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INDUSTRIAL HYGIENE FOUNDRATION OF AMERICA, INC.

Industrial Ventilation Survey
of the
United States Asbectos Division
of Reybestoa~dlanhattan, Inc.
Manheim, Pennsylvenia

March 14,15,16 and 17, 1944.

STRIARY

This is & report of a study undertskon to locafe the moet inpor-
tant sources of dust and %o develon additional dust conitrol measures at
the Menhoim plant of U, S. Asbostos Divisfon of Raybestos-Lanhntten, Inc.
Sixteen dust counts ware made in various departments. These samples
indicats that conditions in the Picker Bouse are not satlsfactory bul .
dustiness in the Carding, Spinnirg and Twisting Deperiments is less than
5 million particles per cubic foot. Recommendetions are made that cen
lead to a reduction of dustiness in the Picker House as well as in the
Carding D_egartment. It is belicved that while the card room is under
consider% negative pressure the consequent starvation of tie exhesuel
oguitment 1; probably mot in itself sufficlont to account for a:iy'markod
reduction in control of dust.

The results of dust counts are given in Table I.
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INDUSTRIAL HYGIENE FOUNDATION GF AMERICA, INC,

Ipdustrial ventilation survey of the U.S. Asbestos Div. of
Raybestos-tanhattan, Inc., Hanbeinm, Pa., March 14, 15, 16, 17,1944,

*

TAELE I

Dust Counts

2.

Sample Parvicles
Mo. Date Tine Location and Cperation rer_cu. ft.
Pieker liouse
24  3/14/44 1150-2:01 P At Pan Crushers, to nearly simulato 8.7 riliton
operator!s exncsure
Floor Ratehinz - Exposures of 2 vork-
27 3/14/44 1:35.1345 P ers outside booth - Finished about 1.7 million
142
Operaticn of Pan Crushers for Amosite-
2l 3/14/44 2:16-2%27 P Time represented complete cycle of 38.0 million
oporation. (1/2 hour daily)
. er Batch feecding verticel opensr. Zx- fqys
Af2s 1004353 -]
19 3/14{t4 4i22-4332 P posurs of operator within booth 9.9 millioa
ESP 52 ninuts sample et contral poiat
10 3/17/44 9:150-10:424 of roon for "genzral air." near S.6 million
verticsel ovpener
Cardirg
Gengral eir walking about various .
23 3/14/44 2:59-3:10 P carding naechines in Breeker Card 4,0 milliox
Room
Basido point of dischargs from con- <
a/4 117.3:27 P * " . cn,
26 3/14/44 B:17.3:27 denger 4o box in Bresker Card Room 5.8 millicn
At roving end of 4 Tinish cerds, ¥l,
1 3/15/44 10:54=11:004 2, 7,8, Ceneral air - Exposure of 2 4.3 million

attendants

Along ceniral aisle-way, at camsl-back

+1 85, 1:885 [ i
2  3/15/44 11:15.11:2BA ond3 of cards £.8 million
ESP Between finisher cards, #15,16,21,22.
. . All wvindows of carding and spinning o -
n 8/17/44 10:49-11:494 room open wide to simulate surmer cone 2.8 millicn
ditions
Spinning and Winding
Y s 5 At mule opinner, while follcwing oper- -
; 3/3;5[44 11:48-11: 584 ator, to simulats his exwosurs & nilliox
At Urniversel wingers, Znd floowr, ade
4  3/15/44 1:10-1:20 P joining cards - following operator 3.0 nillion
{no exroust)
. At Foster VWinders. Aversge of odl
/ 156.12 . n
3/15/44 1136-1:146 P aisle-veys 3.6 millio
3/35/44 1:160-2:00 P At Tuisters, fvorace of ell aisle-ways 4.0 miliion
At L-fr:zmes on £nd rloor. Avoragod )
5 119-2:2 d «& millio:
3/15/44 2:19-2:29 P alon. oiclesvays 3.6 millioa
8 8/15/44 %:45-2:55 P At L-freues on lst floor. Average 2.0 million
* i e along aisle-waye )
Hoto: ALl saaples with Mideot Impingsr except those marked ISP (Flectrostati

Precipitautor.)
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INDUSTRIAL HYGIENE FOUNDATION OF AMERICA, INCG.

