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. .. able the 'license; to  prepare 

for the care of employeas, 
e exposed to or injured by * 

r rny posslble ElrcUIRStances. 
~ . . . . . . .  t s  wder 10 CFR 20.403 and are 

fiatcon and (b) requiring 

1 '  . .  

. .  
a .  

;: 
.. 

.' . . .-f . .  . .  
I .  

~ . .  

. .  catlon o f  incidents. . 

._ 

0 .  

Each licensee shall imedlately notify 

telegra h of any incl- 
srion Regjonal Conr- 

._ . .  
materia ! possessed by 

I ... 

I -  . 
- 

I -  

Each licensee shall within 24 
aia AtOatic Ene Cmirsion 

a1 psscrrred by him and whic a dHHx 0-by totap 'Ry one and tela raph 

fuidual t b  5 ms or mre of 
le body o f  any individual t o  
f the feet, ankles, hands or 

centrations Mch,  f f  
rveragfid over a pertad of  24 burs, would ucagad 580 tfwes the l?nttts 
specified for sucb mterials i n  
(3) A loss o f  one dw or mre of 9 he operatlon o f  any facllitins affected; 
or 
(4) Damage to property in  excess of $1,000. 

endix b, Tabh I f ;  or 

* -. 
(cl hny re rt f i l e d  with the Comlttton pursuant to this secfion d i a l 1  

be prepared so t r at  names o f  tndivfdualr t h o  have rcce1v.d expcrscre to ridia- 
tion will be stated in  a separate part o f  the report. 

a .  

* h - ... 
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' Anotf;er definition is as follows: A'radiation accident may be 

daMned as an unforeseen occurrence, either actual or suspected, i n -  
vqlvfng ucporure o f  or contanifhation on or wi thfn  hmans and the 
m v 5 r m u e n t  by ionizing radiation. The accident will be considered as. 

of srckral or %us c W  since it i s  oftan safer and less expensive t o  
put an accideat p M i n t o  operathn when the occurrence is suspected 

'' . 
. .  

.... occurrin over a short ttore parfod o f  seconds up, t o  several days (1). - %is def B nition while lrcklnp tlrr legal aspects points out  the problem 
. . .  

. : .  . .  .. 
. .  . -  

t" . .  

*. ?than after its pmence has been established. 
-.. with the exceptfon o f  transportation accidents i t  is entirely. 

possfble to identify the possible types and sites of accidents depending 
on tb n a t u r c  o f  i h  Pprrrtion. Thus by preplamfng an wropr la te  plan 

. .  can be prepared. Table 1 and the following rults outline this aspect. 
' Rule 1. IDENTIFY ALi RMUTIOH SWRCES. The! mthod o f  evaluatlen bf 
. . - #ra accident plan for a giwn Installation i s  shown i n  table 2. 

. .  
' 

- . .  
1 2. DEVELOP PLAN OF ACTION INTEGRATIM6 RESPQNSIBILITIES OF W E -  .% ,~ #EALTH PJ-fYSZCS AHD HEDICfNE. AlwflFt raAkWED RADIOLOGICAL . .  

. . . . .  SETY OFFXER. fhe wponslbSllttes of slanagrmcnt and health physlcs' . 
. . .  

* ,  . groups are as fol-tqm: . - .  
. . . . . . .  

auxllia. bel for hedical and health p sics teams. 
. .  

Y 2: ' ~ i h  neeastw K: ? S  tan n event of fire and expt,os on. 
.. . .  a. W i s e  A t m c  Energy Cadrsion and local' rafhty and publfc health .- 

authwitieo. 
4. -Wepare tarmediate press, ridio and ttlevtsion bulletins; glving 
5. Alert manuni ty  hoapkal facllftlec as directed by physictan. 

... a r c q s a y  prrrcauffoar and roissurance as indicated.. * 
. . Table 1 . - TYPES' OF ACCIDENTS MCH &N O&R 1 -. ............................ 

~ i t t c r t  assembly.. ............ yes.. .... .; . whim1 .......... 
Rmctor.. ... .;. ................. Yes.. ....... Yes.,. ........... 
Foal element mufacturn... .... Yes... ..,..; Yes. ............. 
Fuel elemant rapmcrsring ...... Yes ......... Yes..... .......... 
kdionucl3de eunufaaturr; pro- Yes. ..... ;., Yes .............. 
Sealed sou,rcm intdst) ....... YH .......... 80 ............... 

. Particle accel-.rrtd~r ......... Yes ......... Yes..., .......... 
Roantm-ray pencraws ....... Y e . .  ....... No.. .... .?. ...... 

. 

. . 
cessfllg, w. 

Srrled.sourcas I leaking].., ... Yes... ...... Yes., ............ 
.................. 

Yes. 
Yet. . - Yes. 
Yes. 
Yes. 

tkl. 
Yes. 
Yes. 
#a. :. '. ... ............ 

