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IN!fEODUCTION 

The publ ic i ty  given t o  nuclear detonations and the associated radioactive 

f a l l o u t  hss made the general public conscious of nuclear radiation. 

consequence, n111pbrou~ investigations have been i n i t i a t e d  in the  f i e l d  of 

radioactive contamination, One auch atudy that has received coneiderable 

a t ten t ion  is the  world wide StrontiM1-90 buildup and t he  potent ia l  health 

hazard t? personnel'. 

qui te  the  publicity,has been the accumulation of very fine part iculate  f i s e ion  

As a 

Another area t ha t  has a t t rac ted  at tent ion,  but not 

facoduct debris in the  stratosphere. It is this B O Z F C ~  of contaminal$.on t h a t  

contributes t o  the buildup of radioactive debris on 1st a i r o r a f t  that rout inely 

f l y  above the tropopause. 

The Air Force first became aware of this problem i n  conjunction with a 

monitoring program esi;ablished t o  determine the radiat ion exposure t o  pereonnel 

working on aircraft that were contaminated during the course of penetrating 

newly formed nuclear clouds. The aubject a i r c r a f t  w e r e  a par t  of a great  number 

that were undergoing tr major modification program. Although the radiat ion 

monitoring program wa13 originated because of the presence of contamination on 

a i r c r a f t  t h a t  had been flown through nuclear clouds i n  the course of a specif ic  

mission, the monitoriing proceduree w e r e  practiced on a l l  a i r c r a f t  involved i n  

the modification program. Thus it was discovered t h a t  contamination on a i r c r a f t  

that had not penetrated nuclear clouds existed. 

I n  view of the  existence of t h i s  stratospheric reservoir of contamination, 

and the frequency with which A i r  Force a i r c r a f t  operate a t  these a l t i tudes ,  it 

was deemed advisable t o  conduct an extensive atudy t o  determine the  extent of 

tha contamination problem, the  character is t ics  of the contamination, and t o  
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in te rpre t  t h e  radiat ion levels observed i n  terms of an exposure problem t o  

pert3onnel 

Permissible Levels of Contamination. As of t h i s  date there 3.8 no 

specific @dance published i n  t he  form of a National Bureau BanBbook 

t ha t  is d i r ec t ly  applicable t o  interpret ing the significance of radiation 

exposure t o  personnel from res idua l  f i s s ion  product debris  found on laetariel. 

However, there are  recalmmended limits and general procedures t o  be followed 

t h a t  a re  outlined by the National Cormnittee on Radiation Frotection(NCRP), 

They are presented i n  publications such as: 

Handbook (NBS) &2, n14aximm Permissible Amounts of Radioisotopes in t he  

Human Body and Maximum Permissible Concentrations i n  Air and Water“; 

National Bureau of Standards 

M #59, “Permia8ibh ]Dose from External Sources of  Ionizing Radiation“; 

and an addendum t o  XhS Handbook #59, “Maximum Permissible Radiation Ex- 

posure t o  Man”. 

Using these recognized documents a s  a basis of departtxPa, @de l i nee  

were constructed for acceptable l eve l s  of external rad ia t ion  (I), and 

permissible a i r  and waiter concentration (2)v Figures 1 and 2 define 

limits for external exposure as  a function of the age of the debris 

for the uncontrolled and controlled* areas. In  calculating the  data for 

- 
Wontrolled Area - A defined area i n  which the occupational exposure 

of personnel t o  radiat ion o r  t o  radioactive material is under the  super- 

vision of an individual i n  charge of radiat ion protection, 

shall be considered a s  uncontrolled as far a s  radiat ion exposure is concerned. 

A l l  other areas 
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the  curves the following c r i t e r i a  are consideredx the age of the f i ss ion  

product debris and i t s  r a t e  of decay; the exposure t o  the whole body sMn 

a s  the Maximum Permissible Dose (MPD) a s  defined by the NCRP; and the 

beta-gamma survey t o  be conducted a t  1 inch from the surface of the con- 

taminated i t e m  using a Geiger-Wller type survey instrument, 

It w i l l  be observed tha t  the limits as shown on Figures 1 and 2 vary 

with the age .of the ’contaminant ra ther  than being expressed as  fixed 

values. 

number of isotopes of .aarying half-lives. 

decaying very rapidly and the integrated dose delivered over a given period 

is considerably less than fo r  older debris of comparable intensi ty ,  

This procedure i s  necessary since the debris is a composite of a 

When the  debris is young, it is 

There are  a number of methods fo r  estimating the  age of the contam- 

inatLon. 

the age of t h e  contaminant i s  t o  assume t h a t  a l l  the a c t i v i t y  is  associated 

with the debris from the most recent nuclear t e s t  series wherever it may 

have been carried out. 

and Safety Laboratory employs t h i s  method i n  t h e i r  radioactive f a l lou t  

s tudies  (3),. 

One of the simplest and most expedient methods of determining 

The United S ta tes  Atomic Energy Commission Health 

A more precise method of estimating the age of t h e  contam- 

inat ion i s  based on the theoret ical  decay r a t e  of t-lo2. 

graph of the relationehip of the time in te rva l  (At) between two aucoessive 

a c t i v i t y  measurements and the age of tho f i s s ion  products a t  t he  time of 

the i n i t i a l  measurements (tl) (l)* 

dividing the ac t iv i ty  reading taken a t  the end of the time in te rva l  ( t2)  

by the ac t iv i ty  taken a t  the beginning of the time in te rva l  (tl)* 

Figure 3 i8 a 

The parameter “fW is obtained by 

From 

5 

DOE ARCHIVES 



6 
li 3 4 9 9 5 4  

-! 
4 0  

1 

DOE ARCHNES 



the  graph, using the parameters 

determined f o r  the  t h e  the i n i t i a l  measumment was taken. 

f i s s ion  product age determination consist of somewhat involved chemical, gamma 

spectrographic, or mais spectrographic analysis 

t and f ,  the age of the  f i s s ion  products i f 3  

Other means of 

The exposure limits recommended by the NCRP f a l l  i n to  several  categories. 

There a re  those l imi t s  sat up for  the occupationally exposed, a somewhat 

se lec t  group i n  t h a t  ‘individuals presumably of the greatest  suscept ib i l i ty  

(3.. e., in fan ts  and children) are  not included, 

general under Borne forni of radiation control and frequently work i n  an area 

tha t  i s  considered controlled. 

the skin of the  whole body of theae pereonnel i s  equal t o  10 times the number 

of years beyond the age 18, provided no annual increment exceeds 30 rem. 

