in tac t  

skin, The arsenous compxnds ar3 more toxic  than the screda compounds, They 

are general protoplasmic poi.sons. 

Arsenous oxide m y  be harmful in amounts greater than 5 milligrams by 

moutho Antidotes a m  of doutzfu l  valua, Care should be used tn handling the  

material Go minimizs skin contact and the chance of ingestion. Gloves should 

be worn, protective cloths :r-cpz clean and hands should be washed before m a l a r  

Phosphoric acid 

This should be handled i n  tho s m e  nanner as the other  acids dasscrfb?6.. 

The above covers the nore p o b a b l c  ckmical compounds which may be h n d l o d  in 

bulk fomc 

FISSION rROIXJCTS A_. 

It is  conceivable that i n  norkizg on p i p  lines, mpai r  of cen'crii'ugas, 
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quantities of material at the cells, or O V ~ R  larger quantities of material in 

the v ~ s t c  disposal system, Antimony fluoride would be extremly irritating 

to the  skin even i n  minute quantitios,, Gloves should be worn and coverail 

clothing, t o  prevent c c n t d n a t i o a  of hands o r  clothirig,, 

Krypton and Xenon,3 These are rare, inert gases alrd so require no 

fur ther  consideration, 

Lanthanum, Praseodymium, Neodynim m a  Yt-tsicu;l,J are rare earth metals 

whose pharmacological and c b m i c a l  prGpertias are very similar to t‘ncse of 

aluminum, 

- 

Their chlorides p r e c i p i t a t e  p-otein and are therefore m-tringenl; 

and axtiseptic, ,  Their insoluble salts such 8 6  the oxalate are prac t ica l ly  

non-toxic by mouth, even in -the enomGus dose a f  50 gram per dog, There 

d iould  be absolu-kely no dmgsr f r o m  these chemicals in the  smli qi:antities 

t o x i c  and Ln cilv.te s o l u t i o n s  fi-l;tl? i3 absorbed, i)bviocsly it would be, 

.. 
. .  ~, . . . .  

,. . . ,  , . . - . .  - .- - . ~. . 
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Molybdenum 18 not fixed in any of %he paraohymatous organ8 and is 

rapidly excreted in the urine, Its only e f f ec t  found t o  date i e  hf luencs 

on the coagulation and sedimentation rate of the blood, 

from the Bureau of b a s  gives no reference to toxicological propertfes, 

A comprehensive repor t  

Antimony, There i s  some difference in  opinion regarding t h e  t o x i c i t y  of 

antimonyo Schnunpf and Zabel report i l lnes s  in type foundry workera but it is 

possible that the trouble might not have been due t o  antimony but t o  fead 

which was also presento 

toxicity although ?is experience has been fa i r ly  comprehensiw, 

the small quantities han6lsd under our ccnditions there is nothing t o  worry 

about 

Johnson states he has n e w r  observed a case of antimony 

Obvfously in 

Tslluriun, %-.a toxic  action of tellurium is sjmilar to that of iroi-g;enic 

arsenic, especially the toxic effects  oi? the capillaries, Eowuver, tellurium 

is less t o x i c  'teing r ap id ly  reduced to the mtalli.= state, Tho nost outssanding 

ef fects  are su2p-ession of sweat a ~ d  a very p e r s l s t m t  garlic odor,, especially 

. of the  braat:? due tc th? aethyl . t ;e l lsr ido,  Contsct even in mall. quatiitis8 should 

absorbed t,hrough the  skiii,  

C;a,-lic odor of the 'i;rem,ki wb~cf? ;nay p r a i s t  fsr rnor,ths an3 should such a= odcr Le 

Evn:i ninu%a abscrpt5.m results in a very unpleasant 
_. -\ 

I 1  1 8 5 0 1  



r 

Cerium.3 Millions of pounds of %his material have bean handled at - 
Linsey Light w i t h  no precautions and t h y  state  tha t  to the i r  knmdedi;a no 

toxic a f f e c t s  have e v ~ r  been obsermdo 