- .  . .  
. .  
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. . .  . .  
: . ' I..* 4Ose o f f  radiation area. If contamination is a factrrr, the area 

off a i r  conditioning and venti- 

sum4y1 of ~mtimlnated tndi- 
tion. cater if aeeded. 

mst be sealed. . .  - .  

. . . . . .  . . .  , .  . -  . . . .  
. .  

. '. fori. swey nith inappfng. . 

. . .  . . . .  . .  . .  

. . .  ' .. of pO& fltiids, WiW if indi- 

. . -  : . . . ._ . n .of accident. . -. - 
E TRAIftIISG PlwGRApl WITH PRACTICE AT.LULST'ONCE A. 

. . .  . . . .  . . .  . .  
. . .  . . .  i . .  

, .. : .. . . .  ' .  . . . . . .  .. 
. .  

. . .  
* i . .  ' . .  . .  

.. . .  .. 

. . .  
. .  . .  

... 'I 
. .  

. .  . .  . .  :. 

. . .  . . .  
. . . .  . . . . .  . .  . 

.: .. ..- . _  . .  
OF PREptANIuING FOR k4DfATION A C C l E S  ' . . 

. .  . . . . .  
. ' .  . 
, ._ 

9. . :.. ' . ... - I. Types .of rrdlrtion sources . . -  
x ;. , . .  . .  . .  

.' . 11. k s * l s . o t  radiation 
. as fin- 

b. Cul;(rge : .  
. . 'a. ftya.externa1 source . .. 

b. IkdY8nucJl~de - a i r ,  water, buitdtngs . .  

b. &,her workers . .  
.e. Pullas, firewin, other helpers - 

'. . , .  1 .  

:. . '.. .- - - - ,  e. m 
. . .  . . . . .  . 3. Bwtes ~ o f  dissminatton of radiation - -  . .  .. 

4. ' b?o s OF psB@ls involved . . . . . . . .  
% w e  directly.. Involved { tfre.u(etims ' 4. 

' 

. .  -. - 

. .  . -. 
. .  

. .  . .  -d. 6enera1, pub1 i c . . .  t . ... . 
I s o f a r  as the l icmsee i s  concern& it i s  mcessa~ t o  provtde health . 

levels 
of will be . ' 

In addition, con- 
centers may.be rttatned for certain 

should ba amre of the capabilltles 
Plan (LW) fbr rendering assis- 

p t q w  a4d my be obtained by 

. 

. .  

. .  - 
call ing #e appropriate Regional AEC Complfancc, Offtca. 

... . . .  . .  ; . .  , 

. .  .... . .  
. .  

. *  i ... . '. .. , I  

. . _  . ,  
. r 

~, 
;; I 
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.. 

hysician and other p lan t  personnel must . .  
e physician is only part time. He may be . 

n the case o f  a sutyeon. I t  therefore 
, 

him w i t h  sufficient' infomation concerning 
tion and the particular kinds of  accidents whlch 

he can function effectiuely. I t  4s artic- 
ed working.relatiMnsbip be developed wf!h the 

alists often have far  ore detailed Infor- 
physical and chentical charackristtcs of 

contaminants, about Ic'tabolfc pathways and 
about methods o f  daconbination. Yet 

n is  the only one who can .diagnpse and treat and the 
re aust work i n  r 5ense trnder tke direction of the 

c l p e ~  InterpPrronrl relatiowhi s The health physlcist . 
for proper indoctrination of  &iciars. I t  Is .Impor- 
give proper attantion .to these relatlons. 

. 

. . .  . .  . .  . . -  . I .. . .  . .  
. .  

. .  . .  
f .  :_ 

, .  
. .  

. .  
. .  

. . . .  . .  . . :'. . 
. .  

IMPLE MERGENCY PROCEDURES . .  . 1. Surv and then evacuate possibly exposed personnel from accident area 
. . .  . . .  : , . and 7 g ve,wgent f i r s t  rid., . .  .. . .  

2. Notify: Wica1.- Phone .............. 
Hpalth Pbsics ondustrial Nygiene)'; .Phone' . . . . . . . . . . . . . .  .' . . .  ' 

3. ' Close o f f  radiatton kea.  Tukn off afr'supply.. Seal area ff contam- 
. . . .  . .  lnatfon it Ifkrly. 

traumatic injury and burns. . 
* . . - . 4. Confine md'sbrvry a l l  cont&ittated people. Then. give first aid for.". ~ . -  . - .  . 5. Evaluate situation i n  re ard to: 

. Contawlnati.on by ra d l  onuclides 
Rautm exposure' 
,Leva1 radiatlon cxposure. , _ .  . 

' ?  
6. If contwtnatirrn is present, perform simple decontaminatfon and resurvey 

7. Put  patient to  bed; Do brief physlcal examination. 

8. Save a l l  s lis of clothes, jewelry, blood, urlne, stool, vomitus. Label 

i e. 
. patient. . -  . .  

. .  . 
. . .  

. . .  
wfth name, "g, t me, date. 