The average MPD is expeased by the following formula: 

These personnel a re  i n  

The Maximum Permissible Dose (MPD) i n  r e m  t o  

MPD = 10 (N-18) rem 

where N is the age i n  years of the exposed personnel and i s  greater 

than 18. One other s t ipulat ion is t h a t  the dose t o  the  skin i n  any 13 weeks 

shal l  not exceed 6 remo 

Figure 1 is so construed tha t  if the dose r a t e s  measured on a given item 

do not exceed the  lsvsls fo r  a given ago of f i ss ion  product contamination (e, g., 

100 mad/hr f o r  10 day old debris), a worker may work on the  item f o r  40 hours 

per week without exceeding his Maximum Permfssible Dose (whole body) f o r  con- 

t ro l led  areas of e i ther  6 red13 week or 10 rem/year, 

For individuals t ha t  ape not under radiation control, t h e  recommendation 

of the NCRP are t h a t  the levels should be readjusted downward, With t h i s  
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downward adjustment, tho r i s k  t o  the individual is  negligible s o  t h a t  small 

t rans ien t  deviations from the  proscribed levels a re  unimportant, This 

downward adjustment for  individuals outside the controlled area shall be 

such t h a t  it is improba'blr, t h a t  any individual w i l l  receive a dose of more 

than 1/10 t h a t  prescribed by the  limits s e t  fo r  the controlled areas.  

Figure 2 s e t s  f o r t h  l i m i t s  f o r  uncontrolled areas, Using these guide l ines ,  

personnel may be i n  the presence of t h e  contaminated material  continuously, 

U, hours per day, 7 days per week, and not receive more than 1 rem whole 

body dose t o  the skin i n  one year. , T h i s  compares t o  an average na tura l  

background rad ia t ion  of .15 roentgen per year, 

As previously mentioned the  monitoring techniques t o  be followed 

require t ha t  the  survey be made w i t h  a G-Mtype survey instrument and 

measuring the beta-gama radiat ion a t  approximately one inch from the  sur- 

face of t he  item suspcited or being contaminated, T h i s  procedure will 

insure t h a t  nei ther  the! skin nor t h e  whole body w i l l  receive exceasiva 

exposure. 

e r a l  rad ia t ion  level if: a number of contaminated items are stored together. 

Furthemare,, there  w i l l  bm no s ignif icant  increase i n  t h e  gen- 

I n  addition t o  tho external radiat ion exposure problem, there  i s  a l so  

the  poss ib i l i ty  of intrsrnal exposure v ia  the uptake of f i s s i o n  product 

debris e i the r  by inhalation or ingestion. 

The control  of t h e  in t e rna l  dose is achieved by l imit ing the  body 

burden of t he  mixture of the  radioisotopes found i n  the contaminant. 

This i s  again a function of the age of t he  debris, 

such t h a t  'they are coneistent w i t h  those suggested f o r  external  exposure 

levels. 

The guide l inea  are 
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Figures f+ and 5 give the permissible limits for  contaminated a i r  and 

water i n  terms of d i s in tegra t ions  per minute per cubic meter (dpn&) of 

a i r  and d&a3 of water as a function of the age of the f i s s i o n  product 

debris. These guide lines a r e  applicable to the uncontrolled s i tua t ions  

and as such it is impc&able t h a t  any individual would receive more than 

1/10 the permissible Itwe1 of t ha t  establiahed for the  controlled area. 

As In the case of the  @de liners kor the external radiat ion problem, the  

guide l i n e s  i n  Figures 4 and 5 r e f l e c t  the varying isotopic  compasition 

of the contaminant with age, the c r i t i c a l  body organ, and the maXirmrm 

permissible average concentrations of the individual radionuclides in 

a i r  and water as given i n  the  forthcoming revision of NBS Handbook #52 ( 4 ) .  

A t o t a l  of 70 radioactfve isotopes were considered i n  the construction 

of these curves. 

age of the contaminant, is  1 day old and more than 98% of tho isotopes 

when the con tMnun t  is 2.13 days old o r  more. 

Thir accounts for 95% of the isotopes present when the 

Twelve possible c r i t i c a l  

organs were considered i n  the  determination of the l4aXirmrm Permissible 

Activity. Since the IWA far t he  lung and the gastrointest inal  t r a c t  is 

affectsd by the chemical form of the  radioactive material, MPAe were 

calculated for each of these urgans for both soluble and insoluble cham- 

i c a l  forms. 

insoluble materM4, the  lower MPA for the completely insoluble contaminant 

was used i n  the constzuctlon of the curves where tho lung and gastrointes- 

t inal  t r a c t  are the  cwitical organs. The gastrointest inal  t r a c t  is the  

c r i t i c a l  organ f o r  fission debrie of an age less than 2.8 days, thyroid 

t o  3.5 days, lungs t o  38.5 days and bone from 38.5 days on. 

Although t he  contaminant i s  comprissd 09 both soluble and 

9 
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The e v a l u r t i o n  of ‘the magnitude of a i rborne  contamination under a given 

set of circumstances is r e l a t ive ly  s h p l e .  

taking a i r  samples i n  the immediate v i c i n i t y  of t h t  breathing zone of the 

This can be accomplished by 

individual conoerntd, counting the sample and comparing the r e s u l t s  with 

the guidance given i n  Figure 4. 

In  s i tua t ions  where a i r  sampling is not feas ib le  because of lack of 

equipment or other reasons, p-ocedures have been employed t o  nzake a rough 

approximation of t h e  potent ia l  airborne concentration by making a measure 

of the removable contaminatbn uskg the  swipe sampling technique. 

l a t i o n  of this method with the  a i r  sampling technique has not been too 

sat isfactory.  

Figure 6, dp/150 an2 o’s tibe Age of the Fission Product Debris, 

c r i t e r i a  as used in ar r iv ing  a t  the values for  permissible a i r  and vrrter 

concentrat ims and a meuspension fac tor  approldmately of lo4 are fol- 

Come- 

Ths g u i d n  Pines t o  be employed in t h i s  method a re  ghown $n 

The S ~ B M  

lowed i n  es tabl ishing t h i s  curve. 

The in te rpre ta t ion  of measurements made in an attempt t o  evaluate 

the magnitads of t he  poten t ia l  ingestion hazard from f i s s i o n  product 

debris  i s  not SIP readijty accomplished, 

forward situatgron €.e tis% wherein conbminated water Pe of concern. 

One r a t h e r  simple and s t r a igh t  

In 

this situa%f.on, Iru>nita:ing of representative samples of water a t  t h e  

point of re lease  i n t o  imcontrolled areas is the most desirable. Guidance 

fo r  t h i s  problem i s  given i n  Figure 5 ,  however, there is  a more common 

s i tua t ion  i n  which ingestion of f i s s ion  product debris  is l ikely t o  

occur. That i s  i n  the  course of t ransferr ing the removable contamination 

from the surface of th’a item of concern t o  the hand, then t o  t he  mouth 

12 
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through smoking or eating, and f i n a l l y  i n t o  the body via t h e  gastro- 

i n t e s t i n a l  t r a c t .  Figure 6 may be used i n  evaluating t h i s  potential. 

route of in te rna l  exposure also. 

