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APPENDIX III

Removal of Asbestos Fibers by Pall 0.2 Micro­
meter Absolute (AR) and Coarser 

______  U l t i p o r W  Membranes_______

Summary %

The ability of the Pall 0.2 um* (AR), 3 urn (AP), and 10 um (AY) 

absolute filter membranes to remove asbestos was tested. The 

suspension of asbestos was prepared by homogenizing and soni­

cating asbestos fibers removed from a commercial pyrogen removal 

grade asbestos filter. This suspension was passed through the 

test membrane and all filtrate particles were collected downstream 

on 0.2 and 0.1 um absolute analysis membranes. The analysis 

membrane was then examined for the presence of asbestos. In no 

case were asbestos fibers detected downstream from the 0.2 um (AR) 

or 3 um (AP) absolute membranes. Asbestos fibers were however 

detected downstream from the 10 um absolute membranes. A theory 

accounting for the unexpectedly high removal efficiency of the 

3 um absolute' membrane is presented.

Materials and Methods ;

1) Asbestos:•

Asbestos was removed from Ertel EO filters and placed in 

deionized water. The suspension was dispersed at 5000 RPM

* um = micrometer
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for 4 hours with a Gifford-Wood model FL6806 homogenizer 

comprising a close clearance rotor and stator. This was 

followed by sonication (using a high energy level Bendix 

20 KC magnetostrictive unit) for 5 minutes and filtration 

through coarse wire mesh. The final suspension contained 

approximately 10 million fibers/ml, 0.1 to 0.5 urn in dia­

meter and 0.2 to 5.0 urn in length.

2) Asbestos Removal Test Set Up:

3) Test Procédure:

The test membrane and set up (without the analysis membrane 

installed) were flushed with pre-filtered tap water flowing
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at 3 liters/min. for 2 hours. An analysis membrane was 

installed and a blank taken with 250 ml of deionized water 

run through test set up shown above. The analysis membrane 

holder was disconnected and opened in a laminar flow HEPA 

filter fitted hood and the membrane was placed in a plastic 

petri dish. The set-up was reassembled with the membrane to 

be tested in place, and with a new analysis membrane, and 

500 ml of asbestos slurry was run through the test set up at 

the same flow rate. The analysis membrane was then removed 

as described above. Flow rate used throughout the tests is 

15 ml/min/cm2, which is several times higher than flow rates 

typically used in actual filtration service.

4) Methods of Detection:

a) Optical. The method used was that published in "Criteria 

for a Recommended Standard - Occupational Exposure to 

Asbestos", Report of Review Committee, National Institute 

for Occupational Safety & Health, Publication No. HSM 72­

10257 (1972).

b) Scanning Electron Microscope. A JEOL Model JSM-2 SEM was 
used, Resolution 150 8 (.015 um)

c) X-Ray Dispersion. An EDAX 707A energy dispersion analyzer 

system was used, which provides qualitative, semi-quantita-
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tive and quantitative information about the composition 

of the specimen.*

Results ; ■

1) Optical Method s:

Three separate tests were run using 0.2 urn Pall membranes as 

the test membranes. The HSM 72-10257 method was used to scan 

30% of the area of analysis membranes. In each case the 

blanks and the tests showed no fisible asbestos fibers.

*The following is a capsule explanation of an X-ray energy dis­
persive analyzer system whose acronym XREDAS and other variations 
have been widely used. When added to the SEM electron column it 
provides chemical analysis "in situ" without destroying the speci­
men, When a specimen in the SEM receives energy from the electron 
beam it must release an equivalent amount of energy in some form.
One way that it achieves this conservation of energy is by emitting 
X-rays, each of which has a particular energy that is determined by 
the structure of the atom from which it comes. Since all elements 
in the periodic table differ in atomic structure, it is possible to 
identify the elements present in the specimen by simply identifying 
the energies of the X-rays emitted. When an X-ray strikes the 
lithium drifted, silicon detector, it is converted to an electronic 
pulse whose heights is proportional to the energy of the X-ray,
The pulse is then amplified and shaped by a preamp and amplifier 
before being counted and analyzed by a multichannel pulse height 
analyzer (MCA). The energy processing of each X-ray is completed in 
less than one microsecond, permitting sufficient data for multi­
elemental analysis to be obtained in minutes. The pulses are counted 
and sorted according to their height by a special purpose hard-wired 
computer called a multichannel analyzer. The data output is in the 
form of a spectrum showing the number of X-rays that have been.counted 
in each of the four hundred channels comprising the X-ray energy range. 
Interpretation of this spectrum provides qualitative, semi-quantitative 
and quantitative information about the multielemental composition of 
the specimen, an X-ray energy analysis system can be used to map the 
distribution of one or more selected elements or to perform a line 
scan showing how the concentration of a selected element changes from 
one region of the specimen to another.
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2) SEM:

