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PROPERTIES OF VARIOUS FILTERING MEDIA 

FOR ATliO,SPIERIC DUST SAMPLING 

By W. J. Smith, N. F, Surpronmt, A. D. Little, Inc. . . 

IKI'RODUCTION: 

In scampling for atmospheric dust and for testing atmospheric dust con- 

ditions, a number of methods care in use which depend upon filtration to arrest‘ 

the dust particles, Tho effectiveness of any such method or even its success 

cr.& depend, to an important degree, on the filter medium that is selected, Be- 

causa they may bo so important, the properties of any filter medium should be 

well understood before its use is recommended for any test method. It is our 

present pruposa to compare and discuss properties of several filter media 15th 

respect to various air sampling requirement&, All of the media to be con- 
, 

sidered are now available, ard most of thorn aro being used for air assay work0 

There are various reasons for collecting a sample of aimosgher5.c dust, and 

tho purpose to be served will influence selection of the filtering medium. To 

mention some of the reasons or purposes of sampling; we have measurement of 

mass concentration of dust in the air, particle size distribution, chemical 

analysis of the particulates, toxicity assay, radioactitity measurements, study 

. of or~anisns, arA evaluation of soiling characteristics. 

Conditions under which the sampling must be done may also influence solec- 

tion of a modium, For exampla, glass fibers would'notbe u&d in an atmosphere 

known to contain an appreciable amount of hydrofluoric acid vapor* 

In some cases a particular filter medium is used in j certain application 

only bccauso of long standing practice h+d.ch# for consistency, is kept un- . 

ChLtn~Gd, ,I-:ouovcr when tho noed m5sos to select a fKl.ter for some now or 
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spockal purpose, an x~dcrstandi~~ of the gcnoral filtering properties of 
. 

avai!.able media should be rscful in making an intclligcnt choice0 It is our 

purpose to contribute to the fund of such information. L 

The problems associotcd with selection ‘and USC of air sampling filter 

media were discussed at the Air Cle,aning Seminar, sponsored by the Atomic 

Energy Co,mxission and held at Ames, Iowa, Sept., a-17, 1952, As a result of 

that meeting a study of filter media and sampling practices was undertaken by 

Arthur Do Little, Into A questionnaire survey of some 40 laboratories,*most 

of, them witilin the Ato,mic Energy Commission operating areas but including also 
.- 

a number of outside laboratories, provided a list of air sampling media that 

are in 'current use at these laboratories, 

We assembled a group of samples representing nearly all of the media 

that were mentioned in the survey. This paper describes and discusses air 

filtration test results obtained for,these media and for a few others'.that 

were includGd.becausc of their special interest0 Chir test methods have in- 

cluded di-octyl phthalate smoke penetration, atmospheric dust penetration, 

and plugging r ate on atmospheric dust, A range of pe?formance characteris- 

tics is provided which may aid one in selecting a filter material for any 

dust sampling purpose0 

\ Di-Octyl Pnthal.ate %no!:e Penetration Test: . 

The di-octyl phthalate smoke penetration meter or YDOP tester11 as it is 

called more commonly, was developed by the armed services during the ww ard 

has become a well knory?l ar.d highly respected device for evaluatine'.high effi- 

ciency filters, Instru;iiental parts of the te;ter and theories of their 

1 JGC mineral papers wcrc added to the group. 

. 



ol>ci*ation have been prl scntcd hell in the l$terat)lro (1,2,3), For our needs 

hcrc a very brief description will scrveo Thc'rc is a smoko @ncrator for pro- 

ducing a controlled, mono.dispcrscd liquid aerosol of di-octyl phthalatc, Th+is 
\ 

is accomplished by condensation from the vapor state and the droplets so formed 

are held very close to 0,3 micron diam,. Particle loading is about 50 micrograms 

per CLL, decimeter, Also a light scattering chamber Is provided with sensitive 

photcclectric pickup means for accurate measurement of smoke particle concentra- 

tion, The tester is adjusted against full aerosol concentration (unfiltered 

smoke) and agairst absolutely clecan air. Penetration through a test specimen 

of filter medium is then read off directly in per cent0 

Since the aerosol particles at 0,3 micron diam. are in the approximate 

size range for the most numerous microscopically visible atmospheric dust par- . 

titles, the DOP test gives efficiency values that parallel those obtained by . 