Relative Contribution of External and Internal  Radiation Exposure 

from Fission Product Debris on Aircraft ,  

which extended over a two year period was i n i t i a t e d  during the Atomic 

Test Series of 1956, ' Operation Redwing and continued through t h e  Nevada 

Test Series of 1957, Operation Plumbbob . The primary purpose of t h i s  

research pr.ogram was t o  determine the r e l a t i v e  and absolute hazards 

associated w i t h  service! work on a i r c r a f t  t ha t  had been contaminated with 

radioactive f i s s i o n  product nuclides. 

i n i t i a t ed ,  there were la rge  areas of uncertainty i n  the r e l a t i v e  contri-  

butions of ingestion, inhalat ion and external radiat ion for workers on 

a contaminated a i r c r a f t .  The basic s tudies  were: 

An extensive research program 

5 

A t  the time the project was 

(1) Complete a i r c r a f t  and engine survey for  r e l a t i v e  and absolute 

a c t i v i t i e s  of alpha, beta  and ganrtpa radiat ion,  

(2) Air sampling which re la ted  the concentration of the radio- 

nuclides i n  the a i r  t o  beta-gamma f i e l d s  and levels of removable surface 

contamination. 

(3) Swipe sampling wbioh re la ted  the  concentration of removable 

ac t iv i ty  t o  the beta-gamma f i e lds ,  

( 4 )  The deterralsation of the contribution t o  the total dose of 

radiat ion exposure f r o m  t h e  external f i e l d ,  the  airborne contamination, 

and the  removable oontamination t o  personnel working on t h e  contaminated 

a i r c r a f t  . 
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To evaluate any of the radiological  hazards wi th  reference t o  a i rcraf t  

maintenance men, it i s  necessary t o  know i n  some d e t a i l  the var ia t ion of t he  

rad ia t ion  in t ens i ty  a t  various posit ions on and i n  the a i r c r a f t  and its 

engines. 

a i r c r a f t  t h a t  had penetriated newly formed nuclear clouds, 

of the contaminated a i r c r a f t  show the f i s s ion  poduc t  debris and associated 

Thus extensive be t a -gam and gamma surveys were carr ied out on 

Autoradiographa 

ca r r i e r  t o  be finely'divided and ra ther  uniformly dist r ibuted over a given 

smoothe area. Maximum concentrations are noted on areas of impaction such 

as the leading edge of ithe wing or on rough surfaces where screws, latches, 

or i n s e t s  or crevices ex ie t ,  These var ia t ions  are i l l u s t r a t e d  i n  Figure8 7 

and 8 ,  Table I is  derived from t h e  data collected from the external 

radiat ion measurement program and gives t h e  normal d is t r ibu t ion  of radio- 

a c t i v i t y  on the surface of an a i r c r a f t  t h a t  has flown through an atomic 

cloud. 

The gamma data a re  not par t icu lar ly  useful f o r  comparison of r e l a t i v e  

surface contamination in d i f f e ren t  parts but do indicate the general l e v e l  

of radiat ion whioh w i l l .  be received by a workman i n  t h a t  area,  The beta 

measurements are more  useful for t he  surface survey and i l l u e t r a t e  a wide 

var ia t ion i n  the contamination l eve l s  over the a i r c ra f t .  The maximmn 

range of a c t i v i t i e s  appear t o  be about a f ac to r  of 1OOOfrom the exhaust 

cone and turbine blades of the engine t o  the  cockpit and other sealed 

cornpartmonte. 

general, the leve ls  of contamination ranged from 1000 units f o r  the turbine 

blade section; 100 for areas  of impingement such as the  leading edge of the  

wing, nose, d o ;  10 for the  s ides  of t h e  fuaelage; t o  1 f o r  the cockpit and 

other sealed compartments, 

Supficient data now erds te  t o  be able  t o  s t a t e  t ha t ,  i n  

On the basis  of these data, it is possible t o  

1 5  
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TABU3 I 

Xorml Variation of Radiation Level on Contarninatcd A i r c r a f t  
(Relative values i n  m/hr) 

Surface Contamination Gamnta Field 
Po s i  ti on 

Mose 
Leading edge of w i i  outboard 
Leading edge of wing inboard 
Nose of t i p  tank 
Side fuseloge near wine 
Cockpit 
Fuselage 
Leading edge horizontal s tab i l izer  
Wheel and.Whee1 Well 
Star ter  hub 
Top of wing outboard 
Top of wing over engine 
Just  inside ta i lp ipe  
Bomb bay l i p  

After engine demmnted 

engine well i n  w i n g  
exhaust stac:k i n  wing 
exhaust cone! nngine 
rotor  and s t a to r  blades engine 
ex tor im engine surface 

beta a t  1" 

150 
100 
150 
100 
40 
1 
5 

LG 
1 

200 
10 
100 
300 
100 

20 
1000 
1000 
1000 

50 

a t  In 

15 
20 
35 
10 
35 
10 
5 
8 
35 
30 
10 
30 
30 
30 

20 
100 
3.00 
100 
100 
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FIGURE 7 .  DISTRIBUTION OF FISSION FRAGMENT DEBRIS ON LATCHES 
AND SCREW HEADS 
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estimate with reasonable accuracy t h e  entire contamination problem of an 

a i r c r a f t  by a survey of a representative area. 

wing i s  suggested a s  it i s  readi ly  accessible and presents t he  opportunity 

f o r  a number of measurements t o  es tab l i sh  a r e l i ab le  measurement, 

The leading edge of the  

In  order t o  compare the potent ia l  in te rna l  exposure l eve l s  w i t h  the  

external rad ia t ion  f i e l d  both inhalation and ingestion s tudies  were per- 

formed. Aix samples'weat taken in the immediate v i c i n i t y  of t h e  a i r c r a f t  

and downwind from a group of highly contaminated a i r c r a f t  during the  pr- 

iod of the beta-gamma ~rurveys. 

breathing zones of t he  personnel during routine inspections and overhaul 

of the a i r c r a f t  which included the removal of t h e  engines. 

Sampling was a l so  carr ied out i n  the 

Millipore 

f i l t e r s  and pumps were used for these measurements. 

