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SIZE AMALYSIS OF PARTICULATES FOUND I N  AIR 

AT WFORD PLUTONIUM FABRICATION FACILITIES 

INTRODUCTION 

The Hanford Radiation Protection Operation i s  conducting a study on the 

character is t ics  of radioactively contaminated a i r  a t  Hanford work locations.  

One of the main objectives i n  t h i s  study is  t o  define the  s i ze  of par t icular  

a i r  contamination i n  plutonium handling f a c i l i t i e s .  Tn addition t o  charac- 

t e r i z ing  the par t iculate  contamination, it i s  desirable t o  know the normal 

background pa r t i c l e  s i ze  distpibution. This report  summarizes the  data 

collected on general par t ic le  s i ze  dis t r ibut ion and radioactive pa r t i c l e  

d i s t r ibu t ion  a t  two Hanford plutonium fabrication f a c i l i t i e s .  

DISCUSSION 

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

on the  general par t ic le  s i ze  dis t r ibut 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 re s t  i s  circulated a t  100 cubic centimeters 

per minute through the opt ical  chamber of the  Royco Counter. White l igh t  from 

a well regulated lamp i s  focused on the  1.98 cubic mfllfmeter sensi t ive volume 

of the  4 cubic millimeter pa r t i c l e  chambep. The l i g h t  i s  deflected or  ref lected 

when it s t r ikes  a par t ic le  passing through the  chamber producing a l i g h t  pulse 

with an amplitude proportional t o  the  square of the pa r t i c l e  diameter, These 

pulses a re  observed by a photomultiplier tube and sorted according t o  s i ze  by 

the electronics of the counter. The re su l t s  a re  displayed i n  15 channels corres- 

ponding t o  defined par t ic le  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  off ices ,  corridors and 
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laboratory areas of the Plutonium Fabrication Building (234-5 Building) The 

par t ic le  s i ze  dis t r ibut ion data collected a t  the Plutonium Fabrication Building 

is  i l l u s t r a t ed  i n  Slide 2. 

losses and are  reported as par t ic les  per cubic centimeter, 

!The data were collected f o r  counting--coincidence 

It may he noted tha t  

the off ice  areas where smoking is  permitted have the greatest  concentration of 

par t ic les  for each par t ic le  s ize .  During the day, the corridors and laboratory 

areas exhibited similar par t ic le  dis t r ibut ions.  

t ra t ions  were found i n  the corridors during the night hours when most of the 

building personnel were absent. 

The minimum pa r t i c l e  concen- 

The data collected a t  the 308 Building a re  presented i n  Slide 3.  There 

a r e  no of f ice  areas i n  the operating par t  of t h i s  building. hok ing  was pey- 

mStted i n  the corr idorso 

a re  quite s imilar  t o  the resu l t s  found i n  the off ice  areas i n  the 234-5 Building. 

The particbe s i ze  dis t r ibut ions found i n  the  corridors 

Again, the  par t ic le  concentrations i n  the corridors a re  lowest a t  night when 

most of the personnel a r e  absent from the  building. Theparticle s i ze  d i s t r i -  

bution curves for  the  laboratory areas a re  quite s imilar  i n  both buildings. 

A comparison o f t h e  pa r t i c l e  s i ze  dis t r ibut ion i n  the 308 Building f o r  

laboratory areas,  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 unfi l tered outside a i r  is shown i n  Slide 4. The supply a i r  and the  a i r  in 

t he  laboratory areas exhibit s imilar  pa r t i c l e  s i ze  dis t r ibut ion curves although 

the a i r  i n  the laboratory areas has an increased nwber of both the smaller 

and larger-sized par t ic les  than the supply a i r .  

the par t ic le  concentration below one inicron is s igni f icant ly  l e s s  and above 

one micron i s  s igni f icant ly  greater than the concentration, i n  the t reated a i r .  

For t h e  untreated outside a i r ,  

A 

This data was collected during a dusty weather condition, probably accounting 

f o r  the high number of large par t ic les .  The large number of small par t ic les  
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i n  the  building m y  be p a r t i a l l y  due t o  presence of  moisture molecules i n  the 

a i r .  