. .  
I . .  - .. . -  . . .  . . .  " I  . .  

. . .  .. .. - ' 1  ' . .  
,. , , ' * .  .. 

r~ , -  
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. .  
. _  . . :  

. . . _ '  . . . _ .  . .  frtory of.  accfdent. - . . .  

haspita1 19 expisure of 100 R ' &  more ~s'suspecteci. 

not Excluslvely, for Hadlth Phyricists 

. 

. .  . .. . . . .  
.. 

ea 
. . .  

. . . .  

i f  accident Is sus 
11 perronnel dosfme ers 
1. Read dosfmetars and 
tely t o  a safe area. .. 

.: iological Safety,oificar ~~O'LIII then .activate emergency pian. 
' RUIO 3. close o f f  ia.dfati.on area, Shut off air conditioning. Seal 'area If ' 

.- XSX5minatibn Is l lk ly .  ' W s  step Is mnecessary If the radlation source i s  
.. _. soma o f  X-ray generator, e k .  where no radionuclides are produced.. 

. .  I .. 
*.. . .  .. .. . - _  

.. . .  ..  . . .  valuate sftustfon f n  regard to: . . .  . .  
. .  . .  .- . . .  .. 

.. . . . .  . . .. Extent of wtWnlnation .. b u t e n  expos\rre 
Lev61 6f radiatton exposure ,. .. Contgll(aat1on of  environs . .  . 

. .  

. . .  . ,  I 

. .  
. .  

. .  

. Rule 5. Save a l l  samples o f  clethin blood, urlne, stool, vomitus, Label 
1. _ .  ' . .  -name, date, time. Send f1h k pges for emergency processing by standard 

technique. 

1. 6. Do not release patients to hotpttals before preliminary decontdnat4on. -* fy hospitals before patients aw sent there. 
- Rule 7. It i s  o f m  difficult t o  deternrtne that a cri tfcall ty accident has 

. 
. .  

. .  
* 

occurred. fhe search for neutron induced radlwctfvity of small metal objects 
a t  the accident site i s  valuable. Such objects Illay'pqufre preliofnary de- 
-tam{ nati on. 
le 8. Portabla battery operated tape recorders A11 be very useful'in collect- 

- .  
7 

. 
%and otorln tnforwation and for obtainin a c lote hIstory of the 

.statements avallable i n  an entergcmcy sitlatian. The taped records can be 
typed la ter ,  thus prpvldlng a mare complete histmy of the accident. 

accident. I t  3 s often diff icql t  t o  record a ! %  1 o f  events, opinions and . .  
I 

.' RII t 9.  A mvle c m r a  wlll provlde an excellent lllathod o f  showing exactly what ' 

*-&@hod. If a movie caawa Is not available, suttable still photogrcphs will 
- .  be useful. 

&le 10. In a major accident, managmmant should obtain the aid o f  SO-ldo health 

. .  . -. . _. 
I 

. .. '-%ists on an emr RCY standby basis. These fndividuals can be found In 

i nei boring Instal la t  r ons and will be estenttal for the pmpor handlin o f  the 
8ec ph dent during the flrst kreok, particularly i f  i t  i s  necesstry to car on a 
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. ._ -. .:..' . _  . . t .  Nles P&rily, but  not Exclu$ively, for Physicians . . 

. .  .. 
individuals shall 

. . .  Proper protective 
and treated. If t h i s  

patients may becons 

.- 

'* 

0. shall be aviil able. - 
. . .  Do simple, ilatontaminatfon of patients if ridionuclidac are present. 

=tor should mar coveralls or scrub suit, s49e cowl%, 
4ratory mask as indtcated by initi-a1 survey ba(bra .wrk ng w i t h  

~. 

. .  . :. .. . ~. . . .  _. 

. . .  . .  _ .  . 

. .  
.. 

. 
b l e  4. Put  pattmntr it bed rest. Obtain careful history.' Do brief physical . .  .- . .  examination. ' . . *  ._ . .  .. 
7 M e  5 , Obtain routik blood count. . . . .  - .  , . 

. 
*le 6. Patien&.&th. severe nausea and.v&tlng ._ .. should be hospitalized. 

le 7: No rp@cifi.(tkerrpy is Indfcated for route radjation in ju ry  within the 

le 8. I f  a dme es$hate  of less than .lo0 rad (R) can be estirpited for ce rh in  
' 'Gt fW days bf%W WpOSUm. 

-% n fvidwls, #ey do not require ewargency care . of a major degree. . .  

Indiv4&alr. rrcstvi only external exposure from alpha, beta,. gama .. "... W - r  &diaMos are. ncst rad 7 oactive. . Zndivfduals receiciiag! neutron radiatjon are s l jght ly  radioactive, bu t  
no hazard t o  personnel caring for then. . .-. .... . . .  

Rule 11 m caring for them. The degree of hazard depends upon the level and type 
Indidduals contaminated with rtdtorwclldes prcsent a hazard to per- 

o+ contminatfon. 



