
D I S T R I B U T I O N  OF PAR!L'ICLE SIZE FOUND I N  BREATHING A I R  
AT HANFORD PLUTONIUM FABRICATION F A C I L I T I E S  

J .  M. Selby 

Ehgineer 
Radiological Development and Calibrations 

Radiation Protection Operation 
HANFORD LABORATORIES 

GEP3ERAL E U C T R I C  COMPANY 
Rickhand, Washington 

Manuscript t o  be presented a t  t he  
Health Physics Society Meeting 

Chicago, I l l i n o i s  
June 11 - 14,  1962 

This document is 
SVBJ$CLY WELEASAB 

i 

I 

Aut hori Li  11 g Official 



DISTRIBUTION OF PARTICLE S I Z E  FOUND I N  BREATHING AIR 
AT HANFORD PLUTONIUM FABRICATION FACILITIES 

J .  M. Selby 
Ehgineer 

Radiological Development and Calibrations 
Radiation Protection Operation 

HANFORD LABOFATORIE!S 

ABSTRACT 

The nature of par t ic les  associated with breathing a i r  
i s  extremely important i n  the  f i e l d  of radiat ion pro- 
tec t ion .  In  a complete pa r t i c l e  study, parameters such 
a s  pa r t i c l e  s ize ,  mass, shape and chemical s t a t e  should 
be measured. In  characterizing these par t ic les ,  it is  
desirable t o  r e l a t e ,  i f  possible, t h e i r  generation t o  a 
par t icu lar  process or  function. The results from a study 
on the  pa r t i c l e  s i z e  d is t r ibu t ion  found i n  a Hanford,plu- 
tonium fabrication f a c i l i t y  a r e  discussed. 
a r e  re la ted,  where possible, t o  charac te r i s t ic  operations. 

These data 
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DISTRIBUTION OF PARTICLE SIZE FOUND I N  BREATHING A I R  
AT HANFORD PLUTONIUM FABRICATION FACILITIES 

INTRODUCTION 

A knowledge of the aerodynamic pa r t i c l e  s ize  of radioactive 

contaminants i n  breathing a i r  i s  extremely important t o  the  Health 

Physicist  i n  t he  evaluation of inhalation problems. Data, such a s  

t h a t  obtained by J. H. Brown, e t  a l . ,  indicates t ha t  the  respira-  

b i l i t y  of par t ic les  below 1 t o  2 microns approaches loo$ while the  

r e sp i r ab i l i t y  of par t ic les  greater than 1 0  microns approaches O$. 

equation defined by the  International Committee on Radiation Protection 

The 

( 2  1 

for calculat ing values for  the maximum permissible concentration of 

radionuclides i n  a i r  (MPCA) includes a fac tor  ( f a )  fo r  t he  f rac t ion  of 

mater ia l  taken i n t o ' t h e  body by inhalation t h a t  a r r ives  i n  t h e  c r i t i c a l  

organ. Normally, t he  factor  ( f a ) ,  fo r  t h e  lungs i s  defined a s  0.12 

assuming t h a t  t h e  exposure is  t o  a spectrum of pa r t i c l e  s izes  ra ther  than 

a defined range of pa r t i c l e  s i zes .  Thus, t h i s  method of calculat ion of 

an MPCA assumes t h a t  only 1 6  of the  t o t a l  a c t i v i t y  collected on an 

"absolute f i l t e r "  will reach the  c r i t i c a l  organ. It appears that t h e  

fac tor  ( f a ) ,  may be s igni f icant ly  i n  e r ro r  i n  many of these calculations,  

depending, of course, on the  nature of t he  operation and the  pa r t i c l e  

s ize  d is t r ibu t ion  of the  radionuclides involved. A t  some f a c i l i t i e s ,  (223) 

t h e  developaent of pa r t i c l e  s i z e  se lec t ive  a i r  samplers has been i n i t i a t e d  

i n  order t o  co l lec t  o n l y  those, par t ic les  t h a t  a r e  respirable .  
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The Radiation Protection Operation has i n i t i a t e d  a study of the  

charac te r i s t ics  of radioactively - -  contaminated - -  a i r  a t  Hanford work locations 

This stuay i s  intended t o  characterize 
-. _ _  the  nature of the  contaminated 

.. - . .. 

a i r  a s  t o  p a r t i c l e  s i z e  d is t r ibu t ions ,  . -_ - p a r t i c l e  s i z e  versus p a r t i c l e  

rad ioac t iv i ty  and other physical and chemical charac te r i s t ics .  

characterizing the  s i z e  of the radioactive pa r t i c l e s  a r e  now i n  progress. 

