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ABSTRACT

The nature of particles associated with breathing air

is extremely important in the field of radiation pro-
tection. In a complete particle study, parameters such
as particle size, mass, shape and chemical state should
be measured. In characterizing these particles, it is
desirable to relate, if possible, their generation to a
particular process or function. The results from a study
on the particle size distribution found in a Hanford .plu-
tonium fabrication facility are discussed. These data
are related, where possible, to characteristic operations.
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DISTRIBUTION OF PARTICLE SIZE FOUND IN BREATHING AIR
AT HANFORD PLUTONIUM FABRICATION FACILITIES

INTRODUCTION

A knowledge of the aerodynamic particle size of radiocactive
contaminants in breathing air is extremely important to the Health
Physicistbin the evaluation of inhalation problems. Data, such as

(1)

that obtained by J. H. Brown, ef al., ;ndicgtes“that the respira-
bility of particles below 1 to 2 microns approaches 100% while the
respirability of particles gregter than 10 microns approaches 0%. The
equation defined by the Internafional Committee on Radiation Protection(z)
for calculating values for the maximum permissible concentration of
radionuclides in air (MPCp) includes a féctor (fa) for the fraction of
maeterial taken into'the body by inhalation that arrives in the critical
organ. Normally, the factor (fg), for the‘lungs is defined as 0.12
aésﬁming that the exposure is to a spectrum of particle sizes rather than
a defined range of particle sizes. Thus, this method of calculation of
an MPC, assumes that only 12% of the totgl activity collected on an
"absolute filter" will reach the cfiﬁical organ. It appears that the
factor (fg), may be significantly in'error in many of these calculations,
depending, of ;ourge, oﬁ the nafure of the oﬁeration and the particle
size distribution of the radionuclides involved. At.éome facilities,(2’3)

the development of particle size selective air samplers has been initiated

in order to collect only those particles that are respirable.



’TheiRaaiatiqn Brotagtidn‘Operatian haaﬂin;tiaﬁad aAstudy”of tha -
charagterist}cslofrradioactiya}y_cqn@am;nategzair at Hanford yqrgﬁlacations.
ThisMstudy”;s intenged to_gparagteri?e tpe natura of themcon?aménated
a#r as to particle size»disyriput}qas, part;cle aige’veraus particle
radioactivity and other physical”andﬂchemicag charagtaristigs.v Studieau
characterizing the size of the radiocactive particlesvaye now in progress.
This report summarizes the data‘collacted on the general particle size

distribution at two plutonium fabrication facilities.

DISCUSSION

A Royco Particle Counter, Model PC 200-A, was usad in obtaining the
data on the particle size distribution at various locations in two
Hanford facilitias. The aerosol of interast is circulated at 100 cubic
centimeters per minute through the thical chamber of the}Royco Counter.
White light from a well regulated lamp is focused on tha 1.98 cub;c
millimeter sensitive volume of the 4 cgbic millimeter particle chamber.
The light is deflected or reflected whenvitvstrikes a particle passing
through the chamber producing a light pulse with an amplitude proportional
to the square of the particlé diameter. These pulses are observed by a
photomultiplier tube and sorted according to size by the electronics of
the counﬁer. The results are displayed in 15 channels corresponding to

defined particle diameter ranges (Slide 1).

The Royco Counter was operated in corridors and laboratory areas
in the Plutonium Metallurgy Building (308 Building) end in offices,
corridors and laboratory areas of the Plutonium Fabrication Building

(234—5 Building). The particle size distribution data collected at the



Plutonium berication Building ;s illn§tfapod in Slide 2. This data was
¢orrected for counting ooinoidonoe ;osses and is reportod”as pa?ticles per
oubic centineter. It nay“be noted_tnat the office areas where smoking ;s
permitted have the greatest concent;aﬁion of particlos for oach part?cle
size. During the day, the corridors and laboratory oroas exhibited similar
particle distributions. The minimum particle concentrations were found in
the corridors during the night hours'when most of the building personnei

were absent.

The data collected at the 308 Building is presented in Slide 3. There
are no office areas in the operating part of this building. Smoking‘was
permitted in the corridors. ' The particle size distributions founo in the
corridors are qnite similar to the results found in the office areas in
the 234-5 Building. Again, the particle concentrations in the corridors
are‘lowest at night when most of the pérsonnel are absent from the building.
The particle size distribution curves for the laboratory areas are quite

similar in both buildings.

A comparison of the particle size distribution in the 308 Building
for laboratory areas, supply oir (filtered by a roughing filter and water
washed ) and unfiltored outside air is shown in Slide k. The supply air
and the air in thealaboratory areas.oxhibit similar particle size distribution
curves althoughrthe air in tne laboratory areas has an increased number
of both the smallor and the laréor-sized particles than the supply air.
For the untreated outside air, the particle concentration below 1 micron
is significantly less and eabove 1 micron is significantly greater than

the concentration in the treated air.



_The partigle counter was‘used in an gttempt tq ob;erve changes in
the airborne particle size digtriputiong dﬁring minor Plutonium gontamination
incidents. No‘sign;ficant changes in parﬁicle sizé distributiogs were
observed. A calcplatiop'pf the theoretical microcgr}e cgncentrat}on for
various particle sizes was performed to determine what magpitude a
contaminétion incident would have to reach to be observed abpve the
normal particle background seen by the Royco Counter. The calcglation
was made assuming the particles were in the fqrm of PuOQ spheres with a
density of 11.5 grams per cubip centimeter. Slide 5 shows the relationship
of concentration in microcuries per particle to the particle size in
microns. A single PuO, particle at the minimum particle size (0.32 micron)
Qetectablg with the Royco Counter is equivalent to l.x 10'8 uc of plutonium
and the maximum particle size (8.0 micron) is equivalent to 1.8 x 10-4 ue
of plutonium. Assuming a contamination incident where the plutonium
concentration was 1 MPCy (2 x 10'12 uc/cc), the number of pure PuO,
pgrtiéles pef cubic foot for particle sizes from 0.0l to 10 microns were
calculated. The data from this calculation is illustrated in Slide 6.
For the minimum and maximum-sized particles detectable by the instrument,
only 5.4 pure PuO, particles per cubic foot and only 3.5 xle'u pure
PuOp particles per cubic footvrespectively would be present at one MPCy.
For the 100 cc/min sample rate, the Royco Counter would ha?e to operate
approximately 50 minutes iﬁ a l‘MPCA atmosphere to count one 0.32 micron
Pquiparticle and about 8 x 10° minufeg éo count one 8.0 micron Pu0y
particles. Very obviously, thesé isblated particles would not be

distinguishable from the normal background particle distribution.



SUMMARY o

In the laporapory argas.where gontamination may occur, approximately
90% of thg total partiples in the range from 0.32 microns to 10 micrqns
were below 0.5 micron and 98%40? the particles were below 0.8 micron. If
the plutonium particles follow a similar’distr;bution Wygrg the mgjority
qf the particles lié below 1 micron, it would appear that a size-selective
sampler would not be necessary. HoweVer, the gubmicron p}utonigm partigles
may be attached by some mechanism to larger dust particles, thus, suggesting
the use of SPecial sampling equipﬁegt. After completion of electron
micfoscope~emulsion work to relé@e specifically particle size and radio-
activity content, a better understanding of air sampling equipment require-
ments and evalua®ion techniques should become available. This study is
~ being pursued. The results of this siudy may be directly applicable in
establishing appropriate bioclogical research programs to furtﬁer evaluate

the factor (fa) for conditions as they exist in a major plutonium producing

plant.
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