atmospheric dust.counts, . . 
4 

Under the somewhat standardized conditions of normal laboratory test pro- 
r' 

cedure, DOP smoke penetration measurements are made at 28 lin, feet per min. 

through a Los in, diam, circular area of the medium, In the work to be de- 
. 

scribed> this area size was used for flow rates up to 28 feet per min, TO 

reach the higher flow velocities (up to 200 lin. feet per mine) a test area of 
I 

'1.75 in, diam, was used0 

Table I shows DO? smoke penetration effsciencies over a range of air flow 

velocities for our whole group of. air sampling media0 It is evident immediate- 

ly that there is a very great difference in efficiencies as measured by this 

tf3sto .Pcrhaps this is the point at which we should strass that DOP smoke pcne- 

tration alone must not be taken as a general measure of usefulness for ali filters. 

It is a very severe test and is nov used primarily to rate absolute-type filters, 
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GJhcn WC are do,al.ing hlth media intcndcd to*collcct bulk dust or to analyza . 

for atmospheric dust on 

minor degrco and become 

cameo Howovcr, if our 

a weight basi sg very fine particles contribute to a 

unimportant.; the DOP tost then has much less signifi- 

interest extends to tho sub-micron size dust particles 

. of the atmosphere (and these are by far the most numerous) then the DO? tester 

can tell us a great deal about k&at we can expect a filtering material to do., 

An interesting fcaturc of the data shown in Table I 'is the relation of 

DOP filtering efficiency to flow velocity for 60 different types of filter 

materials, Vo have plotted sets of data selected from Table I to show same 
_- . 

characteristic curves0 

Fig. 1 is for CWS $45 paper, At; a low air flow rate, it is very efficient, 

This is a fortunate circumstance because this type of material is used princi- 

pally for making large volume high efficiency space filters in which face velo- 
. . 

city through the medium is only five $in, feet per minute. With increase of 

flow rate, smoka penetration increases to a mrvdmum at about 39 feet per min, 

As'the flow rate is further increased, penetration again falls off, and pro- 

gressively, This behavior has been studied by Ramskill and Anderson of the . 

Kavd. Research Laboratories (4). They attribute the low velocity positive 

slope to the influence of diffusional collection while the higher velocity 

negative slope is explained by influence of inertial effects. In addition to 

flow velocity, these authors show hosr the character of the curves is controlled 

by aerosol particle size, particle density, diaileter of tho filter fiber, and 

inter-fiber spacing= 

Pressure drop, plotted separately in Fig:, lo is nearly linear with flow 

rate irdicatiny, viscous flow through the medium0 



All of the high efficiency papers, AEC jll, AEC mincrn3. fiber papers, ax-d 

HV 70 (18 mil) show curves similar to that for CWS 1'16, 
.' 

fig* 2 shows the plotted data for a still more highly efficient medium. 

. This is a sample of glass fiber paper made by the Hurlbut Papor Co. and con- 

taining a resin binder. The fibers in the sheet have a diameter of about l/2 

microno The resulting curve also shows the paal: typical of high efficiency 

Chcznical filter papers as illustrated by the h?lntman papers are made in 

several types, and they give a variety of curves. Fig. 3 shows a plot for 

paper h'o, 41 which is typical o f many of the cellulose papers. 

Paper Xo, b2 (Table I) i s remarkably efficient for an all-cellulose 

sheet, This efficiency is attained at low flow velocity, but pressure drop 
. 

is high, 
. . 

Ei.A type ~1S~~ filter which is used successfully for high volume air 

sampling'(S) shows an unusually uniform DOP efficiency level over a broad 

rang0 of flow rates (Fig. 4). I4hile all of the other filter specimens come 

in flat sheets, type "St' is different. It has a molded shape of concentric 

convolut"lons desiped to provi.da a large filtering area0 A piece was cut from 

a roasorably flat area and used as the test specimen0 

&mbr‘ana filters have been described as molecular sieves. Collection ap- 

poars to be almost ontiroly at the surface. It is perhaps for this reason that 

tboy fill up rapdily on an oil smoke (like DOP) and so may not show up to best 

cdv~tage In this test, 

All fiber filter materials *tfatiCruetl in tho COP tostore After running on 

DO? for sovcralminutes, the smoke penetration incrcasos., One explanation 

. 
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offcrcd is that electrostatic effects in tie filter body are lost duo to ac- 

cumulation of liquid, It is known that filters depending on electrostatic 

effects fail quickly when used on oily smokes, SO there is some basis for the 

sqgcsted explanation. For the present, it is only important to mention that 

' a DOP test should be made over a short period of time, 

Efficiency by Atnospheric Dust Counts: 