"he 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 ize  dis t r ibut ions during minor plutonium contadnat ion 

incidents. 

A calculation of the theoret ical  microcurie coneenzration for  various par t ic le  

No s ignif icant  changes i n  par t ic le  s i ze  dis t r ibut ions were observed. 

s izes  was performed t o  determine what magnitude a contamination incident would 

have t o  reach t o  be observed above the  normal par-bicie bsckground seen by the  

Royco Cowter. 

form of PUO2 spheres w i t h  a density of 11.5 grams per cubic centimeter. 

shows the relationship of concentration i n  microzuries per pa r t i c l e  t o  the  

pa r t i c l e  s i ze  in microns. 

s i z e  (0.32 micron) detectable with the Royco Counter is equivalent t o  1 x loo8 pc 

of -plutonium and the maximum par t ic le  s i ze  (8.0 micron) i s  equivalent t o  

1.8 x pc of plutonium. Assuming a contamination incident where the 

plutonium concentration was 1 MPCA (2 x 

paf i ic les  per cubic foot f o r  particle sizes f r o m  0.0L t o  LO microns were 

calculated. The data from this  calculation are  i l l u s t r a t e d  i n  Slide 6 .  

t he  minimum and maximum-sized par t ic les  detectable by the  i n s t m n t ,  only 5 . L  

pure PuQ2 par t ic les  per cubic foot and only 3.5 x 10-4 pure PuO2 par t ic les  

per cubic foot respectively would be present a t  L M ~ C A .  

sample r a t e ,  the Royco Counter would have t o  operate approximately 50 minutes 

i n  a 1 M ~ C A  atmosphere t o  count one 0.32 micron PUO2 pa r t i c l e  and about 

8 x 105 minutes t o  count one 8.0 micron gU02 par t i c l e .  

isolated par t ic les  would not be distinguishable from the normal background 

pa r t i c l e  dis t r ibut ion.  

The calculation was made assuming the par t ic les  were in the  

Slide 5 

A single  Pu02 par t ic le  a t  the minimum pa r t i c l e  

pc/cc), the  number of pure Pu02 

For 

For the  LOO cc/min 

Very obvioub;ly, these 



- 4 -  
- -  - .__ 

Since the plutonium par t ic les  are apparently smaller than the range of the - .. . -  - -  
par t i c l e  analyzer, it was concluded tha t  analyses would have t o  be determined 

using electron microscope procedures. I n i t i a l l y ,  contamfnated a i r  from. plutonium 

fabrication hoods was chosen fo r  study since t h i s  would be the source of a i r  

contamination incidents and the levels  would be high enough t o  permit t-he 

collection of sui table  smples i n  reasonable time periods. 

are used i n  col lect ing the  radioactive par t iculates  because of t he  high efff- 

ciency of the f i l t e r  and i t s  easy dissolution i n  acetone o r  ethylene acetate .  

Membrane f i l t e r s  

A posit ive displacement p u p  coupled t o  two membrane f i l t e r  holders i s  used 

i n  col lect ing the sir samples. The second f i l t e r  i s  used as a baekQp since 

it was impractical t o  exhaust the sample a i r  back in to  the hood. 

setup i s  connected t o  the  hoods ei ther  by quick disconnect f i r e  extingui6her 

out le t s  or  through sealed bag openings. 

The sampling 

Discs, 3/32 inch diameter, .are punched out of the  membrane f i l t e r  f o r  use 

A l l  a i r  samples are  counted t o  insure i n  the electron microscope analyses. 

that  the concentration on the small discs i s  l e s s  than 500 d/m. 

prepare the sample, the membrane f i l t e r  disc  is placed on an Si8 substrate 

and the substrate  i s  mounted on porous blocks i n  a p e t r i  dish. Acetone or  

In order t o  

ethylene acetate  I . s  placed i n  the  bottom of the  dish and the  en t i r e  setup i s  

covered with a watch glass.  Over a period of several days, the  mmbrane f i l t e r  

is dissolved leaving the  par t ic les  i n  a r e l a t ive ly  undisturbed posit ion on the  

substrate.  El,ectron micrographs a re  then taken of the  par t ic les .  