.... . . .  . . .  .... . . . . . .  . . .  . . . . .  . . . .  -- . ..: . -  . . .  .... . .: . . . . . . . . . . .  .......... . . . .  . .... ,:. . . . .  .. . ....... ..... . . .  . . . . . . . .  . . . . .  . . . . .  . . . . . . .  . . . . . . .  .: . . , .  ,.: .? - 
............ . . . .  . . , .  . . .  ..... . . . .  ... ........ . . . . .  

.* . '. '- .. : i ,.:, : . . . :  
' ? q k ' . :  : _-. -I: +-. : ;.:. 

.. . ...... . ....... . . . . . . . .  ....... . . .  -,..... . . .  ........... 
.,...- -" : h.  . .  

-..: : .  . . * -  >. . . . .  ,.. . . . . . . . .  .... ....... .. . .  .......... . . . . . . . .  . . i .,: . . . .  . . .  . &..  : I .  e.... .. -: .. ..;:. *, - .; : 7.i. :*:.; I... :'. ; ., :,. jr:. L.' 

-.. . I .... ?: 

. ,  
-. - ' . '  

. : I .  -. . ~ ._ , . .  . .  . .  ' <. . . .  . . . .  : e -  . .  . .  
, .._ : .: .. . . .  .... L/.;; ....: * ,  ~. t .-.; .,.':. <'." .* 

.... 
.. 

.... . .  . -  . . . .  .~ ...... . . .  . .'.. . . . .  . .  . . . . . .  ,-. ._  . . .  . . . .  
... 

. . . . .  
.. : I ' . 

...... ...... ... ..... ..... ... " .._.. ... ...... ... ...... , 

.. 
. .  . .  

. .  
.-. . 

......... - .  ..?!ri.., t '  -. 1. . . * ..... . . .  :+,. . '&idel i nes for Protection of 3loorkers 'Aiding fa  'a  'Radiation . Acclden t . .  . . . . . . . . . . . . . .  .i,... . .' * _  ... ...... far normal pcacctine oprctfcrs .  If these Yalues are 
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i. . .  should be certai5 t h a t  tht atn i s  considered In re- 
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. . .  .. p p ~ ~ c n o t c  .............................................. GL~IDELIHES-FOR w o w i  .. P E A C R ~ ~ O P E B A T I F H ~ ~  
. .  - .  5 - _  . . .  . .  

........ . . . .  . 'Ibxiaum ' . L* L. - : I '  . . . . . . . . . . .  . . .  . . . . . .  mismb" - . . &Xf&lt'''' 
..! ...:. 1. . .  

... 
. , . . _.: 

. . . . . . . . . . .  . .  ...... . . . . . . . . . . .  . . . . . .  ......... . -: . .  .13.raack &so * Yearly Oose Accumulated Dos: . . .  .. ... . .  . . . . . .  .................................. - . .  , . . _ - a .  
.: ._. . ,. . . . .  . . .  . .  . .  . -  . I  . .  ' ._ .. 

,: 
-_ .  -.._ . 
. . . . .  I .  

.. 
. . . .  ..: . '. . , 

.. m:,:. '_ '. rem 
. . ".': 5(~-18) 

. .  . ....... . . :  . .' -yo ' ......... 
.. .......................... . . .  .'.a, 1.: ...*... ; 

. . . . .  ....................... . . . . .  0.5 ......... ' .. population a t  large: 

. .  . .  . :.. . I , .. .: . .  . .  ......... . . . . .  ........... . . . . . . . . .  . . . . .  ._ . .  
A .  

. .  - ..? .. Radiatioo worker: 
............... -.. 3 , 

. -.. . - I -:\ - -. Mhola body, gonadsr blood-foming 
..<:.. -... organs. and Em o f  eye 

. . . .  . .. - .s ................ . . .  
-. . .  SWn o? ttblt body and thyroid.. :: tt0 :- .-:-.: ..::. . 

b n d s  ,and foream; kcad, neck, feet, 
.*.-:. . ..-Y. . . .  . . :  *. . . . . .  ' 2 5  

_.  .rem. . 
. . . . . . . . .  . 8 . :  .. : 

_ .  . 

. . . . . . . .  

. .  . .  . - I . ?., .. 
:- 

. .  
..... .. ........ 

. . . .  ........ . . . . .  I . -  :' 

.- . 
. _ -  , ..: .t . . . .  ... . . . . . .  

. . . . . . . .  .: . . .  . .  
. -. .- , . 

. . -  

. . . . .  - _  . ,  

i..... . . .  1 -  . .............. ."... ..... * ........ , .... 
. _ .  

. . . .  . . . . . .  . . . . .  - . . . . . . . .  . . . .  .;: . ' *. . .  . .  . . . .  
. . :  

..... . . . . . .  _ .  . .  
. .  . .  - . .  

. .  .. . . -  - .. llotts: 
I- in  years and i t 'greater  than 18. . - .  

