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ABSTRACT 

Current research includes studies to define the performance of 

multiple (series connected) high efficiency filters against plutonium 

oxide aerosols; and theoretical calculations evaluating industrial 

air cleaner performance in terms of total mass collection, potential 

for particulate inhalation and lung deposition, estimation of visi

bility degradation, and production of condensation nuclei. 

Filter testing has required the development of plutoniuro oxide 

aerosols with aerodynamic size characteristics comparable to those 

produced under a variety of actual production and research operations. 

This involved development of milling and aerosol generation techniques 

to control particle size and minimize production of particle agglomera

tion. Experimental data using these sub-micron aerosols confirm that 

successive filter stages perform at or above minimum acceptable effici

ency. Current studies are directed at evaluating filter performance 

for plutonium oxide aerosols as small as 0.1 ym. 

Performance characteristics have been calculated for different 

industrial air cleaners as a function of aerosol size. These have 

been calculated in terms of total mass, respirable mass, visibility 

degradation, and number concentration. In many instances the tradi

tionally defined total mass collection efficiency does not provide a 

reliable index for predicting performance in terms of the other cri

teria which are of primary concern when evaluating health and environ

mental effects. 

*Work supported by the U. S. Atomic Energy Commission. 
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Aerosol research at. the Los Alamos Scientific Laboratory is di

rected at a variety of problems associated with air cleaning require

ments for nuclear facilities, and other operations presenting a po

tential impact on the environment. Two specific, and very dissimilar 

problems which will be discussed in this presentation are: (1) evalu

ation of air cleaning systems for plutonium facilities, and (2) computer 

analysis of the relationship between air cleaner performance in terms 

of total mass; respirable mass; potential for haze formation; and 

number concentration; for various typical industrial air cleaners. 

While emission standards have not been established for radioactive 

particulates, AEC Manual Chapter 0524 has been interpreted to require 

that emission concentrations must be controlled to limit the release 

-14 of plutonium to 6 x 10 yCi/ml, measured at the point of discharge. 

To reduce contaminant concentration to these limits, plutonium facility 

air cleaning systems must provide decontamination factors of approxi-

9(2) mately 10 . Multiple stages of High Efficiency Particulate Air 

(HEPA) filtration have generally been used to satisfy these require

ments. While performance levels of single stages of KEPA filters are 

well defined, unresolved problems are introduced by the need for mul

tiple stages to provide the required decontamination factors. Filtra

tion theory predicts a minimum in collection efficiency for particles 

of approximately 0.3 ym aerodynamic diameter. Quality control testing 

of HEPA filters is done with 0.3 ym dioctyl pthalate (DOP) particles 

with minimum acceptable efficiency set at 99.97%. For series opera

tion with aerosols having a dispersity of sizes, theory would indicate 

that minimum efficiency would be exceeded by the first filter and at 

least satisfied by back up filters. However, substantiating experi

mental data did not exist. 
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Because of the importance of reliable high level air cleaning 

controls for plutonium facilities, and these partially unresolved 

questions, it was necessary to provide additional assurance that HEPA 

filter media would perform against plutonium aerosols at the leve.1 -

suggested by theory, and monitored by DOP quality control tests on 

individual filters. To provide this information,, an experimental 

program was initiated to (1) define size characteristics of the source 

terms from the major AEC operations using plutonium; (2) simulate 

these aerosols under laboratory test conditions; and (3) define the 

performance of multiple stages of HEPA filters ageiinst these labora

tory aerosols. 

Field sampling to determine Pu particle size characteristics and 

alpha activity concentration was performed immediately upstream of the 

exhaust HEPA filters at five locations. These were selected to monitor 

Pu aerosols produced by typical research and production operations 

238 239 utilizing both Pu and Pu. Samples were obtained during the most 

active periods of the working day, when activity concentrations could 

be termed "worst normal" and most source operations would be contrib

uting plutonium aerosols to the process ventilation system. 

Particle size characteristics were determined by radiometric 

analysis of each of the nine stages of Andersen impactors. Errors 

due to possible rebound of particles were minimized by covering the 

impaction surface with filter media. Extensive field sampling pro

vided a range of aerosol size characteristics for estimating the most 

difficult aerosols to control. The effluent from chemical processing 

operations produced plutonium aerosols with typical activity median 
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aerodynamic diameters (amad) of 0.3 to 0.5 um, and the highest activ

ity concentration, thus constituting the most difficult air cleaning 

problem. 

A laboratory test system was designed and constructed to permit 

238 

testing three small HEPA filters in series using Pu test aerosols 

with size characteristics similar to those defined by the field sam

pling program. HEPA filter efficiency was determined in terms of 

plutonium activity passing each filter as a function of aerosol size. 

Dual samplers simultaneously collected membrane filter sample for aero

sol concentration, and an Andersen impactor sample for measuring aero

dynamic size characteristics thereby defining both overall efficiency 

and efficiency as a function of plutonium aerosol aerodynamic size. 