Indugtriel ventilation survey of the U. S. Asbestos Div. of
Raybestos-llanhattan, Inc., Lankeim, Pa., March 14,15,16,17, 1944,

DUST CONTROL IN THE PICKTR IDUSE

Operation of the pan crushers results in excessively high concan-
trations of dust as shown by Sample 24 (8.7 millicn). It is recoumended
that thka system originally designed, which contemplatad keeping the door3 of
the enclosure closed most of the time, be stlzpplanted by the following arrange-
mentt

Exhaust from esch pan crusher hwod a sufficient volume of air to
create a velocity. of 200 feet per minu:ts througﬁ one of the tvo working
openings whose dimensions should be reduced to 2% feet wide by 25 fee$ high.
it is suggested that inasmuch as $he two openings would never be necessary
at any one time, deorviay covérs be provided ithat are interconnected so that
whon one is opened the other will c¢loss. The covers might b hinged and
their closure motions connected by cable and pulley or they could be siidable
vertically and similarly interconnected. In any case a snug fit is unneceasary
and sbould be avoided for ease in manipulation., This plan will call for a
total exhmust capasity of 5000 c.f.m. for the four crushers. |
Batchinz
!Thl dust counts of Samples 27 and 19 indicate that the two workers
stationed outside the booth are not cxposed .to izportant dust comcentrations
but that the nan who feeds tho vertical opener within the booth is exposed
to concentirations of about 10 million particles during the actusl batching
by the two men outside. His &veraga expoeure, of course, is less than tlis

heceusa of the intermiitent nature of the operation.
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INCUSTRIAL HYGIENE FOUNDATION OF AMERICA, INC,

Ipdustrial ventilation survey of the U, 5. Asbestcs Div. of
Raybestos-Manhattan, Inc., Hanhgim, Pa., Yarch 14,15,16,17, 1944.

It is recormended that consideration ba given to the eraction of
a "batching bed” comprising a long narrow bip, located in the position
where the pile is now made on the floor., This bin would be enciosed gnd
exhausted and have as an important element, a side facing the opener that
may be removed or sehifted by raising when the batched material is ready for
faeding to the mechine. TFurther study will be given to this et the iins of

the next visit. The arranzeuent i3 illustrated diagrammatically in Figure 1.

Tandem Vertical Opener

phis unit was not in reguler operation at the time of the atudy
_but it wes ap_;garent from a brief, specislly arranged operation thzt cone
siderable dust lesks from the cast iron cover located adjacert to the con-
denser. It should be possible to correct this without the spplication of
exbaust, either by replacing the cover or by providing an sdequate -gasl}:et.

The gieant cu‘fter, Johnson's grader, waste machine and willew

were not in operation at the time of our studies.
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INDUSTRIAL HYGIENE FOUNDATION OF AMERICA. INC, 5'

Industrisl ventilution survey of ¢he U. S, Asbestos Div, of
Raybestoas-lshhattan, Inc., Menheim, Pe., March 14,15,16,17, 1944,

~

DUST COITROL 1IN CARDING

Studies of uncontiolled dust scurces around the carding machines

disclosed ths following:

Foed Rolls
An appreciable amount of dust originates at the feed roll of many

of the finishar cards, which can best be observed with an intense light beam.

Some machinsa are equipped with cuxved trays or bafflos under this roll

which are effective in minimizing dust at this poinmb, Observations on tkhis

point, made on somewhat less than half of the maclkinos, eare as follows:
Cord Yo. Observation

0134
Fair (but needs front
to complete exnclosuxe)

0K

Dusty

QoK

Dusty

Dusty

(014

Dusty
(#):
0):4
CK

BB8LEFoore we

R

It i5 recommended that such baffles be installed on all finisher
cards not now equipped. This point was discussed pavrticularly with the

card room forenan.

Coazsy
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INDUSTRIAL HYGIENE FOUNDATION OF AMERICA, INC,

Inductrial ventilation survey of the U, S, Asbestos Div. of
Raybostog-lanhattan, Inc., Manhoim, Pa,, Uarch 14,15,16,17, 1944.

¥iper Roll end Rub Apron

Anothor dust cource is at the junction of the wiper roll and the
doffer. A partial check of machines was mads with ths conclugion that. an
appreciable emount of dust occurs st this point in the case of tie Lolloving
finisher carda:

Numbers 3, 4, 9, 10, 17, 18, 23, 24,

It was noted algo that some dust originates from the rub aprona
and since these are adjacent to the wiper rolls it may, for purposes of
contyrol, be considored the same source of dust.