. .  . r ' 
. -  

the pmvfour ofc tlonal ' exp~ure'  htsto of an Indiddual i s  n o t  
. .- -. .- . .  . 

- . . .. . -  . . . .  shall  be restrkted to i maxim yearly dose of 5 m. 
-- .'.. I -  b - rXposure o f  

Brftnltely krlarm, it.%?l bn assumed that he x as rlraady recefved the . . .  
: * . . :. .: 8, I 

f .  full dose pemittrd by M e . f o m l a ,  S(N-18 . Wsons wha W e  ex osed 
- .  . . . .  . ' .$n rccordrnce with the fomr mxWim $en&rtb)a weekly dose o f  1.3 rem 

md who b#ve.acc@lat'crd a dose higher than that  permitted by .the fonnula . 

timtr fM Wical and dmQl purposes .... i s  not included in t h e . ' .  -. , . .  ' 8  ..... - .-. . 
. aaXIslum prC qribte dose. . -*. . . . . .  

. .  . .  . . .  . .  
.I ..... . . . . . .  . *  . . 

..:.. 

ntr . ' C -  See Am. J. aOamqra01. Rad. Thar; S Muc.-Ebd. 84:152 (l%O). . .  - .  
: I y".. ,I; . . . .  ._  . . .  . ,  . , .' . .  . . _. 

* . .'. : - .:+, 
. *  

. . . .  . .  - 
. -  

~ * . . .  

P An inrtallat!on vi& 1. well' ergantzed. an;? re11 develo i d  industrial 

P 
. .  

* .cdical progrea atready has-sany if not lliost o f  the essentta features a p l i -  - cable to possfble radtatkn injuries. The minous feature o f  radiation s of 
- .  ' course that  i t  i s  net recdily detectabye by husan senses; thus it must be sought 

. . .  by special i n o t r y n t s  or-rme malfunctf-on o f  rqufgment recogntzable In some 
. .  . .  . . .  . . . .  0 .  

. -.. 
. ' .  . e t h e r . w .  . - ._ .; 

. . . .  . -  . . . .  
- _ .  . . a The exposure my be of two types. Rad1attm f& outside'tlte body g i ~ & -  

. . . . .  . . .  . . .  . . .  
.. rfsc t o  various manIfestatictis of the acute,radlation syndme or local or 

. . .  . . . . . .  . . . . .  . . .  . . .  ... 
.. 

. . .  
, .  

. .  
. . .  

. 
. .  - . .  - . .  

.I . ! . ." . . . . .  . . . . . . . .  . . . ... ... , - * .  . - . . . . . . .  
i . . . .  

. , .  . , . '  . _ . _  
. .  

. . . .  ..... . 

_ .  . 
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. .  
. .  

- 
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._  
. .  f 
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' . I  . .  
I . .  

tegtonal acute damage, e.g. to the extremities or face. ' Contamination on or 
. . withhi the  body by radionuclides i s  the second type of exposure. These two 

... types day occur 
, .md a d d e n t  (see abtr 1). Brta n special aspects of these tym are pre- 
* .: * ' ' .  ' rented blow: 

ether i n  varytn proportions depending on the tnstallation 
. . . . .  .' ! 

. .  - . . .  
t"p 

. .  

. . .  
, 1 -  _ .  . . - .  -+sur* k t a :  

. .  . .  . .  
. .  .. .. 

with radiation should have a . 
blood counts, and urfnalysis 

of the institutton; so that, 
as a baseline for future 

any emergency 
. 

ble  of h e  ~hytician: . . -  

. .  W)thfn 30-60 atnutis af ter  notiftcation that an accldant has been 
suspectad, the physician should have been advtyd:  (1) whether the radtation 
exposure has occurredt 4nd (2) whether there is likely t o  be internal de osltion 

htm i n  his furthe lanni . In ahy institution where a health physlcist is 
' anf lab la ,  it dl l  & 7  .hfs uty to provide thts information. In small installa-, 

tions i t ,  k W Job .ot the Radlological Safety Offtcer kho mag, well be the ' 

phpfcian?fo nuwe, dr war~ow tratned i n  englaeerlnp and w1th , .  a knowledge 
of  the operatton of survoy~instwl~ents. 

, 

of radiatfdn as well 8s cmkmal irradiation, etc. This informatlon dl ! a t d  

. . .  
*Trlpge. . .* . 

In oi twt iom where the radiation injury I s  complicated by thermal burns, 
ed 'in rtilitary medicine %% i n  the first few hours . 

fractures, etc. the usual concept o f  triage, as. 
-scat@ catrict hco, must be employed. 

by the Individual cannot otrtained. I t  kpuld be important In the history to  
get fm the worker his location a t  tho tim o f  the accident and somg estimate 
of his scram tie. A t  thfr polnt the nonradtatlon injury should be treated 

.In a suttitble manroer and thi! patient transported to a hospital if necessary. 

o f  Or an in laT acc dent it i s  possf "): le that an estimate of the radiation dose received 

.Bore Estimates: . '  .. f . 
The estimate of the dose t n  the 'vartous types of'acctdents dl1 b e  the 

greatest stngle problem for the physician responstble for atient care. De- . 
pending upon the dose received by various indlvlduals, dec P siont will be made 
such as whether t o  hospitalize patients, whethsr t o  taks them o f f  work or 

. .  . *  
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. .  . 