Several plutonium aerosol generating methods were investigated 

4 
before choosing the modified ReTec nebulizer. To approximate plu
tonium aerosols with 0.1 to C.5 ym amad's measured under field con-

238 ditions, P u 02 powders were dry ball milled for various time intervals 

and suspended in water to a concentration of 2.5 mg/ml. Ultrasonic 

agitation of the suspension broke up agglomerates, and addition of a 

anionic surfactant kept the suspensions well dispersed. By adjusting 

the ball milling time, it was possible to produce aerosol with amads 

ranging from 0.7 to 1.6 um, with a 's ranging from 2.1 to 3.0. To 

provide aerosols similar to those measured at the chemical processing 

facility (typical amad's of 0.3 to 0.5 um), a centrifugal ball mill 

was used with a carrier liquid to reduce agglomeration. These new 

procedures yielded aerosol amad's as small as 0.2 um. 

For the plutonium aerosols produced through dry ball milling 

(amad range of 0.7 to 2.1 um), overall HEPA filter efficiencies 
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determined by gross filter samples for each filtration stage are sum

marized in Table I. Aerosol size characteristics in terms of amad 

and o generally decrease at succeeding stages. As expected, filter 

efficiency is highest for the first stage, but the measured HEPA fil

ter efficiencies remain well within the present minimum AEC performance 

5 guidelines for each stage; i.e., 99.95% for first stages and 99.8% 

for succeeding stages. In fact, the second HEPA filter efficiency 

always exceeds 99.99%. 

Minimum efficiency noted for the third stage is slightly below 

the 99.8% guideline. This was due to statistical problems encountered 

with sample count rates below .05 c/sec downstream of the third HEPA 

filter, and counting problems due to gaseous contaminants from radon-

thoron daughters. Modifications to the original test procedure to 

provide better count statistics resulted in consistently higher ef

ficiencies for the third HEPA filter, and indicate that a third HEPA 
5 

filter in series will satisfy existing AEC guidelines. 

Overall HEPA filter efficiencies against the smaller aerosols 

(0.2-0.7 um) are summarized in Table II. The first and second stages 

5 . . 

were all well within minimum criteria guidelines, with the minimum 

measured efficiency for each of the first two filters in series of 

>99.98%. HEPA filter #3 shows an average efficiency of 99.84% with a 

minimum efficiency of 99.50%, significantly lower than HEPA #1 or #2. 

However, these lower efficiencies appear to be an artifact, attributed 

to poor count statistics at the sampler downstream of HEPA #3. The 

more recent tests (last 6 tests in Table II) having higher initial 

aerosol concentrations, thereby increasing the challenge aerosol to 

HEPA filter #3, show efficiencies exceeding the minimum criteria guide

lines . 
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Efficiency of the first and second HEPA filters in series as a 

function of size was also well within minimum requirements, even for 

the smallest size fraction of 0.12 to 0.22 ym defined by the Andersen 

impactor operated at 3.0 cfm. 

Emission control regulations for airborne particulates are nor-

6 — 7 

mally defined in terms of weight per unit volume of effluent gas, 

with size distribution of the particulates seldom considered. The air 

quality criteria document for particulate matter points out the im

portance of particle size on parameters that must be known to quantitate 

affects of airborne particulates. These include: respirable mass for 

health effects, scattering coefficient for visibility effects, and sur

face area for chemical reaction. However, the desire for simplicity 

and large samples encourages the use of a high flow rate filter sampling 

method, and the expression of air quality on a total weight per unit 

volume basis. On the basis of these sampling methods, a wide variation 

in effects can be noted for similar values of air quality. The defini

tion of emission standards in terms of total weight per unit volume ef

fluent gas has led to the definition of air cleaner performance in 

terms of total mass collection efficiencies. Performance of air cleaners 

is also dependent on particle size, so the relationship between mass 

collection efficiency and efficiency with respect to other parameters 

will depend on size distribution of the challenge aerosol, and collection 

characteristics of the cleaner. 

To determine the relationship between these efficiencies, a com

puter model has been develop-d. Using this model the performance of 

several industrial air cleaners has been determined with respect to 

collection efficiencies for total mass; respirable mass; number con

centration; potential for haze formation; and surface area. The model 
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involves computer simulation of different challenge aerosols; charac

terization of the aerosol with respect to the parameters of interest, 

passing the aerosol through hypothetical cleaners; and characterizing 

the penetration aerosol. 

Challenge aerosols in the model are log normally distributed, and 

size distribution were selected to cover most aerosols encountered in 

air cleaning operations. Calculations have been carried out for fifty 

aerosols with sizes ranging from 0.5 to 70 urn volume median aerodynamic 

diameter (VJ1AD) and with geometric standard deviations (o ) ranging 

from 2.5 to 4.2. These aerosols were generated by approximate integra

tion of the size distribution function for small intervals of particle 

size. All parameters of interest (total mass, respirable mass, etc.) 

are also calculated for each interval. The data from each interval is 

stored and also summed to provide the total for each parameter of 

interest. Criteria for defining these parameters are: 

a) Number Concentration: The total number of particles in each 

interval is determined by dividing the volume in the interval by the 

volume of the particle of average diameter for that interval. 

b) Respirable Mass: The calculated respirable mass is based on 

the American Congress of Governmental Industrial Hygienists curve. 

