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THE EFFECT OF CERYSOTILE ASEESTCS ADDITTIONS TO CELLUZCSIC PAPZR

I. INTRODUCTION

In the previous paper the pfoperties of & highly refired chrysotile
asbestos product were dissussed. The three principal charactezjistics of this

product that apply to paper epplications are:

1. The surface charge - cationic
2, Particle shape - fibrous
3. Surface characteristics -
(2) organic adsorption
(b) chemical reactivity

These properties differ surfigiently trdn those of the more corven-
tional paper a;iditi'res to ipdicete a promising potential for use i the paper
dndustry. In addition, refined asbestos is & materisl of low cost and 1s 3
aveilsble in sufficient quantity to supply & consumer as large as the peper
industry. Advances 1n processing technlques have insured e uniform produst -
thet can be supplied within quite rigid specifications. Witk respect to
abresiveness, radiozetric determinatlorns pave shown that the purified asbestos
{8 considerably less sbrasive then ordinary fillers or bleached sulfite pulp.
The properties {mparted to paper by addition of purified crtrysotile astestds,
as well as paper-machine behavior, vere determined by experimental wark toth
in the laboratory a:d. in full scale mill ¢trials., These results are discussed

in this paper. ) .
- II. LABORATORY DATA ~ . \

. The leboratery results, as reported kerein, were obtained in our ‘own
laboratories at Tuxedo, New York, and through the efforts of Professors L. c.
‘Jenness -a.n.d A. J. Chase of the University of Maine, wto have acted as our cone-
sultants during this prograd. The tests were conducted principally in the
lavoratory Noble ard Wood handsheet machire and, unless otktervise specified,
used e 'blee.ched" sulfite stock teaten to & Canadian Stardard Treeness of 300 +
10 ml. Eandskeets were zade et the standerd basis welght of 60 grams per square
meter and tested, wherever applicable, according to the TAFEI standard E_x:gced'- '

ures.
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1, Effects on Retention - The effects of {ncorporating & bighly
“ﬁbriuated chrysotile fiter in cellulose paéer were ‘found to be unique
2008 ynorganic additives, Because of its electropositive surface charge,
the sel?f retention of the asbestos f#i{ber is very high vhen compared with clay
or titaniuz dioxide piguent. As shovn in Figure 1, this {mproved retention
45 significent o8 a single pass retention system or in one where vwhite water
pecirculation is employed., On the basis of single pess retenticd, the
asbestos showed almost 804 retention canpared with only 40% for either clay
or titenium dioxide. - | .
It can be postulated that any method of introducing & positively
cherged materisl into a paper furnish should tend to improve retention of all
components. A sumery of the relative surface charges of paper-making com-
stituents (as calculated from laboratory peesurenents of 1pdividual mobilities)

&

vere determined to be: , :
Blesched Sulfite Cellulose S 6.4
. ' _ . -9 5.0
Titanium Dioxide (RA-SO) =19 10
. None 6
Talc o | -15 6.6
Purified Chrysotile Asbestos +38 6.6
. ) *""5 500

Accardingly, tha chrysotile asbestos should coflocculate with any and all of

the furnish constituents. That this is 8O 4s shown vhen asbestos and Ti02. . ...

et

pigment are agitated together to form what appesers ¢to be a fibrous 44tanium
dioxide pigment. Titenium aioxide dispersed in water produces & milky 11quor
that tends to remain cloudy for long periocds of time. When coflocculation is
. achieved.,'the water at the interstices of the flocs is clear. Thus, all of
the Ti0, is being held by the gsbestos. Electron wicrogrephs of the combined
product (Figure 2) show thet the pigzent is still in the aispersed state and
is he}.d by the asbestos. Most importa.nt is the act that these flocs are
forzed \{ithout agglomeration oE the pigment. This should allovw paxioum-effi-
ciency in obtaining 1ts optical properties. ’

| ‘Mhe gdvantages of asbestos over conventional ﬂoéculanté, either

2.
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EFFECTS OF CHERYSOTILE ASEESTOS ADDITIONS TO CELLULOSIC PAPER
Rotert G. Woolery*
The effects of incorporating & new, highly purified,
grit-free chrysotile asbestos fiber in cellulose paper are
discussed. Data are presented from both laboratery handsheet .
4

tests and paper mill trials on the effect of the fiber on

both operational fectors and on sheet properties. Effects
4nclude retention of cellulose fines apd fillers

sich as Ti0a, freemess, drying rate, pitch control, bright-
pess and opacity, softness, strength, porosity, printability,
and dye retention. Savings possibilities and other econcmic

factors are also discussed.
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inorganic or organic, are two-fold: (1) retention without agglomeration, and
(2) floc stability. Exgerience hes shown that no degradation of the flcc
occurs even after repeated agitation, Once formed, these 2locs are stable
even under prolonged high-shear agitation of a Waring Rlsndor. Laboratory
studies have shown astestos to be compatible with all types of organic and
polymeric flocculants. In a furnish of high filler content, particulerly, the
combination of asbestos and coagulant is especialiy effective. Usually the
pet effect is greater than can be echieved by either alone.