. .. - .  
. . .  
'utilize their sk.llls i n  helpin' cope w f t h  the. accidits, et& I t  w i l T  be ' 

of rabloactiva nuclih,  fron X-ray uni.ts, blather 
g1-n a rough estimate of %e tir and location .. o f  the individual injured., 

mkiw materials is a)on difficult since it i s  poss ble tha t  the nature of 
. the contaminatfng radfonuclide auy not a t  first be knwm and, furthemre, 

the metz~bolfc pathways of the partttcular substance rnay not be well understood. 

re1aHvely simple to get an es a imte o f  posslble dosage ,from sealed sources 
t # p ~ ~  o f  accelerators. Such dose estimates can wea "pr; y be &e by calculation, 

units and various 

The dose datemfnation i n  accidents involvin contamination w i t h  radio- 9 5r 1' 

The estiwate o f  dose i n  mixed ucternal' and internal accident; i s  diff i -  
cult because there is a pcsttib7e canbinatton of exposure to  neutron, beta and 
mcna rays. This ,problew is grwtfqst (n the~cbse of .a reactor cxposure, par- 
?l cularly i f  there bas ken MI~O type o f  disruption to  the~reactor or i t s  con- 
talnev. Such &e utffsstes require the cooperation o f  skllled reactor 
physfclsts and hhslth physicists for their evaluation. In  general, the more 
complicated the accident, the wre difficult it ~$11  be ' t o  obtain hiphly 

. .  

. .  
* . .  . . rccurate'dosc estlmates. 

I . .  
I . '  . .  - . .  

.. ACUTE RADIATION SYKDRNlE: 

J The n$sf fPqrortant problems in this type of 1nJury are as fo l lok :  
. .  . . .  

1.' Magnosis Estithte of Oose * .. .. . 
- .  . .  

. .  . . .  
I n  the aisence o f  phifcal data' a simple clinical eittmate can be made 

fPom Figure 1 and Table 4 (2). Table 5 gives a stmp1.e schedule of procedures 
to be carried out i n  .the cape of  such patients. . .  

If  neutron exposuk'is susjbcted, a spedmen o f  blood (about' 10 ml) 
should be assayed for radfoactfW Sodlm-24. If present. the health physidst 
wfll be able to quantftate It and tttilaate tito neutron contrfbutfon. 

. .  e .  

-. . ' .  8 
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~ . .  ' *.::..I a. 2. Therapy-- 

, 'The W e n t  o f  ttierapeutic efforts is obviously determined by the - .  
. .  ' ' ' - e p p a d t  extent o f  the ,injury. Sincs these changes unfold only pradually 

better pprt o f  valor to  provide hospi ta l  facilf t ies and sollcitrJus 
ssible-vlctfas until '%he nature and extent of the injury i s  clarified. 
ates sa mucb#awc as the neglect of an tndividual exposed to  radia- 
velops tesfons muoh to the surprise o f  the attending phystclan. 

non-specific and supporttve, i.e, there i s  no . * 

ng on the de rea o f  uqrmura there rsay be serious 

only the hematopotattc aud less likely that the 

.. ' 

. 

CM be a'l"fscted In a positive Illtlwr by thwapautSc efforts. 

. .  

tc, gastrosn e a d c ,  cwdfouucular or cerebral 

v d  wrtdrotss o f  treatment revolve about the follorrlng jttempts: .. 
:. . .  . .  . . :I I .  b v i m m n t  of complete asepsis o f  datfent 

t 2. Prophylacttc ult ibiotic theragy - 
. . .  . .  - .. 3. Borie m t ~ ~ ~ . & a n s f u s i o n  , .  

and pastially proven i n  value. 
ctctaa capabdlittes are readfly 
ftutions, *sterile* roams ( l i f e  

ktnds of tbow trw lantattons and cancer 
. . .  o f  radiation pat P entr. Additlonal in- ! 

! 

3, 4, 5, 6.- . . . . .  . .  i 
i 
1 .  
1 .  . . .  by tanzl 'at .al .  (7). tftase p'aftents requlre expert surgicol care. In many . Such cases tt has pro* vcry difffcult  to estfmte the eventual degree of 

The course.pf &&*high &e i n j u r y  td cxtrersities is well described 
I 
! . 
~- ; . tissue damage from the .earlly'cl'inical' appearance. .. 