This curve assumes particles having an aerodynamic diameter greater 

than 10 um are nonrespirable, and all particles smaller than 2.0 ym 

are 90% respirable. These two points are connected by a smooth curve 

through the following points: 25% for 5 yra; 50% for 3.5 ym; and 75% 

for 2.5 ym. Respirable mass in this case defines those particles that 

penetrate to the deep lung, with some fraction having a long-term 

retention. This definition would not be appropriate for particles 
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resulting in acute toxicity to the upper airways or the G. I. tract, 

or for very soluble particles. 

c) Surface Area: The total surface, area in each interval is 

determined from the number of particles in the interval and the sur

face area of the. particle of average diameter in the interval. 

d) Haze: The potential for haze formation is assumed to be 

Q 

proportional to the scattering coefficient (b) where 

n 2 b = E N.K.TT R. , where (1) 
1 1 1 ' 

i=l 

where n is the number of intervals; N_. the number of particles in the ith 

interval; R. the average radius of particles in the ith interval; and 

K. is the scattering area coefficient for a particle of size R.. K. 

is a complex function of particle size, index of refraction and wave 

length of the incidence light. For the purposes of these calculations 

approximate values of K. given by Van de Hulst are used. For deter

mining K it is assumed that all particles are nonabsorbing spheres with 

an index of refraction of 1.5, and that the illuminating light has a 

wave length of 0.524 um. 

After generation of the challenge aerosol and determination of 

the parameters of interest, the aerosol is passed through a hypotheti

cal cleaner to determine the reduction in terms of each parameter. 

Efficiency curves defining air cleaner performance as a function of 

particle size were taken from Stairmand"^ and represent average per

formance for long-term operation. The efficiency curves were corrected 

to unit density particles and are assumed to operate on dry air at 

room temperature. After the aerosol passes through the cleaner, 
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the parameters of interest are recalculated for the penetrating aero

sol in the same manner as for the challenge aerosol. The magnitude 

of the values in the penetrating aerosol are then compared to the 

challenge aerosol to determine the percent reduction in each parameter 

of interest. 

The results for aerosols having two different values of a and 
g 

passing through a small diameter tubular cyclone are shown in Figures 1 

and 2. These results show that for aerosols having a narrower size 

distribution the reduction in volume is more closely related to re

duction of other parameters than in the case of aerosols having a 

wider distribution. In each case, the reduction in respirable mass 

is relatively constant for all aerosols having median diameters larger 

than 40 um with the percent reduction in respirable mass being lower 

for aerosols with larger values of a . Similar results were seen for 

electrostatic precipitators with the constant performance level occur

ring at a higher efficiency. The reduction in respirable mass is very 

dependent on the efficiency of the cleaner for small particles. For 

aerosols having wide size distribution (large o values) increases 
g 

in median diameter leads to marked increases in volume collection 

efficiency, with only slight increases in the reduction of respirable 

mass. For aerosols having volume median diameters less than 30 ym, 

the efficiency in terms of potential for haze formation does not in

crease with increasing median diameter as rapidly as does the efficiency 

in terms of total mass. In this region aerosols having larger median 

diameters will show marked increases in mass collection efficiency with 

only slight decrease in haze formation potential. 

10 



These results indicate that the definition of air quality or 

air cleaner performance in terms of total weight per unit volume does 

not provide a reliable index of performance of the air cleaner, or 

definition of air quality, with regard to the primary parameters of 

interest. 
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HEPA 
Filter 
Stage 

1* 

2* 

3** 

Table I. Overall HEPA 

Pu Aerosol 
amad 
(ym) 

0.70-2.1 

0.45-0.82 

0.37-0.70 

* Total of 14 experimental rv^s 

** Total of 11 experimental runs 

Efficiency Range 

min avg 

99.99+ 99.99+ 

99.99+ 99.99+ 

99.49 99.86 
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HEPA 
Filter 
Stage 

1 

2 

3 

Table II. Overall HEPA : 

Pu Aerosol 
amad Range 

(ym) 

0.22-0.66 

0.29-0.48 

0.15-0.42 

HEPA Filter* 
Efficiency (%) 

min avg 

99.99+ 99.99+ 

99.98+ 99.99+ 

99.50 99.84 

* Total of 15 experimental runs 
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Figure 1 Performance characteristics of small diameter tubular cyclone 

for challenge aerosols having geometric standard deviation 

of 2.5; volume reduction, — A — surface area re

duction,— o — respirable mass reduction, — a — haze 

potential reduction, and — o — number reduction. 
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Figure 2 Performance characteristics of small diameter tubular cy

clone for challenge aerosols having geometric standard 

deviation of 4.2; volume reduction, A — surface 

area reduction, —o—respirable mass reduction, o — 

haze potential reduction, and — o — number reduction. 
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