An extensive study was made of the  contribution of the removable 

a c t i v i t y  t o  the  airborne exposure problem as well as the  uptake of t he  

contaminant via t r a n s f s r  from the  a i r c r a f t  t o  hands of the mechanic and 

then t o  c igare t tes  or bread that he might handle with h i s  contaminated 

hands. 

the  a i r  a c t i v i t y  t o  th4a swipe varied tremendously. 

most par t  t o  the f a c t  ,that the a i r  samples represent the  concentration 

of the  contaminant i n  the general v i c in i ty  of t h e  sampling, whereas the  

swipe l eve ls  apply t o  e very l imited area. 

borne contamination t o  surface contamination i s  approximately 5 x 

which is  i n  general agreement with other research e f f o r t s  i n  t h i s  area (6,7),  

In evaluating the  ingestion problem resu l t ing  from the  t ransfer  of 

removable surface contamination from the a i r c r a f t  t o  the man via  hands, 

As might be expected Prom what was stated e a r l i e r ,  t he  r a t i o  of 

T h i s  is  due for the  

However, the  r a t i o  of the  a i r -  
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bread, and/or cigaret tes ,  personnel rubbed t he i r  hands vigorously on the  

contaminated surfaces then handled bread or c igaret tes ,  In  general, the  

maximum level t h a t  could be t ransferred from t he  a i r c r a f t  t o  the  hands 

were on the  order of' 396 t o  40$ of that  measured on the  a i r c r a f t  surface. 

of this, only 15% t o  2q6 was traneferred t o  the  bread and a t  most 55 t o  

the cigaret tes .  

possible e f f o r t  was &do t o  maximi2e the  extent of t ransfer  of t he  con- 

It should be emphasized tha t  in this inatance every 

taminant. 

contaxhated surface and t h e  c iga re t t e s  individually ro l led  between the 

hands. 

of this amount. 

For example, the hand was vigorously rubbed on the f resh ly  

Ordinary t ransfer  would not be expected t o  give more than 1/10 

In order t o  obtain a d i r e c t  empirical measure of the radiat ion dose 

t o  a i r c r a f t  maintenance personnel who performed varioue operations on the 

contaminated a i ro ra f t ,  f i l m  badge dosimetry, pocket dosimetry, and M o -  

log ica l  sampling were employed. 

badge readings with the  dosea estimated f romthe  measured gamma f i e l d s  

around the  a i r c r a f t .  It, a l so  permitted a cmpariaon of the  actual quent5ty 

of radioisotopss inhaled and/or ingested and tha t  predicted by a i r  sampling 

and t h e  t ransfer  experiments, 

This made it possible t o  compare the film 

Using these exper&hental date,  it vas then possible t o  assess t h e  

r e l a t ive  importance of the external,  and the inhalation and ingestion 

hazard as w e l l  as the  tlotal dosage t o  personuel working i n  a given radiat ion 

environment, A portion of t h i s  data i s  summarized i n  Table 11. 
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TABLE If 

- Coinparison of Air Concentration with Gamma Field 

-~ 

Location 

u w  
In Nacelle 

3amp Bkgrd 

lnside Cockpit 

2.5' from l e f t  Nacelle 

Deep i n  airscoop 

2' from wing root  

Base of Engine 

Background 

Horizontal s tab i l izer  

Engine Intake 

Exhaust cone 

Compress or section 

A i r  Cond. well 

Engine during r e i n s t a l l ,  
a t ion  

ield 
?/hr 

500 

25 

320 

400 

800 

170 

100 

17 

20 

70 

130 

$0 

90 

60 

I 
Air Level I 

Total Beta 
dpdm3 

935,000 

7,300 

45,000 

39,000 

110,000 

2,400 

600 

22 f 000 

500 

800 

% MPA ( a i r )  

1.9 x Id 
2'5 x' Id 
4,2 x Id 

6.5 x I d  
3 2.8 x 10 

5 103 

1.6 103 

4.4 x 102 

2.5 103 

3 x Id 
9 x 102 

2*4  x i o  
1.2 x 104 

2 

3 1.1 x 10 
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The conclusion t h a t  can be drawn from Table I1 is  t h a t  whether on 

the ramp o r  i n  the hangar, t he  poten t ia l  external radiat ion hazard w i l l  

be on the order of a fac tor  of 100 or more greater than the inhalation 

hazard. Pract ical ly ,  therefore,  i n  t he  case of a i r c r a f t  contaminated in 

f l i g h t  by mixed f i s s i o n  prochcts, the inhalat ion hazard may be dime- 

garded . 
A similar summa+y is included i n  Table 111 to illustrate the re- 

l a t i o n  between the  fngerstion problem and the  external gamma f ie ld .  

A study of these data reveals t h a t  the external  radiat ion hazard 

i s  a t  l e a s t  a fac tor  of 100, and on occasion approximately 1000 times 

more signif icant  than t h e  po ten t ia l  ingest ion hazara. 

compiled on the basis of crew members with f resh ly  contaminated hands 

handlhg  bread prior  t o  eating it. 

de tcrdned  i n  the case of handling c igare t tes ,  the contribution v i a  

ingestion muld  have been reduced by a t  least another fac tor  of ten, 

These data were 

Had the  t ransfer  f igures  been 

The findings discussed above as to t h e  r e l a t i v e  contributidn of 

the  tota l  dose from the!.exbernal f i e l d  t o  t h a t  contributed via  inhalation 

or ingestion aro i n  keeping with the  results of other w o r k  of t h i s  type. 

For example the Rongelqp Ihtives received approximately 17% sxterna l  

gamma radiation dom ye!t analyses of human excretion 

ths in te rna l  body burdm was below peacetime tolerance levels f o r  a l l  

isotopes except I3l and Sr 89 . (8) In  s p i t e  of the  r e l a t ive ly  unsanitary 

way of l i f e  of those natives,  the external  radiat ion dose was the con- 

t r o l l i n g  factor by f a r ,  

ind%atud that 

22 
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Location 

Nose Area 

Engine 

Engine 

T W  111 

- Conparison of Ingestion Hazard and Gamma Field 

26 

50 

10 

25 

25 

25 

Total  dpm 
beta ingested 

1.4 105 

5.6 105 

2.1 105 
6 1.2 x 10 

1.3 105 

4 x 1& 
5 

5 
4.3 x 10 

3 4  x 10 

2.1 105 

f * l l  
% MPA (Inrr) - 

8.8 x lo2 
2 

291 x 10 

2.8 x 102 

6,3 x 10. 

5.7 x 18 

6.7 x 102 

1.3 x 102 

1.6 x 102 
2.6 x 10 2 
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The above work may be surnmarized%y s ta t ing  t h a t  t h e  rad ia t ion  ex- 

posure t o  maintenance personnel who must work on a i r o r a f t  aontaminated 

with mixed f i s s i o n  protliicts ean ba adequately defined by a survey of the  

beta-gamma f i e l d  i n  which they work and w i l l  be the dominant contributor 

t o  the t o t a l  dose over inhalat ion and/or ingestion by a factor  of 100 or 

more. 