It was stated earlier that DOP test results are comparable with effi- 

cicncy as measured by counts on atmospheric dust particles. This is shown 

by the data in Table II, Here the DOP filtering efficiencies of the various 

media are given, calculated from Table I. Atmospheric dust count efficiencies 

are shokn for comparison., 

To measure these efficiencies on atmospheric dust, a high-speed impactor (9) 

(6) was used for collection, Particle concentrations were measured before ard 
. 

after the filter, in most cases, four tests were made on each filter and 200 

counts were made each time, Efficiencies were calculated from.counts on the 

sonic velocity stage of the impactor; particles were one micron and smaller in 

dia3etera No counts were obtained on the clean side of the very efficient me- . 

dia even after running the impactor for six hours. It should be borne in mind 

that the great numbers of atmospheric dust particles are less than a micron in 

diameter, Rating of a 

filter for performance 

filter by counts on such dust is the same as rating that 
, 

in thbse small particles. 

Even those who have been aware of the relation of DOP efficiency to par 

title count efficiency may be surprised by the close correlation of these scp- 

arate methods, The results strongly indicate that tho.DOP tester can be relied 

upon to evaluate all filter modi a with respect to efficiency against sub-micron 
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siza atmosphoric'dust particleso -. . 
. . 

Efficiency by P,article 'Silos 

In tho methods just doscrihod we Gealt only with sub-micron'sizc particles, 

Wnen WCI includo'considoration of larger ,particles, our attention bccomcs 

Umitod to the cellulose fiber filters on our list. Larger particles do not 

pen&rate tho other media of the group,' 

Table III shows the particle size analysis for unfiltcrcd laboratory air 

and for the same air after passing through each of several cellulose Mbcr fil- 

ters, In every case3 the count peak is shifted in the direction of the smaller 
_ 

particles as would be expected, h'o particles larger than two microns were ob- 

served to have passed any of the filters, Time did not permit us to include all 

of the cellulose fiber filters; we did try to select a representative group, 

Efficiency of filtration by,particle size is shown in Tablo IV, Here again 

efficiency was measured by particle count on high-speed impactor plates., No 

particles were found above the size of two microns, arid all of the filters sho7dcd 

good to excellent efficiency on particles in the ono- to two-micron range,, When 

the primary interest is in weight of dust collected, these filters are generally 
I . 

adequate since large dust particles contribute most. The weight contribution of 

a particle is measured by the cube of its diameter. 

All of the results reported have been on fresh samples of media, Allowance 

should b6 made for the fact that all filters improve in efficiency as they fill. 

1~3 a procticrJ nattsro all of tie media tested here will perform much better in 

use than our M.guros indicate, 

Life Testso 

In many air carqlin, f9 appU.catSons, plugging rate of a filter medium is not 

--. 
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a problem, But.in those cases whore it is desired ts sample over a long‘pcriod 
. 

of time or to accumulate a sizcablo quantity of particulate matter, tho rato at 

which plugging occur s may bccomc important. At timas flow resistanco or the 

devalogmcnt of flow resistance may even determine the feasibility of taking tha 

'sample, 
. 

A U.fc test or plugging rate test consists in operating a filter sample at 

some selected flow rate and observing the increase in pressure drop with time. 

The kind of equipment we have used for this is shown in Fig0 so It consists of 

separate test stations in which samples of filter mateiials may be mounted and 

operated over long periods of time. Each station has a sample holder that takes 

a 3 l/2 in. diazn,, d-lsc of the medium and exposes a test area 3 in, in diam, A 

calibrated 0rific.e meter and control valve allows each sample to be run at a 

selected rate. Our testers are arranged in two bakks of twelve units each, all 

twelve stations in a bank exhaust into a single manifold line which is connected 

to the intake port of a three-stage Spencer Turbine Blower0 . . 