-. Mdtamtnattdn:' - 
The pro lset rssosiatad w i t h  rdequate cere of t h i s  type o f  exnosure varies 

greatly depend ! ng an the Ratwe and level of wark tn a ptven installation. The 
prl?lcl a1 points to b m s i & e d  tu  dewloplng a wdi.cal program are outlined 

- *  as fol rp OWL: 
. .  

. .  . .  . .  
.. unldenttfied. . 

.Phydcal ,state - dw, Ziquld, nature o f  solvent 
a. FO~W o f  contwiriint 

&I* Chemical fom of-mtastinant - ionic s ta te ,  valence, solubility, pH . -. 
C. Elapsed time since contiunination . .. . . .  .. 

, .  
.. 
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.. . - .  . _ .  . . .  . D. k d c r  of tndtvtduals contaminated * . .  

. . .  . .  
, . .  

._ . 

.. E. . - .  
* . : _. 

. . .  . .  -- . .  . .  . ._ . . . . . .  
. . . . .  . .  

.. . . .  . .  . . . .  . .  

. .  . . . . . . .  . . . .  
. . . . .  

. . . .  ... . . . .  nds .~ 

mouth, 
- . .  hair, rtc. 
i. . . .- . .  . . . . .  . .  

. .  . . .  
_ .  . 

. . .  .. s 
: . F. d a m t n a t f o n  i n  presence of- 

. . .  
‘.Wound - locatfan, da t h ;  area, vascularity, amount of ttssw’destructfon 
! ~ ~ u 1 a t o r y  or non ulatory . .  . . .  . . .  

. .  ! .. * .  
- .  

a J  - ‘thermal. chemlcal 

of Hound -.mJor, minor, t ingle  or multiple 
... 

. . . .  . .  . . . . . .  
. .  . .  . . .  . .  - . . . .  . .  . . .  

, . ,  
. .  

.. . .  , : . . . .  . .  . .  . .  . .  

. .  

. .  
- -  

- .  

. 6. Enfrance routas o f  radionuclides - 1 Snhalatton 

121 . 5 Contallrlnatiw ,of  wound 

estion . . 

. 4 .Percutaneous absorptfon , . 

Factors Deteruiirfng Effects from Radionuciidas 

. .  
3 /injectton 

. . .  - .. L .. 
- 

f 

... A. Quantlty e n t d n g  body . . . .  . . .  
- .. .. 

. .  . .  
I .  . .  

-, B. k tabo l i c  pattern , . 
. . .  e. 

C. . Radtatton ’charactertrttcs 
Ilrdiatikms produced - alpha, beta, gama 
Decafsdwar and half life , .  

. .  
-. 

. .  Mrsue anforgan suscepttbillty -.the cri t ical  oyans . .  . .  
.. Radirtkm Smdroases t o  be Anttctpated 

A. &uta Radiation Syndwflla - results from relatively massive doses 

.. - B. Chrontc lop[ dose bffects usually af ter  ma 

(e.g. krsh~ll Islrnders) - . .  - fractures, bone 
.. 

* -  

ayr”’” . necrosis, an&{@, cancer (a,$. r a d h  fa palnbrs) 

. Pekmsl kfaflttble to Aid. t Q  Deemtarnination ’ . 
A. . love1 o f  prevtous training 
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. . . .  Duttlnasks . 
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.. A. Locat'ion 
- .  

_ .  
. .  

. . .  .. 
. .  . .  

. .  . .  i - . .  
. .  

. 

D. Efflynt water -,is storage necessary? 

E. Airborne cont&natton - Will it affect ofher at& i n  &e building? 
.- 

. . F. Chemicals . -  1 Previously stock plled and 'familiar t o  pperators , -[2] Procured after a v a n t .  
. . .  . .  . . .  . .  6. floor covering 

. .  
. .  . .  - - .  .... or adhesive tape . . .  

1 . .  .. - -. 
. .  . .  .. . . .  

.. 
.. 

. H. Wical supplies 

smbs. envelopes, test tubes 

I.  Protective coverings . 
. . ' .  

. .  I 

or p h t l c  bags, . .... 
. . .  labels, tags 

. 
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, 

t .  <:. . . .  . . . . .  . .  
. .  

. .  gested Plan of Dacontaaination . . . .  . -  

. .  
. .  . 

._ 

.. 

I 

,. . 

.. 

. 

- 

- .  . . ., . .  . . .  

3 _.  
. .  . .  -h. 6rnss decontacifnation 
. . .  o f  ~conaanrInated clothtng 

urd hmovo1 of contaminated hafr , 

of grsss WOW contatnation , .  

1 .  .. 

. . .  

. . .  
. .  . . . .  . .  . .  

. .  . .  _. 
. .  . . f.. * 

. .  

8. Intermediate I t a  - a t  clean' location- if necessary 
Removal of tr contzunfnated clothlng ' . ~ . .  Further, local ,dQc&taminatian, swabs of body oriflces 
Supportive masuTesD flrst aid . .  

. . . .  
I. 

& 
. .  . .  

.. . _  . *-. 