Aircraft  Contamination from Rasidual StratosDheric Nuclear WeaDon 

Debris. The previous scsction was directed toward the r e l a t i v e  contribu- 

t ions  of external  and in t e rna l  sources of radiat ion t o  the t o t s 1  &so. 

It i s  reemphasized that-this work was carried out on rcla'tively higw 

contaminated a i r c r a f t  that  would be encountered only d u r h g  nuclear %e& 

operations or wartime conditions. However, the r e l a t ive  significance 

should be equally applicable t o  a i r c r a f t  Contaminated t o  a l e s se r  degree 

i n  proportion t o  the  ac tua l  l eve l s  found. 

Currently a s i t ua t ion  exists I n  which both the  mi l i ta ry  and c i v i l i a n  

j e t  a i r c r a f t  tend to accumulate stxatosphcric f i s s lon  product debris  during 

extended f l i g h t s  above t he  7tropopause. (9) I n  view d %he existence of 'this 

stratospheric reservoir of contamination and t h e  frequency and length of 

time Air Force a i r c r a f t  operate a t  these altitudes., it was deemed advisable 

t o  conduct en extenslve~ aurvey grogram t o  determine the magnitude af this 

more normal kind of contamination problem and evaluate the magnllkude o r  the  

radiat ion exposure t o  refuel ing and maintenance personnel t h a t  roaidmsly 

work on the a i r c ra f t .  

I n  order t o  develop an understanding of the  buildup of radioactilvb 

contamination i n  a i r c r a f t  t h a t  operate above t h e  tropopause and subse- 

quent exposure t o  personnel, an appreciation of the location, magnitude, 

f 4 t r 9 9 - u  
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and charac te r i s t ics  of t,he f i s s ion  produats i n  the stratosphere i s  necessary. 

Libby (''1 has proposed t h a t  once weapon debr i s  i s  injected above the  

tropopause as i n  a t yp ica l  nuclear test, it 

stratosphere and f a l l s  back uniformly i n t o  the  troposphere with a half-  

t i m e  of about 7 years. 

mixing is slow and that s t ra tospher ic  d i s t r ibu t ion  of f i s s i o n  products i s  

s t i l l  non-uniform. 

which allows for a difference betwean t h e  behavior sf debris from U. 3. 

Pacific t e s t s  and t h e  Ur. S. S. R. thermonuclear tests. Since much remains 

t o  be known about t h e  ddstr ibut ion of weapon debris  i n  t he  stratosphere, 

mixes rap id ly  throughout t h e  

Machta (I1) has postulated t h a t  s t ra tospheric  

Martel l  (') has proposed a model f o r  the  d i s t r ibu t ion  

considerable research is current ly  being performed i n  the f i e l d  of uppor 

a i r  sanpl ing . 
The height of the tropopause va r i e s  p r ina r i ly  with l a t i t u d e  and time 

of year. 

feet for  the  month of January a t  Buffalo, 43' north l a t i t u d e  and 56,000 f e a t  

i n  the  Miami area,  2 5 O  north. 

height north or south across t h e  United S ta t e s  i s  approximately 50,000 feet. 

Vertical sampling of t h e  atmosphere ind ica tes  t he  concentration of 

For example ithe average height of the tropopause i s  about 36,000 

Whereas in the  summer months the  averaes 

residual debris  above the  tropopause is much higher than t h a t  below. 

a consequence, t h e  amclunt of contamination found on an a i r c r a f t  can be 

d i r e c t l y  r e l a t ed  t o  it,s operational a l t i t u d e  and the average height of the 

tropopause i n  the  v i c i n i t y  of Its base of operations. 

a i r c r a f t  f l y  almost exclusively i n  t h e  troposphere, whereas most j e t s  spend 

considerable time above the  tropopause in t h e  stratosphere a t  a l t i t u d e s  

As 

Propeller driven 
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of appcoximatcly 30,000 t o  4O,OOO feet or  more, Thus, it is  not sur- 

pr is ing  t h a t  higher levels of contamination a re  found on j e t  a i r c r a f t  

than on propeller driven a i r c r a f t .  

Realizing t h a t  t he  l e v e l  of contamination on the  a i r c r a f t  would no 

doubt be d i rec t ly  r e l a t ed  t o  t h e  t i m e  it operated above the  tropopause, 

A i r  Force bases were selected t o  i l l u s t r a t e  the  e f f e c t  of var ia t ion  i n  

t h e  height of t ropopkse  i n  the  winter season. 

AFB, Florida,  Youngstown AFB, Ohio, and Kinross AFB, Michigan. F-102 

j e t  a i r c r a f t  were monit,ored, The monitoring program consisted of a beta- 

gamma survey 1 inch from the surface of t he  a i r c r a f t ,  a i r  sampling i n  the 

immediate v i c i n i t y  of the  a i r c r a f t  during re fue l ing  and maintenance ect iv-  

i t i es ,  and a measurement of removable ac t iv i ty .  Personnel wore film 

badges and pocket dosimetry during t h e  program. Table IV suxmnarizes 

the  finding of t he  betta-gamma survey. 

The bases were Tyndall 

It i s  i l l u s t r a t e d  c l ea r ly  i n  Table IV t h a t  t h e  maximum l eve l s  of 

contaaination e x i s t  on a i r c r a f t  t h a t  rou t ine ly  operate i n  the norther ly  

l a t i t udes .  

permissible l i m i t  f o r  uncontrolled exposure and 35% of the  permissible 

l i m i t  for uncontrolled exposure f o r  t h e  engines based on an age of 90 

days for the f i s a ion  product debris.  

of contamination reaches a s t a t e  of equilibrium. 

of contamination on the a i r c r a f t  were essen t i a l ly  independent of the  

number of hours an a i r c r a f t  had flown. The readings were considerably 

higher a t  those posi t ions where the  a i r  flow changed d i rec t ion  such as 

The levels on t he  a i r o r a f t  a r e  on the  order of 5% of the  

It is of i n t e r e s t  t h a t  the  l eve l  

That is, the l eve l s  
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i-teaaings on u r c r a r t  ana mgines a t  u n r o s s ,  
yh Yo'ungstown and Tyndall AFBs. 

$ of Pcrmiss- 

Uncontrolled 
, ib l c  Level 

(age-90 days ) 

6% 

5% 

2% 

Base 

Average 'h 
Reading i n  
mrad/hr on 
Engines 

0,28 

0.14 

0.07 

Kinross (46' N) 

Youngstown ('41' N) 

Tyndall (30' N) 

Average '4 
Reading i n  
nrad/hr 
on A/C - 

.Oh8 

* 038 

+ 013 
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i b l e  Level 
Uncontrolled 
(ace-90 days 
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t he  a i r  intakes t o  the encine, dive brakes, elevators,  and wing roots.  