The flow rate tends to fall off, of course, as the Kiter fills with its 
. . 

accumulated dust load, This necessitates periodic adjustment of the valve to 
I 

restore the proper rate* Pressure drop across each tesi sample is measured 

with a V.Ji@ tube water manometer* 

It seemed best to life test al.1 of the media at the same time so that any 

question of varying dust conditions in the ai. would not enter in. This- broqht 

up the matter of flow rate at Khich to run; for direct comparisons, all should 

be run at the same rate0 The very low rate of fkvc lin, feet per tin, yas se- 

lected as a start k%th th8 intention of increasing the rata after the rapidly I 

plugging samples had bean removed. When pressure drop becaixa too high for any 

manoaoter, that test was sto??ed. After 480 hours of running, the flow rate I 

. _.,.‘. 
. ..’ .‘- : ” 

,. ., 
, ,.... 

* . 
. - 

1 . . . ..A. 



was stcppad up to 28 lin. feet por min. for all surviving spocimcns axccpt the 
. 

mcabrmc filters. only scvcn specimen filters wcro romtining 120 hours later0 

Atnosphcric dust loading over tho time period of the run was measured by weigh- 

ing the total dust load on a mrmbrana filter. 

Table V includes life tests for the ontire group of samples. With ono ex- 
. 

,cqtion, the test specimens were flat discs, Tha exception, YSA type "S", as 

mcntionsci before is a molded filter with concentric convolutions. lh used a 

-whole filter and adjusted air flow to allow for the greater area which wo es- 

timated to be 75 sq. in. 

It is interesting that the media which plug most rapidly are not ncccssar 

i3.y themost efficient nor those with highest initial pressure drop. As a class 

the chemical filter papers tend to plug most readily. High efficiency papers 

shou much better life. The membrane filters are very interesting; pressure 

drop is high initially but increase , AS only a little as dust load accumulates. 

In our ex2crience and to the best of our knowledge, the r-ate at which a 

filter becomes loaded does not determine its life, regardless of time the pres- 

sure drop through a sa-nplint 7 filter is f'ixed by the amount of accumulated dust. e 

Operating at low flow rate merely extends the time; dust loading in the air . 

( assu7Lng a constant dust composition) and the total mount of air passed are 

the controlling variables. In our life tests we used very low flow rates. 

For'this reason Tablo V gives a slow moiionpicture'of plugging rates. Ljfe 

for'a%r other fl.oz,or dust loading can ba est3matcd from the data given. 

Discussion of Piltcr Properties: - 

For convcrJance of reforence,Table VI contej.ns some general inkonnation ' 

on the variou.s filtor media uo have been discusoing. ble do not consider this 

Tablo to ba con;pl.ete in any way. It COnl;tinu rjome Gf tho mora Gbv-ous quakitics 

/ 
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along with a fcti measurements of our own. . Valucs'for ash content of the chemical 

papers were given by the manufacturers. V‘alues for other media, we dctermirdd. 

Very often some s>ccial property will,dotenninc the suitabil-tty of a given mai 

teriol. Such properties are important and must be considered along with filter- 

ing performaxe when a sampliw medium is being selected0 

Chemical filter papers appoar to be used more widely than any other type of 

air assay medium. This may be because they are nearly altiays at h,and in a labora- 

tory. For those purposes where the filter must be destroyed to isolato or con- 

centrate the dust, the low ash chemical filter papers are particularly useful0 
.- 

High surface reflectance of light from chemical papers have made them pop- 

ular for those test methods which are based on discoloration of the collecting 

surface. 

Although chemical filter papers probably were never intended ‘for ,air scam- 

pling work, they have proved to be most popular, Many kLnds are available and 

data in the Tables of this report show the range of performance.characteristics 

that can be expected, There are some properties inherent in paper and other fi- 

brous media which are disadvantageous in some cases* Th,ese will be mentioned at 

the end of this discussion. 

Chemical papers in particular ofte'n are found to contain pinholes, Nnen 

this. occursp it is likely that even some very large dust particles ryill pene- 
_ 

tratec 

Unless an air filter medium is manufactured especially for the purpose,its 

performance cha racteristics are likely to vary fron lot to lot. Chemical filter 

papers arc manufactured for chcrxLcal laboratory work. They are made and used 

primarily for wet filtrationrj. Therefore it is not surprisi-2 that wLdo varia- 

tion in ctir filtration is often found for chemical filter pqar. Tablo VII 

. . 



Usts some e~zerimcntal res$ts that illuotrato ti-153 point. . 