It iz rocommended for tha top set _or rollyg that a recuovable cover
be provided clear over the upper set of rub apz;ons thus, in effect, extend-
ing the present exhsusted enclosure and rendering this dust cource subject
to the influence of the present exheust, It zay also be advisable to re-
move one stave at the lowsr end of the existing encloaure imedliately over
the doffer roll to facilitate air flow through the supplenenbary enclosure.

For the lower rub epron and wiper it is recormended that some
e:rperimant'al work bedone on a hood as suggested below. We fllustrate in
Figure 2:& oxhaust hkood or slot which is dssigned to be pleced {mmediately
adjacenf to the wiper roll at theo point where it joins the Tub apron. In
the design illustrated an attempt has heen madé to reduce the width of the
hood to the mmallest pogsibleo dimension in order to avoid interference with
proper functioning of the machine. In this preliminary design we provids

for:
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INDUSTRIAL HYGIEMNE FOUNDATION CF AMERICA, INC.

Industriel ventilation swivey of the U, S. Asbestos Div. of
Rayhestos-Mahrattan, Ine., Manheim, Pa., March 14,15,16,17, 1944,

{a) an air flow of 75 c¢.f.0l. per foot of length,
{b} a face velocity of 2000 fact per minute (to aid in
effectirg good distribution along the length of
each slot cestion, and
(e) elimination of excessive cross sectionul area in <hs
transition secticn in order to maintain adequate
velocitiea for the traansport of material,
A partial compromlise has been incorporated in thke design to aveid a oo
ccmplicated bood but it iz believed that the Jower velocliies &b the lergast
gection of the transition will not seriously interfere with its proper functicn.
Yot shown on the disgram are racessary pieces st the ends which
will extend to the side frcmes end serve to support the unit in position.

It would be advisable to have a quickly detachsble cornection with tha

branch duct that will lead $o the exkaust mein overhesad.

Resgerve Exhaust Capacity

The followirg observations indicate that there is zdequate exhaust
capacity for the supplemeniery exhaust hoods described above.

The capacity of the exhsust system indicates an aversge of 700-£E00
LTS % pqg:cylinder. Scime individual nensurenents of alr flows in difforent
branches ﬁ;rn made by means of static suction measurements and with theo
denmpers fn the position that had been set b# the operators of tho carding
departnent. Thoy indicate what wma considered adsquate by the operating

versonnel es judgzed visually. As may be seen from the results in the follow-

ing teble they vary quite widely.
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INDUSTRIAL HYGIENE FOUNDATION OF AMERICA, INC.

Industrial Ventilatlion survey of the U, S. Asbestos Div. of
Raybestos-kenhatten, Inc,, Menheim, Pa., March 14,15,16,17, 1924,

Air Flows Throuch Individual Card Eoods

(Toking Damper Adjustment as Found)

Unit Statlic suction : Adr Flow

#1 Finisher 1.9 inchea 920 c.f.m.
#2 Fipisbher 1.0 " g0 "
#2 Breaker 0.6 n 515 "
#3 Eresoker 0.8 d 580 "
#3 Pinisher 0.4 " 420 "
#4 Bresker 0.2 " 210 ™
#5 Breoker 0.6 " 10 ¢
#5 Finisher 1.6 " 840 "
#31 Erezker l.,4 o 90 ol

It is particularly significant that even in the case of i3
Finisher and #4 Breaker no escaping dust could be detected at any point.

This indicates that there is considerable reserve capacity.
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INDUESTRIAL HYGIENE FOUNDATION OF AMERICAL INC,

Industrial ventiletion survey of the U. 5. Asbestos Div. of
Raybestos-Manhattan, Lnc., Manheim, Pa., March 14,15,16,17, 1944.

ATR EXHAUST AMD SUEPLY IN VARIOUS DEPARTLIRTS

Pickor House

¥ith all doors and windows c¢losed, as is the case in winter, tha
Picker House vms found to be under a negative pressure of 1/2" water colunn.
While this is likely i:o starve at least gome of the exhaust equirzment we
believe the dust sources enumersated above are of much greatsr importance
than this factor and shouwld recelve prior attention. A tebulation of exzist-
ing exhsust capacity from this depertment is given in the table below aud

is besed principally on the measurements made by Lir. Bertelot and Mr. Gilpin.