Repeated sir sampling indicated t h a t  the  airborne contamination was 

e s sen t i a l ly  background. 

f ican t .  

Levels of removable contamination were insigni- 

Also there  was no indication of any external  exposure on the 

film badges or pocket dosimeters worn by the  personnel. 

B-52s and KC-135 a i r c r a f t  were montiored a t  Castle Air Force Base. 

The monitoring of those a i r c r a f t  provided a means of determining the 

order of magnitude of the rad ioac t iv i ty  present on la rge  A i r  Force j e t  

a i r c r a f t .  These 

data a re  therefore dircictly applicable t o  the problem of possible ex- 

The Booing 707 is a passenger version of the  KC-135. 

pocrure t o  civil ians,bolh a i r  and ground crews. 

i s  presented i n  Table IT .  

A summary of t he  survey 

The highsetB/ 'd reading on an external surface was 0.13 mrad/hr 

on a B-52 and 0.06 mrad/hr on a KC-135. 

engine was .30 mad/& and on a KC-135 engine, 0.60 mrad/hr. 

The highest reading on a B-52 

The levels 

on t h e  a i r c r a f t  are appaximately 5% of the maximum permissible l i m i t  

for uncontrolled conditions based on anast imated age of 90 days fo r  

the  f i s s i o n  debris. 

time. 

noted, the  lmwl  of contamination was approximately 25% of' t he  permissible 

l i m i t  f o r  uncontrolled. conditions. 

The engines surveyed had been i n  storage f o r  some 

The age of the contaminant was approximately 220 days. As 

A cornpariaon between the  levels of contamination on j e t  engine and 

reciprocating engine a i r c r a f t  is shown i n  Table V I .  It i s  noted t h a t  

t he  contamination is on the order Orp a fac tor  of 3 lower f o r  the pro- 

pel le r  driven aircraft ,  and t h i s  difference would be even more pronounced 

28 

I. 



Avtragavx Realdings on Aircraft and Engines a t  Castle Air Force Base 

I- 

dV8Tage Qb % of Permiss- AverageBh 
ib le  Level Reading i n  

mrad/hr on A f c  Uncontrolled mrad/hr on 
(age-90 days) Engines 

Tspe of 
Aircraft Reading in 

%E-52 038 5% 055 

KC-135 022 3% .152 

% of Permissible 
Level, Uncontrolled 

(age-90 days) 

m 
33% 
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TBBIIP: VI. (9 1 

Averans 'b/x Reodinns on Aircraft a t  Kirt land AFB 

Group of Aircraft  

J e t  Aircraft 

Average B/-d Readings % of Permissible 
in mrad/hr Limit, Uncontrolled 

(&e-% days) 

4 021 4% 

30 

i ,007 
Recipr oca t ing 
figine A/C 1% 



on a i r c r a f t  operating from bases located a t  more northerly l a t i t udes  

than Albuquerque, New Mexico, As i n  previous tables,  the leve ls  of 

contamination were only  a fract ion of the values given i n  Figure 2. 

Swipe samples were made over an area of approximately150 square 

centimeters w i t h  planchets covered w i t h  f i l ter  paper. 

t h a t  the amount of a c t i v i t y  obtained with a swipe is  dependent on 

the pressure exerted’on the swipe and the exact s ize  of the area over 

which the swipe is made. 

the surface on which the  swipe i s  made, t h e  curvature, amount of grease 

or r u s t ,  e tc .  

on a swipe from an a i r c r a f t  was 1LP729 which was found on a 3-52 a t  

Castle BFB. 

missible limit a s  determined from Figure 6. 

engine was 32,585, 15% of the  maximum permissible l imi t ,  which wa8 found 

on an F-102 engine a t  Fidnross AFB. The reproducability of the procedure 

was determined t o  be 53% for a majority of the samples checked, 

It was found 

Another important factor is the nature of 

The la rges t  number of disintegrations per minute (dpm) 

This is approximately 7 percent of the maxhum per- 

The l a rges t  number on an 

A large number of a i r  samples were taken on a i r c r a f t  and engines. 

These were generally obtained while personnel were working i n  the 

immediate vicini ty .  

of ac t iv i ty  obaerved. 

found, approximately 6% of the permissible level. 

In only four cases out of 75 was a detectable amount 

On the most active sample, 109 d d m 3  of a b  were 

The alpha contamination on a i r c r a f t  was monitored withLen Eber- 

l i n e  PAC-1G alpha survey instrument. 

samples were a l so  made and then counted w i t h  a fluclear-Chicago D-47 gas 

fluw counting tube. 

A large number of swipes and a i r  

I n  no case was detectabla,alpha contamination found. 
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The results of a ty-pical rad ia t ion  survey of both je t  and recipro- 

cat ing engine a i r c r a f t  are given i n  Table QII. 

Comparisons were made of contamination ins ide  the  crew compartment 

and the externa l  surfaces  of t h e  a i r c r a f t .  

of t he  wings and other areas  of impaction showed l eve l s  on t h e  order of 

0.1 mrad/br whereas t h e  levels i n  the crew compartment were below de- 

tect ion.  Removable contzmimtion was a l s o  a fac tor  of 100 or more below 

t h e  removable mater ia l  on t h e  ex terna l  surfaces. 

borne contamination was observed i n  the  compartments, 

Contamination Control and Decontamination. 

A i r  intakes,  leading edges 

Essent ia l ly  no a i r -  

Although the l e v e l s  

of contamination on a i r c r a f t  t h a t  f l y  above t h e  tropopause a r e  such t h a t  

decontamination of personnel or a i r c r a f t  is def in i t e ly  not necessary a t  

t h i s  time i n  terms of 8 r ad ia t ion  problem from e i the r  ex terna l  or in- 

t e rna l  exposure, pol icy  may d i c t a t e  t h a t  some effort should be made t o  

minimize the spread of even t h i s  small amount of contamination t h a t  i s  

detected, 

Comon aensa dictates t h a t  good hygienic measures should be en- 

couraged as is the  palicy in any wall-managed indus t r i a l  operation. 

this particular s l fWtion,  t he  emphasis on cleanl iness  should be directed 

toward t h e  individuals coming i n  contact with the  ex ter ior  surfaces and 

engines of t h e  a i r c r a f t ;  e. g. ,  re fue l ing  and maintenance personnel, 

appreciable exposure of any kind exists i n  the  case of aircrews and pass- 

engers. 