This report  summarizes the data collected on t h e  general p a r t i c l e  s i z e  

d is t r ibu t ion  a t  two plutonium fabricat ion f a c i l i t i e s .  

Studies 

DISCUSSION 

A Royco Par t ic le  Counter, Model PC 200-A, was used i n  obtaining the  

data on the  pa r t i c l e  s i ze  d is t r ibu t ion  a t  various locations i n  two 

Hanford f a c i l i t i e s .  The aerosol of i n t e r e s t  is  circulated a t  100 cubic 

centimeters per minute through the  opt ica l  chamber of t h e  Fbyco Countel-. 

White l i g h t  from a well regulated lamp i s  focused on the  1.98 cubic 

millimeter sens i t ive  volume of the  4 cubic millimeter p a r t i c l e  chamber. 

The l i g h t  i s  deflected or  re f lec ted  when it s t r ikes  a p a r t i c l e  passing 

through the chamber producing a l ight  pulse with an amplitude proportional 

to the  square of the  p a r t i c l e  diameter. These pulses a r e  observed by a 

photomultiplier tube and sor ted according t o  s i z e  by t h e  electronics  of 

the counter. The r e su l t s  a re  displayed i n  15 channels correspondifig t o  

defined p a r t i c l e  diameter ranges (Slide 1). 

The Royco Counter was operated i n  corridors and laboratory areas 

i n  the  Plutonium Metallurgy Building (308  Building) and i n  of f ices ,  

corridors and laboratory areas of t h e  Plutonium Fabrication Building 

(234-5 Building). The pa r t i c l e  s i z e  d is t r ibu t ion  data col lected a t  the  
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Plutonium Fabrication Building is  i l l u s t r a t e d  i n  Sl ide 2. This data was 

corrected for  counting coincidence losses  and i s  reported a s  pa r t i c l e s  per 

cubic centimeter. 

permitted have the  greatest  concentration of pa r t i c l e s  fo r  each p a r t i c l e  

s i z e .  

p a r t i c l e  d i s t r ibu t ions .  

- 

It may be noted tha t  the  of f ice  areas where smoking is  

During t h e  day, the corridors and laboratory areas exhibited s imi la r  

The minimum pa r t i c l e  concentrations were f o u d  i n  

the  corridors during the  night hours when most of t he  building personnel 

were absent. 

The data collected a t  the  308 Building i s  presented i n  Sl ide 3 .  9kere 

are  no of f ice  areas  i n  the operating part of t h i s  building. 

permitted i n  the  corridors.  

Smoking was 

The pa r t i c l e  s i ze  d is t r ibu t ions  found i n  the  

corridors a r e  quite s imilar  t o  the  r e su l t s  found i n  the  of f ice  areas i n  

the 234-5 Building. 

a r e  lowest a t  night when most of t he  personnel a r e  absent from the  building. 

The pa r t i c l e  s i ze  d is t r ibu t ion  curves fo r  the  laboratory areas a re  qui te  

s imi la r  i n  both buildings. 

Again, the  p a r t i c l e  concentrations i n  the  corridors 

A comparison of the pa r t i c l e  s i z e  d i s t r ibu t ion  i n  t h e  308 lhrilding 

f o r  laboratory a reas ,  supply a i r  ( f i l t e r e d  by a roughing f i l t e r  and water 

washed) and unf i l te red  outside a i r  is shown i n  Sl ide 4.  The supply a i r  

and the  a i r  i n  the  laboratory areas exhibit  s imi la r  p a r t i c l e  s i z e  d is t r ibu t ion  

curves although the a i r  i n  t he  laboratory areas has an increased number 

of both the smaller and the  larger-sized pa r t i c l e s  than the supply a i r .  