Exhenst Cerogity in Pisker Houne

Unit Capacity
012 Shaker Screen 2500 c.f.m.
Cotton Machine 2900 C.f.m.
7illow and Tendem Vertical Opener 8000 c.f.m.
Hew P. & 5. Greader, through
condenser over shaker screen 3400 e¢.f.;t.
Hew shaker scrsen, through
condenser in card roonm 2900 c.f.m.
c.o-Bl 2400 c.f‘m.

15%* Pipe to Bresker card system,
from pan crushers, etc. (estimated) 2800 c.f.m.

Total 22600 o.f.m.

Unbalanes in Card and Svimning Dspartment

The measurement of air» flow from the cexrding eoxhaust aystems togother
with other data obtained from lir. Bertolet is tabulatoed below to indicate the

total volume of pir exhaustsd from the room.

CC459L
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Industriel ventilation curvey of the U. S. Asbestos DIiv., of
Rayvestog-lianhattan, Inc., Menheim, Pa., KHarch 14,15,16,17, 1944,

Cards 1-12 138,000 c.f.m.

Cards 13=-24 17,000 ¢c.f.m.
L.franes {older systen) 13,000 c.l.m.

L-frsnes (newer systen - estimated) 13,0C0 c.f.m.

Total 58,000 c.f.m.

The availsble data for the bresker card rcom are as follows:

Right half {double fan} 6,500 c¢.f.n.
Left bkalfr (double fan) 7,900 c.f.m.

14,500 c.fum.
From Picker Eouse {estimated) 2,500 c.f.m,

Net from breaker room 12,000 c.f.i.

Soma air is supplied to this floor from the first floor Carrier
systen but thore is a deficit for the cardirg and spinning department of
about 32,000 c¢.f.m.

There is, however, an air supply unit in this depariment with a
cepeacityaf 36,000 c.f.m. which is operating at present as a heater only and
requires modificaticn (brought out by Hr. Bertelet) to permit it to handle
outdoor air direetly. The mecessary changes should be effected.

The same is trus of the bresker room where a unit with a capscity
of 18,000 _c.f.m. requirses modification to pewmit it to supply properly

tempered wgtdoor air to the room.

Effect on Dust Control

Pitot tube measurements were made on onpe of the main pipes with
the windows open and with windows eciosod. In ths former cmse the velocity
wvag 3100 feet per minute an:d in the latter case 2970 feet per minute, a ratio
of 1.05 indicating a 5% increase i-n air flow. These measurements are not

considered cxnct,
g~ -~
C0459.
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Indusirisl ventilation survey cof the U. S. Ashestos Div. of
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e

Tha characteristic curve of the fan (imericen Blower Company,
steel plate fan, #80, at 662 r.p.m.} is shown &8 Figurs 3 and as may be
gezn from the analysia indicated thsreon, an iperease in air flow of 10 o
155 may be expected by reducipng the resistance by 0.4 inches. One would

-

hardly expect meterial difference in the operation of the exheust systan
,-——-—-—l—'—_—""-_— "

with such &8 small percentage incresse in air flow.

B ———

Dust sample ESP 1l shows a concentration, with all windows wide
open, of 2.8 nillien particles, es zgeinst concentrations of over 4 millien
{for ezample, sample #1) teken twn days earlier. If this comparison is to
be considered representaﬁivolit nust be due to the additional generzl venbi~
lation czusasd by natursl air currents through the opén wiadows. That is,
in warm weather, with all windows open, a volume of general ventilation in
addition to that caused by cperation of the exhaust systen will be obtained
and oust affect ths dust situation favorably. This would not, however, indi-
cate narked improvement in winter by providing just the proper volume of
make up air. -

Such unbalanced couditions are always likely to cause disconfort
bacausa oﬁ;ﬁrafta that occur in the periphersl arses of the room, so it

is recoma&ad that corrsction be made.
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Industrial ventilaticn survey cf the U. S. Ashestos Div. of
Raybestos-tlanhattan, Inc., Menneim, Pa., Harcd 14,15,16,17, 1944.

TWISTING DIPART.ENT

No conclusions wera raached with regard to improved dust control
in tlhig departuent but data oz the exhaust capacity and volume of air
supplied by the Carrier system ig reported below. With the assistanes of
Mr. Bertelet and Mr., Gilpin we made 6% readings of linear velociiy at the
face of the pre-heater, whose area is 81 sq.ft., and concluded thzt under
conditions then prevailing the systca was delivering 60,000 c.f.z.