In  

No 

Company management, Indus t r i a l  Health Hygiene Personnel, and 

medical persoma1 

and made aware of 

should ba advised of 

the  minimal exposure 

t he  existence of t h e  s i t ua t ion  

problem. A problem of contamination 
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TABLE VI1 (9) 

Sumnary of Results of Aircraf t  Monitorins Program a t  Yjrtland AFB, N &x 

No. of A/C Monitored 

No. of a/% Readings 

Average%/J Readings 
i n  mrad/hr 

Maximum g / x  Readings 
i n  mrad/hr 

$ of '/& Readings 
Above -10 mrad/hr 

Average '/8 Readings i n  

Average 'h Readings i n  
mrad/hr (27 Jan-5 Mar) 

- 

mrad/hr (1 Mar-30 Apr) - 
- 

No. of swipes 

Average Swipe Count (dpm) - 
Maximum Swipe Count (dp) L- 
No. of Air Samples 

Average dpm/rn3 i n  Air 

F - 8 6 ~  of 93rd 
Fighter -Inter - 
c e Dt or Sadn 

35 

35 

- ,023 

.06 

0.0 

.023 

.025 

35 

93 

455 

126 35 

.021 007 

.20 *06 

3.1 0.0 

9 

021 005 

126 157 

157 196 
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of t h i s  magnitude can be r e a d i l y  handled by merely emphasizing washing 

of t h e  hands and wearing of cove ra l l s  t o  employees engaged i n  r e fue l ing  

and maintenance. It i s  suggested t h a t  t h e  personnel involved be provided 

with covera l l s  labe led  w i t h  t h e  name of t h e  ind iv idua l  and a i r l i n e .  k- 

thermore, t h a t  they be encouraged t o  remove t h e  uniform a t  t h e  completion 

of t h e  day's work and t h a t  It be s to red  i n  ind iv idua l  l ocke r s  provided 

by t h e  company. I n  addi t ion ,  t h e  company should c o l l e c t  t h e  covera l le  

weekly f o r  laundering . 
For the  sake of completeness of t h i s  r epor t ,  t h e  following guidance 

i s  included f o r  s i t u a t i o n s  i n  which high l e v e l s  of contamination might 

be encountered, These l e v e l s  would be on t h e  or-ier of 10 t o  100 times 

more than those presently experienced. It i s  not an t i c ipa t ed  t h a t  such 

conditions would ever occur except as a r e s u l t  of t h e  inadvertent pcne- 

t r a t i o n  of a freshly formed nuclear cloud, 

A change s t a t i o n  can be provided f o r  personnel t h a t  work on con- 

taminated a i r c r a f t .  

may be provided with cclveralls or a change of clothing, f i l m  badge, and 

pocket dosimetry. 

and tools may be l e f t  i.n t h e  por t ion  of t h e  change s t a t i o n  designated 

as t h e  conteminated areas.  

decontamination center. 

b e s t  general method forremovfng any poss ib le  contamination of f  t h e  hands 

and other parts of t h e  body, r ega rd le s s  of t h e  contamination, whether it 

is virus a s  i n  C O l d B ,  b a c t e r i a l ,  o r  t h e  i n f i n i t e s i m a l  amount of rad ioaot ive  

contamination. If the  contamination is l oca l i zed ,  it i s  o f t en  more 

Pr ior  t o  t h e  beginning of t h e  work day, personnel 

A t  the conclusion of t h e  work period, these  items 

Figure 9 is a schematic of a personnel 

Thorough washing w i t h  soap and water is t h e  
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Figure 9 
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DEPOSIT DOSIMETERS 

PmSONNlCL DECONTAMINATIOH A R M ,  SINKS, SHOWERS, LAUNmY E'ACILITIPS' 
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prac t i ca l  t o  mask off the  affected area and cleanse with mabs, before 

r i sk ing  t h e  danger of spreading tho contaminant by general  washing. 

recornended procedures 

The 

f o r  general  hand-washing a r e  a s  follows: 

8 .  'dash f o r  not less than 2 minutes, nor mor? than 3 minutes 

by t h e  clock with z m i l d  pure soap i n  tepid water with a good l a the r ,  

covering the  ent i re  affected area thoroughly. 

t o  areas  between t h e  f ingers  and around the f inge rna i l s .  

Give spec ia l  a t t en t ion  

The outer 

edges of t he  hands a r e  readi ly  contaminated and often neglected i n  the 

washing. 

and repeat,  a s  monitoring indicates ,  un t i l  t he  desired degree of decon- 

Do no use highly alkal ine soaps or abrasives.  Rinse thoroughly 

tamination is achieved, but not t o  exceed three or  four times, 

b, If the  above procedure i s  not s u f f i c i e n t  t o  remove the  con- 

tamination, acrub the  hands with a s o f t  brush using a heavy l a t h e r  and 

t ep id  water. 

and hence prolonged scrubbing without change of reagent i s  of questionable 

T h i s  scrubbing i s  primarily t o  t ipitate the  cleansing agent, 

value,  For t h i s  reason, a t  l e a s t  three washes,  including r in ses ,  should be 

made within 3 minutes, of which a t  l e a s t  6 minutes should be devoted t o  

scrubbing, 

cient t o  bend tho b r i s t h s  out of s h a p  of t o  sc ra tch  o r  erode the skin, 

Only l i g h t  pressure should be applied t o  the  brush--not suffi- 

Rinse thoroughly and monitor. 

c. Apply lanol in  or hand cream t o  prevent chapping. Chemicals 

may be used f o r  cleansing other pa r t s  of t h e  body or the  hands, i f  t h e  

above procedures do not successfully remove t h e  contamination. 

two processes i n  general use. 

sucessfully for  heavy contaminations. 

There a re  

Procedure (1) outlined below has been used 

However, i f  (1) is unsuccessful, 
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it may be followed by (2), Parts  A and B. 

(1) Apply a l i b e r a l  portion of titanium dioxide paste t o  

the  hands. Work t h i s  pss te  over the affected areas  and adjacent areas 

of the  skin f o r  a t  l e a s t  2 minutes. Use water, sparifigly, t o  keep the  

paste moist, 

soap, brush, and water. Be sure t ha t  no paste is allowed t o  remain around 

Rinse with warm water, and follow by rthorough washing with 

the na i l s .  Monitor. Repeat the en t i r e  process if  necessary, 

It should be noted t h a t  the condition of the t i tanium dioxide paste 

i s  very important. I n  order t o  be effect ive,  the paste must be prepared 

by mixing precipi ta ted titanium dioxide (a very th ick  s lur ry ,  never per- 

mitted t o  dry) wi th  a small amount of lanolin. 

(2) Part .A. Mix equal volumes of o saturated solution of 

Pour t h i s  over the w e t  p a t a s s i ~  permanganate rand 0.2 N su l fu r i c  acid. 

hands, rubbing the  en t i r e  surface and using a hand brush f o r  not more 

than 2 minutes. this application w i l l  remove a layer of skin 

i f  allowed to  remain i n  contact with the hands too long; consequently, 

%e timb stated here rshiould not be exceeded for  any single application.) 