The manbrane filter is relatively now, but it holds great promise as an 

all-round assay medium (7,8). It is highly efficient, may be obtained in white’ 
. 

or black, particles accumulate only on the surface, refractive'indox is such 

that the filter structure itself becomes invisible for oil immersion microscope 
. 

viewing, and the filter can be dissolved if need be or it may be destroyed in 

other ways. Because they are very delicate, the membranes must be handled care- 

l filly and supported during use. To genortizo, there 

properties associated with membrane filters than with any other one medium. 

appear to be more useful 

' 
. 

The felt-lib papers Cl:! #6, AEC $1, md the AEC mfneral fiber pa?ers were 

designed for efficient air cleaning ard serve that purpose effectively. They 

are not so well suited for most assay work. Dust‘particles penetrate the struc- 

ture so that they are buried an3 lost for some types of radioactivity measure- 

'ments (cicounts). These papers,are so high in ash that they are not at all 

ussable wf;ere the filter must be distroyed to perform analysis of the dust, 

If suitable precautions are taken they may be used for gravipletric sampling . 

on eventhe fY.nest of dusts ati fumes. . 

XV 70 is a closely formed paper and has found use particularly in radio- . 

activity monitoring. 
. 

al-glass'papers, like those developed by Naval Research Laboratories (10) 

and made to a limited extent by several pqer comganios, are-to be recommerded 

for high tanpcratures or in the presence of corrosive fumes or gases. In our 

series the Hurlbut glass paper is an example. These pagers are made of very 

fine glass fibers a& are the most efficient of fibrous filters.. Some have 

resin or other bindors, and this should be burned out before using the sheet 

in most Mnds of test Work. In gratietric work care must be taken that loose 



. 
fibers la.ro not lost from the shceto 

All fibrous filters, cellulose or glass) have water associated or adsorbed 

in their structurmo The amount depends upon atmospheric humidity and will vaq~. 

In weighing the amount of dust load collected by such filters, it is very im- . 

portant to condition the filter at a known humidity loveI. before every ueighing 

and to weigh the filter in a closed container. 

Dust collected on a fibrous filter will penetrate ttie filter body to some 

extent, For this reason it is very difficult, if not imiossible, to make dust 

studies under the microscope on most paper filters. 
. . 

A group of atmospheric'dust sample media has been sWed for performance 

characteristics. The media were selected to represent tixose in use in a number 

. of, laboratories, -Test methods used were di-octyl phthalzte smoke penetration, 

atmospheric dust penetration, efficieicy by particle size, and plugging rate on 

atmospheric dust. A wide range of propertie's were shown, 
i 

The filtering properties have been discussed and ths suitability of the 
. 

media for various applications have been indicated, 

It has been demonstrated that efficikncy measureme&s by the DOP smoke 

test follow very closely the results ‘given by atmospheric dust counts, This 

suggests that the fast DOP method can be used to rate 'aw filter medium on per 

cent of atmospheric dust penetration by particle count,, 

AC'XXON-iiDCUXi'a * 

1 We are indebted to the Atomic Energy Coxxission for use of the hata used 

in this pqcr* The experirllentnl work was done by Arthur De Little, Inc. in 

comction with a research and development program oponmsod by the AX. 

. - - 

*. 
.-. 

;,- 

i 

_ . 

‘.. . 
. . . 

I. 

3’ 
I. . ..“I . . . .” I . . ., .L. 

d. ” .“. . 

,.. . W”. - 
. . . . 

..;, 

b 

\ . . 

. ,,.” .” rr. 

- . 



317 

1. 

2. 

. 3m 

4. 

6. 

7. 

8. 

10. 

REF'ERENCES 

David Sinclair, tlPhysical Properties of Aerosols," AirPollution, Louis C. 
McCabe, McGraw Hill, Ch. 18, p. 169 (1952) 

Victor K. LaMcr, "Preparation, Collection, and Measurement of Aerosols81t 
Air Pollution, Louis C. McCabe, McGraw Hill, Ch. 74, p. 607 (1952) 

Frank T. Gucker, Jr., t~Instrumental Methods of Measuring Mass Concentra-' 
tion and Particulate Concentration in Aerosols," Air Pollution, Louis C. 
McCabe, McGraw Hill, Ch. 75, p. 617 (1952) 

Eugene A. Ramskill and Wendell L. Anderson, 'IThe Inertial Mechanism in 
the Mechanical Filtration of Aerosols," Jl. Colloid Science, Vol. 6, No. 
5, ppa 416-428 (Oct. 1951) 

Leslie Silverinan ati Frederick J. Viles, Jr., ItA EQh Volume Air Sampling 
and Filter Weighing Method for Certain Aerosols,f' Jl. Ind. Hygiene and 
Toxicolo,~, Vol. 30, No. 2 (1948) 

SanHn, Jl. Incl. Hygiene and Toxicology, Vol. 28, No. 6, ppe 269-272, 
(1946) .' 