A capacity of the various exzhaust systems has been estina:tccl by
lir. Bertelst as follows:

Postaer Vindars

East Fan 3300 c.f.m.
West Fan 3320 c.f.m.

Tvristine Lachlines
Hoxth Fen 11000 c.f.m.
South Fan 11000 c.fem.
Cop Winders - 5000 c.f.m,
Total 33600 c.f.m.
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INDUSTRIAL HYGIENE FOUNDATION OF AaMERICA, INC,

Industrial ventilation survey of ths U, 5. Ashestos Div. of
Raybestos-kanhattan, Inec., Manheim, Pa., March 14,15,16,17, 1944.

RECAPITULATION -. AIR TOIATST AND SUPFLY

Total Exhaust Potential Supnly
Cofl Tl e TuMe SOU,I'SG
Pickar House 22,600
Existing Carrier Unis,
Breaker Card Reom 12,000 . 17,800 nodificd
Existing Carrisr Unit,
Carding end Spinning Room 53,000 36,000 {- modiricd

Overflew from Twisting
26,400 {j Departaent

Required portion from &vail
33, 600 {

Twisting Department s 33, 600 able supply of €2,000 frou

main Carrier systen
It appears fron the tabulation above that thers are avajlable meaans
for supplying all requirements except that for the Picker Houge. It is
believed that this may be cared for by air clecning units to permit recircu-
lation from some of the Systems hardling small amounts of dust. (Sae‘

following section.}
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INDUSTRIAL HYGIENE FOUNDATION CF AMERICA, INC,

Industrial veatilation survey of tha U, S. Asbestos Div. of
Reybestos-Manhattan, Inc., Manheinm, Pa., Mareh 14,15,16,17, 1944,

AIR FILTRATIQN

An effective dust collector which will produce clean air i.s., one
with & dust content of less than 1/4 million particles per cubie foot, would
have valuzble applications. It could serve to reduce the unbalance betwsen
air exhaust and air supply by drawing air from the dust house for recircula-

tion and also would p'emit direct reecirculation fron scme of ths ex.havist 875-

toms that handle relatively suall smounts of dust such as these for tho
L-frameg and for the windars and twisters. We have in mind particulerly thae
indicatad daficit of sbout 25,000 c¢.f.m. for the Picker House.

Recirculation of air from dust c¢ollector systems whers the dust
is inherently hazardous $o health is generally frowned on and we ars among
those who usually discourage the practice., This i.ﬁ because of the difficulty
of maintaining such equipment 80 as to assurs the purlity of the air returned,
owever, it is not often that thers are economic incentives as great as in
the present caée. We bellevo aﬁ'exeeption is warranted here and rocommend

certain pralinminary ex_peﬁmantation which vlll lead to an adequate systen

that wilk-__.;gvercona the o_‘bjections usually sncountered.

‘&f‘t is reccmmended for this purposs that a amall tnit be constructed
for connection to the dust houvse or to a system serving Foster winders or
L-frames so that tests including dust counts in the offluent air can be con-
ducted, The umit illustrated has bogs 6" in diemeter and about 7% long

providing a c¢loth area of approximetely 10 sq. f£t. per tube., This unit can

CO
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Industrial ventilation survey of the U, S, Asbestos Div. of
Raybostos-Nanhattan, Inc., ieanheim, Pa., March, 14,15,16,17, 1944.

o

be made with as many tubes ags desired. Ye show six for a total of &0 =sq. ft.,

and whoze capacity may be anywhers from 100 c.f.m. to €30 ¢.f.nm., depending

upon the application. It is contempleted that the ¢loth will be plugged with

some inert dust preliminary to actual use, for example limestone dust, until

——

its preliminary resistance i= 0.1 to 0.2 inches at a filtraticn veloecity of
1 f.p.m. This will probably require about 1/2 ounce of dust per sq. £%. of
cloth area.

The design is illustrative only. It may be adviseble to _1ncreass
the size to fit an availeble blower. [Further, to avoid the inconvenience of
finding a source of supply for the small quantities of filter cloth required
1t is suggested that bags be ordered from a manufacturer of such coileciors,
in which case the metal collars end other pertinent dimensions of the houeing
would be chanzged to accommodate the bhags. Elther of the following is suggested:

C. F. Berg Company

East Dedham Street

Boaton, ldass.