Table I shows the results we obtained using the Scanning 

Electron Microscope to examine the analysis membranes.

Between 1.5 and 3 hours was spent in examining each analysis 

membrane. No asbestos fiber was detected downstream from 

either the 0.2 or 3.0 um absolute Pall membranes (tests 1 - 5 ) .  

Asbestos was, however, detected downstream when coarser pore 

size membranes were used; in test 6 we used a 10 um pore size 

membrane and were able to count asbestos fibers downstream? 

this grade of membrane removed more than 99.9% of the influent 

asbestos.

3) X-Ray Dispersion:

X-ray dispersion was used to identify all particles observed 

during scanning. This tool was extremely valuable since relying 

only on visual identification is often inconclusive and innaccu- 
rate.

Discussion s It will have been noted that the 3 um absolute element 

quantitatively removed asbestos fibers as fine as 0.1 um in dia­

meter and 0.2 um in length. Normally, the 3 um graded filter re­

moves over 90 to 99% of particles over about 1 um, but is not at 

all effective at 0.2 um. The reason for the effectiveness of this
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filter in removing such fine asbestos particles is believed to 
be the following:

Asbestos (Chrysotile)is strongly positively charged in aqueous 

suspension. The fibers of which the filter is composed are 

strongly negatively charged. Removal efficiency is greatly 

enhanced by the opposing charges.

This theory is supported by the observations that when 

separately suspended in water, both asbestos fibers and the 

filter medium fibers are well dispersed with little or no 

floccutation. If the two suspensions are mixed, heavy 

flocculation occurs - indicating strong interparticulate 
attraction.



TABLE I
A SB E ST O S F IB E R  R EM O V A L E F F IC IE N C Y  O F P A L L  U LT IP O R  M EM BR A N ES

T e s t  M em bran e
A n a ly s is  M em bran e U sed

0. 1 u m  M illip o re  0. 2 um  N u c le p o r e  0. 22 jam  M illip o re

1. P a l l  AR (0. 2 ,um) T e s t  M em b ran e  1
% A re a  of A n a ly s is  M em b ran e  Scan n ed
M agn ification
R e su lts

0 .4  
10, 000 
No A sb e s to s

0 .4  
10,000 
No a s b e s to s

2. P a l l  AR (0. 2 ,um) T e s t  M em b ran e  2 
% A re a  of A n a ly s is  M em b ran e Scan ned  
M agn ification  
R e su lts

2 . 9 
10,000 
No a s b e s to s

2 .9  
10,000 
No A sb e s to s

3. P a l l  AR (0. 2 /um) T e s t  M em b ran e  3 
% A re a  of A n a ly s is  M em b ran e  Scan ned  
M agn ification  
R e su lts

0. 1
8, 000
No A sb e s to s

4. P a l l  AR (0. 2 Aim) T e s t  M em b ran e  4 
% A re a  of A n a ly s is  M em b ran e  Scan ned  
M agn ification  
R e su lts

0. 1 
8, 000
No A sb e s to s

5. P a l l  UP (3. 0 yum) T e s t  M em b ran e  1
% A re a  of A n a ly s is  M em b ran e Scan ned
M agnif i c a ti on
R e su lts

0. 1 
8,000
No A sb e s to s

6. P a l l  10 u m  T e s t  M em bran e
% A re a  of A n a ly s is  M em b ran e  Scan ned
M agn ification
R e su lts

R an dom
10, 000
A p p ro x . 5, 000 a s b e s t o s  
f ib e r s  on the a n a ly s i s  
m e m b ran e . N ote th at 
the e ffic ie n c y  of f i ltra t io n  
i s  g r e a te r  than 99. 9%
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