Melvin H. First and Leslie Silverman; {'Fir SaqYlim.g With Membrane Filters," 
A.M.A. Archives 
TJnn,1953) 

of Indust, Hygiene and Oct. Mediciz, Vol. 7, pp. l-11 

. 

A. Goetz, UAerosol Filtration with Molecular Filter Membranes." Chem. and 

Earl Stafford and Walter J. Smith, 'IDry Fibrous filters for 
Air Cleaning,lt Air Pollution, Louis C. McCabe, X&raw Hill, 

Thomas D. Callinan and Robert T. LJcas,lThe Manufzoture ‘and 
Paper Kidc From Cerx&c Fibers", Naval Resa,arch Laboratory, 
D.C.,(October 20, 1952) ilza4 Report Iro44 

High Efficiency 
pe 264 (195'2) 

Properties of 
Washington, 



. 

318 

. 

1: 
E c 
2 
f 

t 

wA.sn-170 

. 

- 

. .I, 

i . 

c\ 
. d 



wmrr-lye 

! . . 
319 

t 

! 

. 

TABLE II 

.Impactor Count Efficiency on Sub-micron Atmospheric Dust Particles 
Compared with DOP Efficiency for Various Air Sampling IIedia , 

FLOW RATE 20 LINEAR FEEX P"R KCNUTE 

Filter Medium 

t 

2: 
41 

E” 
44 50 

540 

‘s&s #6ah 

n-v 70 9 mil 
IIV 70 18 mil 

ISA Type “S” 
Millipore Type %A" 
Xillipore Type "k&l' 
S & S liltra Filter 

Hurlbut Glass Paper 

ASb Glass-Asbrjstds 
AEC All-Glass 

Atmospheric Dust 
Count Efficiency 

Per Cent"* 

130 
i 

96.5 
99.5 

46, 

a*Average of 4 teStS. 

b. Calculated from Tablo 

DOP Efficiency 
Per Centb' 

570 
23. 

190 
9902 
98.6 

ZJ: 
. . 

15. 

9605 
9903 * 

-48. 

YYe9+ 
YPoY+ 

99*99+ 

9909+ 
9909+ 

9909+ 
YY*P+ 

I. . 
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TABLE'JX 

. _ _ . . . : _. . . 

Va+atdons in DOP Smoke Penetration and Pressure Drop 
for various Saxlples of chemical Filter Papern 

* 

. . 

. - 

. . . . - . 

. _ _... - 

at28FPM' w 

_ .  ̂ .:. . 
_ 

. 

Reported Rezulta 
h'natmn Nlter *(Table I) 

. . Paper No. AP In. of Water- $ Penat. 

-1 10.6 

__ . _: 

I 2.8 

32 38. 

40 : X5. - . . 

41 2.0 . 

UH .2.7 . 

42 

50 .’ 48,s 

0.35 ’ 

8. . - 

75. 

78. 

0.22 
._ _. 

0.5 

0.9 - 

%hre? sanples tested in each tux. . 
-, 

. . 

. ..-.. -. .1. . . . . . 

No. Box,es 
&P In. of Water- I Penet. TestedA 

.- 

: 

9.5- 12.8 12. - 28. 5 
_ .- . 

2;2 - 2.8 72. - ‘75. 2 

38. - 45. ,008 - 0.35 1 . 

l3.0 15. 8. -13. 2 

. 

2.0 - 4.2 49; - 75. 4 

2.7 76. - 82. '1 

i4.i 5;. .G - l 9 4 . 
: __ _ . . -.._ .- -_ . . .I- . _ .-. 

40. - 4e. 0~25 - 0.5 1 

4?j. - 61. 0.3 - 1.2 ' 2 . 

-- . 

. 

. . . b. . . 
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