Parsons Zngineering Coﬁ:pany

3589 Easgt 82nd Strecet
Cleveland, Ohio.
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INDUSTRIAL HYGIENE FOUNDATION OF AMERICA, INC. lsv

Industrial ventilation survay of the U. S. Asbestos Div. of
Raybestos-Manhatten, Inec., Uanbsim, Pa., Merch 14,15,16,17, 1944,

SIMEIARY OF RECONTHDATIONS

Picker House
l. uodify exhaust for pan crusher hoeds, vroviding 1280 ec.f.m,
per hocd and intereconnected kinged doors.
2. Bepair'cast iron cover on Seco-Lowell vertical opener where
dust leakage occurs. |
3. Consider the installatiqn of a batching bed enclosura, with
movable side and air exhaust in volume to creato faée velocity of 100 £.p.n.

(See page 4 and figure 1.}

Carding Machines

4. Install curved trays under the feed rolls of tho finisher
cards requiring them. (See page 5.}

5. Construet experimental removable cover for one or two finish
cards for dust frem upper wiper roll and rub apron. (See pags 6.)

G éonstruct experimeﬁtal slot-hood for lower wiper roll sand
rub epron. Provide connection o exhaust system at a convenieny location
for test§§§Eand another for attaciment to one or two selected machines.

{Ses pagna&kfand 7 and figure 2.)

Air Filtration
7. Construct a model filter dust e¢cllector for efficiency tests
with arrangements for ecomaection to dust house for ome test and to spinning
and twisting exhaust systen for another. (See pége 14 and figure 4.)
It would be advisable to cowplets most of the above prior to our

next viait, especially Noe. 1, 4, 5, €
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Industrial ventilation survey of the U, S. Asbtestos Div. of
Raybestos-l{anhattan, Inc., Maaheim, Pa., March 14,15,16,17, 1944,

ELECTRON LIICROSCOPE EXALTIATION OF DUST

It was felt that an exsmination of the air-borne dust by tle
electron miecroscope would throw somé additional lizht on the fundamental
problem of asbestosis even though we draw no dsfinite conclusions therefrom.
One school of thought maintains that the pulmonary condition resulta frow

a mechanfical action of asbastos fibers on lung tissue, yet the duat seen in

counting is almost all ron-fibrous.

. Through $he ¢curtesy of the ressarch laboratories of the Al*minm
Comneny of Auwarica, which. is a member of Industrisl Hygisna Foundation,
slectiron nmisrophotogzephs of alr-borna duét have besgn obiained and ers
appendoed hereto. The dust wag collected with the electric precipitator in
the carding room.

Two questions were propounded by us to the laboratory, as follows:

1. Are the cubical (non-fibrous) particles that ere seen in the
lizht microscope used for counting actually composed of unbroken bundlas
of fiber as in the parent rock? {Particles of this shape comprise over $5%
of those seen and counted.)

A_‘. Is there a large quantity of fibers whose length is several

Mcﬁm b;xf which are invisibls by the light f£ield set-up because their
diocmeter is below the limit of resclution?

Tho report included the following:

04590
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Industrial ventilation survey of thoe U, 5. Asgbestos DPiv. of
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"The dust waes found to contain many fibrous particles as well as
non-fibrous particles as shown in Fig. 1. At the magnification used for
4his micrograph (5000X), bowsver, the non-fibrous particles may appear to
predoninate. This is not the case and no doubt results frow the amell siza
of the fibers as exzmination at bhigh magnification shows that much of tha
natoerial is present as amall fibers a3 shovm in Fig, 2. The fiders wers
found to rangs in length from e fraction of e niocron up to a few microns
with an average length of zbout 1 micron. The thickness of the small Pibters
ranged from 0.01 micron to 0,05 micron (iOO-SOO Ancstrom units) with the
average closer to the lower limit.

"he nature of the non-fibvrous particles probably is as suspected -
that ia, thay consist of bundles of fibers which have not been broken apart.
This is svident from a few of the particles in Fig. 1 and p.ar‘bi-cularly Tfron
the perticle in Fig. 3. Several fibers protruding from the end of the large

bundle are shown in the lattsr micrugraph.”™
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