Be sure that all areas are thoroughly covered, 

oeed as follows: 

(Note: 

Rinse w i t h  wate? and pro- 

Par t  B. Apply a f resh ly  prepared 5-percent solution of 

sodium acid aulf i te  (NaaSq) in the  same manner a s  above using a hand 

brush and t ep id  water f ' o r  not mort than 2 minutes. 

water, and r i n s e  thoroqghly, 

Wash with soap and 

The above procedurls may be repeated several  times as long a s  the 

permanganate solution ie not applied for more than 2 minutes during any 
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one washing. 

be f a c i l i t a t e d  by the  use of swabs steeped i n  the  solutions.  

hand cream should be applied a f t e r  washing, 

Appliceticms t o  other parts of the  body than the hands may 

Lanolin or 

A hand decontamination kit should be maintained i n  each wash room 

associated with the  decontamination f a c i l i t y .  

I n  the  event that .the skin is broken i n  accidents while working w i t h  

radioact ive substances, immediate act ion should be taken t o  remove possible 

contamination. 

i a t e l y  (within 15 seconds) and spread the  edges of t he  gash t o  p e r a t  

flurrhing ac t ion  by t h e  water, Light tourniquet act ion t o  s top  venous 

return (but not t o  restcict a r t e r i a l  f low) may be desirable  t o  s t imulate  

blemding. 

sa fe ty  o f f i ce r  aa soon a8 emergency precautions have been taken. 

Wash the  wound under la rge  volumes of running water imned- 

Report &wounds t o  the  responsible medical or rad io logica l  

Contaminated clothing may be laundered i n  the conventional manner 

using commercial household detergents,  

levels  (use guide line!n given i n  Figure 6) a re  experienced, t h e  clothing 

should not be released t o  commercial laundrios, but laundered i n  f a c i l i t i e s  

provided i n  t h e  change s ta t ion .  

persist, repeated laundering will be required. 

Shoes 81-49 not ord inar i ly  launderable and, i f  contaminated t o  above 

I n  the event excessive contamination 

I n  the event high levels of contamination 

perm.issible levels, are usually stored and nade avai lable  far reenter ing 

the contaminated arear 

Contaminated rubber clothing, such as  boots ,  overshoes, alnd r a i n  gear 

of ten  may be decontaminated by water f l m h i n g  with hose. 

Decontamination of a i r c r a f t  can be readi ly  accomplished by high 

pressure hosing with water and detergent,  A common pract ice  employed by 
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the  Air Forco is  t o  use a tank truck wi th  a 400 gallon capacity capable 

of delivering the detergent solution under 200 pound per square inch 

pressure t o  wash down the a i rc raf t .  

4 pounds ci t r ic  acid, and 32 pounds naconal per 400 gallons of water has 

been found t o  be very effective. Steam cleaning is also very effective. 

Removal of the  aluminum oxide surface using a 5% solution of muriatic acid 

(comercia1 hydrochlckic:) is extremely e f fec t ive  but only recommended i n  

very persistent cases of contamination. 

A mixture of 5 pounds sodium hydroxide, 

Aircraft  parts may be decontaminated by standard methods including, 

scrubbing vf th  water ani detergent, organic solvents, and/or steam cleaning. 

Ultrasonic cleaning techniques is also very effect ive on small parts. 

Mspoaal of the wash water can create a problem but for  the most part 

adequate di lut ion usually occurs when it is  emptied in to  t h e  sewerage 

system of the main f a c i l i t i e s ,  

taminated waste water into uncontrolled areas are  given i n  Figure 5. 

r a r e  occasion8, tank storage f a c i l i t i e s  may be required so tha t  controlled 

release of the  contamiriated water may be exercised. 

Guide l i n e s  f o r  the release of the con- 

On 
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S E M Y  

The exis tence of f i s s ion  fragment debr i s  trapped above the tropopause 

w i l l  continue t o  be a source of contamination t o  a i r c r a f t  operating a t  those 

a l t i t u d e s  f o r  an indeterminate length of time. 

grams a r e  resumed, the s t ra tospheric  reservoir  w i l l  be replenished. 

prior t o  tho termination of the t e s t  program, the  s t ra tospher ic  l e v e l  of 

contsnination remain& essen t i a l ly  constant f o r  t he  past  severa l  years. 

Thus, it is not expected t h a t  the  contamination woblem would increase 

s ign i f i can t ly  i n  magnitude, 

If t h e  nuclear t e s t ing  pro- 

However, 

The rad ia t ion  guide l ines  suggested a r e  both reasonable and conser- 

vet ive.  

products, and where applicable, the  c r i t i c a l  body organ. 

f o r  pcrn iss ib le  l eve l s  of beta-gamma lcvols  f o r  both uncontrolled and con- 

t r o l l e d  exposure, permissible a i r  concentrations f o r  the  uncontrolled area, 

perx iss ib le  water coacmtrnt ions for the  uwont ro l led  areas ,  and permissible 

l e v e l s  of removable ac t iv i ty .  

Thay a r e  based on the NCRP recommendations, the age of the  f i s s i o n  

Guidance i s  given 

Zxperimental s tud ies  have denonstrated c l ea r ly  t h a t  tho rad ia t ion  

hazard t3 mainterlance personnel who work 011 a i r c r a f t  contaminated with 

mixed f i ss ion  products cen 5e adequately defined by a simple beta-gamma 

survey of  the Lmediat,e erea. 

dose from inha la t ion  of t h e  resuspendcd debris or ingest ion fron hand 

cmtcmination a r e  unimportant ranging f r o 3  f a c t o r s  of 100 o r  more below 

t h a t  contributed by external  dose. 

The contribution t o  t h e i r  t o t a l  rad ia t ion  

Aircraf t  that f l y  i n  t h e  regions of the s t ra tospher ic  contamination 
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reservoir  w i l l  encounter sone contamination build-up. The levsls will be 

such t h a t  it is highly improbable t h a t  anyone would ever receive exposure 

i n  excess of t h s  ptrmisiiible limits, ei ther  from external rad ia t ion  or f’rom 

in t e rna l  uptake of t h e  radioactive isotopes, 

I n  the present s i tua t ion ,  it is inconcaivabla t h a t  decontamination 

would ever be required on the basis  t h a t  the exis t ing rad ia t ion  levels 

represent a heal th  hazard. 

accomplished, techniques for personnel, a i r c r a f t ,  and material decontamin- 

a t ion  a re  outlined. 

However, i f  policy d i c t a t e s  t h a t  it should be 
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