C. Final stag- 
. 1 Patient discharged 

[21 #ore detfinitivo de 
- .  di+wsary.or bspt 

. . . . .  - .  
. ' .  

. .  
e .. 

utth fresh cldthtn 

. . .  . .  . .  
wntanfnation~ (surg, ! call and other therapy a t  

ta l  - .  . . .  - .  . * -  

. .  .. : j 
3be care of  m d s ' i r  discussed'bi finkel and Hathaway 8). Rkfewnces 

9 -16 . .  provide addltional recent data and background on conk J natton problems. 

Ib s edffc discussion i s  counterr. They are not , . ' 

. . . . .  

aeeded for &l e me+wy , a d  for patlent 
transfer t o  'an W r l a t a  
bu bem coplet&. 

. , W I T A L  PLANS . .  

.'the reluctance or refusal o f  certafn hospltats to adnttt patients wt 

turtace decontpminatlon 

. .  
. .  

A d4rturbing feature of certain licensee accidents i n  part' years has been' 
actual or 

suspected contantination. &I occasion the (nduced radioactivitj o f  [la frm 
acotron exposure bas been Interpreted as serious. contwfnation. These decisfons 

and consequences of contaninatlon. Con- 
W n a t e d  p&t?ents should not be T? rought directly into hospital emergency areas. 
wet dl f f ica l t  as to-the de-, 

Sp&c?al a r r anqkn t s  are requfred'for hospttals' to be prepared adequately 
for the care of sttch patients (16). 

a 
. 

. .  - . . .  
1 .  

&ow Tern Follm-Up . .  
In  amst recorded radiatjon accidents, the degree of actual physical damage 

' h s*ce r t a in ly  been no 
*lain of persistant vague syrpptonls, part cular y of fatfgue and weakness whlch, 
.in our present state of  knowledge, seem out o f  proportion to the o h v f r ~ ~ s  physfcal 
thanges which can be observed. 

a te r  urd, in most cases, less  than rimy injuries from 
wtl the accident vfctim seem to ' " 9 1  . m a d i r t i o n  iRdlrCtrtr 0" aeefdents, Yet f 

. 



. .  

. -  
. .  . ' &cause o f  the lack of knowledge regarding,radiation accidents, and 

4n particular, a& uate thera y of the radiation syndro,w, and also because 
.- . of the. widespread Inteiest. Hhfch has developed because of possl ble somatic 
-and $metic changes induced i n  l i v i n g  tissue by mans of rcdiation, a definlte 
Mng-tena .program of follm-up *ra?y is  advlsable for individuals who have 
bem found t o .% injured by radfatlon. Certainly the patient should be seen - . .. d it&ervals of 3-6 months for a lod of 1-2 years and a t  least  once or . 
should Cnclude atknpts  a t  deteminatiot, o f  radiation levels, i f  there has - .. - - .bm {aternal cinWnlnathn, complete history and physical examination and' * 

di t  la@, aXafh&bn o f  the lares i f  thera has been external beta, gama or  
wutm exposure. Ssrfal obsarvattons of fluctuations i n  caunt and occasional 

. . 

. 

. '  - . 

.. . &tee yearly from then on for an p"' ndcfinite period of time. . Follw-up studles 

_ .  
. , -  . . .  bone llrarrow~ ncay also be o f  value. .. 

. .  .. 

, .  
, .  - 
I .  
I .  

, 

. .  

! 
, .  

. .  
' ta& patikt should be encouraged to report for reevaluation a t  least  

let@ hem ram and urina ysis 

.. . .  
7 and 

should be done. On patfenls with Groups 11, 6pp I? e or  ' I V  s !a ges of the Acute 

-pers.ona physician, who alto ihould be furntshed k r t h  complate raedlcal reports. -.*- 7. 
o f  radiatfon 5uch y cterf.lity, wnettc alinoma'ttties In his c i! tldren and the 

cranlr at t i tude tri "5;: thc patient Is of.great Importance. 

yearly. At t e  vtsits, the phystcian should obtatn a detailed hitito 
prfam (L complete physical extunination. A c 

RwHatkm Syndroam bcnQ wm biopsy should be done a t  intervals of 1-3 yeair. 
. .  ' 

taints sbu ld  be theroughly rtudjed i n  coo ration wi th  the patient's 
. 

. fhe patient will cmtinually be concerned'about the ton -term effects 
.. . - 

. .Mketihood of facraarrd iracidence et: neoplasia and anemia. These roblems . 
rlurultl be dicctfsrert H#I the $Went and his persmal physician, !o nsultatfon 
with radiatlon a , ' Sh6uld~ ba .encouraged and obtajned freely. An open and . 

fhe roper long-ter'slwedical care rogram is obvlously best carried out ' 
i n  institut P ons where e x w l l m t  industrta ? mdlcal dcpartrmts are 1.n existence. 
'1 strong, ne11 organized dcpai.Wnt ufll bo o f  tho greatest econmy and value 

I 
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