The alpha concentrations observed with the hood a i r  samples ranged from 

6 e 5  x 10-10 pc/cc t o  3.5 x 10-9 pe/cc 

Two of the hood samples were analyzed with the  electron microscope. 

data for  hood samples was taken from e l e c t r m  microscope photographs magnified 

20,000 times. The following equation was used t o  calculate the  mean diameter: 

llae 



- 5 -  

@- 
= mean diameter X i  ( N i D i  1 

= pi 
where M i s  the  number par t ic les  of diameter D o  

- \  
The data for  these two f i l t e r s  a r e  l i s t e d  i n  Table I: 

P 

TABU I 
T 

MEAM PARTICLE DUMEXCERS 

Total Part /cc Par t .  Dia. Mean Par t .  
Sample No. A Part /specimen a i r  %age Diameters 

1 165 1 105 0.025 - 0.15 0.046 v 

2 156 5 x lo4 0.025 u x 0.1 p 0.046 p 

The procedure should be improved i n  two ways before the previous data can be 

termed as conclusive, Alpha t rack labeling of these par t ic les  was not performed, 

therefore,  the par t ic les  cannot be posit ively ident i f ied as plutonium. Paptlcles 

as small as the ones found i n  these two specimens would have t o  be heavy metal. 

t o  be opaque t o t h e  electron beam. It appears tha t  there  are  par t ic les  smaller 

than the 0.025 p sizes;  however, an overall  background density from the SiQ sub- 

s t r a t e  prevents posit ive ident i f icat ion.  Efforts are  underway t o  improve or 

eliminate t h i s  background problem. 

Since the  s e t t l i n g  r a t e  of par t ic les  i s  related t o  the par t ic le  diameter 

and mass, one would expect t o  see increasing numbers of par t ic les  i n  a i r  8s t h e i r  

aerodynamic diameter decreases. Ai? sample data analyzed by both l i g h t  scat ter ing 
< 

and electron microscope techniques supports t h i s  theory. Consequently, for  

plutonium par t ic les  with t h e i r  high density, t he  mean aerodynadc diameter i s  
n 

quite low compared t o  normally encountered duet pa r t i c l e s .  Improved electron 

microscope techniques may reveal airborne plutonium par t ic les  with a mean 

Uameter s ign i f icant ly  l e s s  than the 0.046 p. 
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SLIDE 1 

ROY CO COUNTER PARTICLE S I ZE RANGES 

Channel Number Range-Microns 

0.32 to 0.40 
0.4 to 0.5 
0.5 to 0.64 

4 0.64 to 0.8 

5 
6 
7 
8 
9 
10 
11 
12 
13 

0.8 to 1.0 
1.0 to 1.3 
1.3 to 1.6 
1.6 to 2.0 
2.0 to 2.5 
2.5 to 3.2 
3.2 to 4.0 
4.0 to 5.0 
5.0 to 6.4 

14 6.4 to 8.0 
15 8.0 and Greater 

Ui?CLASS IFIED 



UNCLASSIFIm -8- 

101 
u u 
L aJ a 
v) 
Q) 

0 
c. 
L m e 
L 
Q) 

- .- 

n 
E 
7 z 

100 

10-1 

Slide 2 
PARTICLE SIZE DISTRIBUTION 234-5 BUILDING 

0 Corridor (Night) 
A Lab Areas and Corridors (Day) 

Part ic le Size (Microns) 
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Slide 3 
PARTICLE SIZE DISTRIBUTION 308 BUILDING 

Particle Size (Microns) 
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Slide 4 
COMPAR I SON PARTICLE S I ZE D I STRJ BUTION TREATED AND UNTREATED AIR 
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P u O ~  PARTICLE SIZE VS ACTIVITYIPARTICLE 
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