For the  untreated outside a i r ,  the  p a r t i c l e  concentration below 1 micron 

i s  s igni f icant ly  l e s s  and above 1 micron is s igni f icant ly  greater than 

the concentration i n  the t rea ted  a i r .  



. c 

- 4 -  

The pa r t i c l e  counter was used i n  an attempt t o  observe changes i n  

the airborne pa r t i c l e  s i z e  dis t r ibut ions during minor plutonium contamination 

incidents .  No s ignif icant  changes i n  pa r t i c l e  s i z e  dis t r ibut ions were 

observed. A calculation of the  theore t ica l  microcurie concentration for 

various pa r t i c l e  s izes  was performed t o  determine what magnitude a 
-. 

contamination incident would have t o  reach t o  be observed above the  

normal pa r t i c l e  background seen by the  Royco Counter. The calculation 

was made assuming the  par t ic les  were i n  the  form of Pu02 spheres w i t h  a 

density of  11 .5  grams per cubic centimeter. 

of concentration i n  microcuries per pa r t i c l e  t o  the  pa r t i c l e  s i z e  i n  

Sl ide 5 shows the  relat ionship 

microns. A single Pu02 pa r t i c l e  a t  the minimum pa r t i c l e  s i z e  (0 .32 micron) 

detectable with the Royco Counter i s  equivalent t o  1 x lom8 uc of plutonium 

and the maximum pa r t i c l e  s i z e  (8.0 micron) is  equivalent t o  1.8 x 10-4 uc 

of plutonium. Assuming a contamination incident where the plutonium 

concentration was 1 MPCA (2 x 10-l2 uc/cc), t he  number of pure Pu02 

par t ic les  per cubic foot fo r  pa r t i c l e  s izes  from 0.01 t o  10  microns were 

calculated.  The data from t h i s  calculat ion is  i l l u s t r a t e d  i n  Sl ide 6 .  

For t he  minimum and mimum-sized pa r t i c l e s  detectable by the  instrument, 

only 5.4 pure Pu02 par t ic les  per cubic foot and only 3.5 x 10-4 pure 

Pu02 pa r t i c l e s  per cubic foot respectively would be present a t  one MPCA. 

For the 100 cc/min sample r a t e ,  the Royco Counter would have t o  operate 

approximately 50 minutes i n  a 1 META atmosphere t o  count one 0.32 micron 

ArO2 pa r t i c l e  and about 8 x lo5 minutes t o  count one 8.0 micron Pu02 

pa r t i c l e s .  Very obviously, these i so la ted  par t ic les  would not be 

distinguishable from t h e  normal background pa r t i c l e  d i s t r ibu t ion .  
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- - -  SUMMARY 

In  the laboratory areas where _ _  contamination may occur, approximately 

go$ of the  t o t a l  par t ic les  i n  the  range from 0.32 microns t o  10  microns 

were below 0.5 micron and 988 of the  par t ic les  were below 0.8 micron. 

the plutonium par t ic les  follow a s imilar  d i s t r ibu t ion  where the  majority 

of the  par t ic les  l i e  below 1 micron, it would appear t h a t  a s ize-select ive 

If 

sampler would not be necessary. 

may be attached by some mechanism t o  la rger  dust pa r t i c l e s ,  thus,  suggesting 

the  use of special  sampling equipment. 

microscope-emulsion work t o  r e l a t e  spec i f ica l ly  pa r t i c l e  s i z e  and radio- 

a c t i v i t y  content, a be t t e r  understanding of a i r  sampling equipment require- 

However, the submicron plutonium par t ic les  

After completion of electron 

m e n t s  and evalua’;ion techniques should become avai lable .  

being pursued. 

establishing appropriate biological research programs t o  further evaluate 

the  fac tor  ( f a )  fo r  conditions a s  they exist i n  a major plutonium producing 

plant .  

This study i s  

The r e su l t s  of t h i s  study may be d i r ec t ly  applicable i n  
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