‘ Data from lsboratory tests run on hardsheets to demonstrate the re-
tention properties of chrysotile fiber are shown in Figures 3 and L, The con-
trol series for this evaluation were mede with 4% clay. Where asbestos vas
employed, it was substituted on a pound-for-pound basis for clay, so that at
equivalent retention the ash ard opacity values would be comparable. The level

‘ ofTiOz eddition was then varied from no Ti0p to 10% added based on the stock.

It is epparent that the retention of the additives is greatly improved with as
1ittle as 2% asbestos. Clay retention 1s elso greatly affected, Because these-
data are based on single pass retention values, the values &are quite low as can
be seen in Fisure.lt. Since this is probably the most difficult retention con-

dition, the-effectiveness of the purified fiber is clearly demonstrated.
In another series of tests, run under gimilar conditions but with

- high levels of clay, the results wvere equally encouraging. The ash values for

levels of clay additions ranging from 25% to 50% show that the retention of the
£11ler is incressed with increasing asbestos edditions up to 6% esbestos

(Figure 5). The effects of white water recirculation on the ash content of the
sheet were also detex;nined and are shown in Figure 6. Whersas the average ash
retention only reeched about 474 with a one pass circuit, with recirculation
‘the average retention was yncreased to 70%. There is alsc evidence that equili-
brium vas reached in the recirculaticn system at 3% asbestos vhereas 1t required
gbout 5% for the single pass systeﬁ:.

2. Effects on Czacity - Inasmuch as chrysotile asbestos has an
index of refraction of 1.52 - 1.55 that is gimiler to that of kaolim, it could
be expected tc have equivalent opacifying povwer. On the basis of the amount
edded, ‘asbestos-filled sneez3 showed higher opacities; however, &s is shewn in A

- Figure T, the opacities are essectially identical at corresponding filler

weights in the sheet, 'In the ceries where asbestos vas substituted for 2% clay
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4n a titanium dioxide filled sheet, the resultirg opacities associated with
the asbestos were invariably higher. In Figure 8, the sverage opacity im-
erease is from 2 to 3 points. This {s attribvuted to the increased retention
of all components through the cationic charge of the chrysotile asbestos.

3, Effects on Tear and Tensile - The comparative tear values for
the addition of either clay or asbestos are similar. For both minerals, small
quantities are beneficial whereas larger quantities prove to be detrimental.
Figure 9 shows that small quantities (< 5%) of asbestos resulted in better tear
factors. Above 5% asbestos additioms the tear fa#tor decreases below that for
clay-filled paper., This effect is probably due to the geocmetry of the fiber as
well as to its smaller perticle gize, Asbestos 1s more efficient at disrupting
the hydrogen bonding of the sellulose fiber than are pon-fibrous mirerals. An
even better example of the geometry effect can be seen in Figure lo', vhere the
tensile values are shown for corresponding filler content of the sheet, Oné.e
3¢ filler in the sheet is exceeded, the effect on tensile strength is influenced
considerably more by the asbestos than by either clay or T402.

L, Effects or Sortriess . While the strength of the sheet is reduced

by asbestos content, & correspording softening effect is also achieved, This

relationship is shown in Figure 11, In a light-weight tissue sheet a 9% asbestos

' content resulted in doudbling the sottﬁess values obtained on a Clark Softness-

Stiffness tester., Various furnishes were investigﬁted and ell types appeered to
regpond in & manner similar to the light weight sulfite furnish.

5, Effects on Pulp Freeness - As might be expected from the use of
a small sized, ﬁbroixs filler, the freeness of the fuznish is affected, The
degree to vhich the asbestos slows up the furnish drainage appesrs to be depend-
ent on the original freeness of the stock. For example, the data in Figure 12
shov that the lower the freeness of the stock the less it 4s affected by asbestos.
At the low levels of asbestos additional norzally used in paper this has not been
e problem in the mill.

6. Effects on Porosity - With the incorporation of the highly
refired asbestcs the sheet porosity {inveriably has a terndency to decrease with
{rcreasing asbestos content as showvn in Figwe 13. The {nitisl high izczease in
porosity values obtaired by . the addition of petween zero and 2% asbestos is
attributed to the retention of fires. This effect normally accompanies the eddi-

tion of chrysd’cile astestos.
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7. Effects on Pristability - llormally, sny time tke porosity of

the sheet is reduced srd the formation of the sheet is 1mproved,Athe”print-
ebility is subsequently benefited. Printing evaluations by the Pesezrch In-
stitute for the American Newspaper Publishers' Assceciation of samples obtained
from the various mill trials verified these conclusions. Where sheet containe
ing asbestos were compared to the control runs on the saze grade, improvements
in the following properties vere noted '

l, Smoothness

2, Opacity 4 .

3, Ink Transfer ‘

L, Printebility

In most cases, improvezents were noted for toth the felt and wire

sides. Usually the oore s;gnifica:t improvexents were otserved on the wire
side thus demonstrating an improvement in two-sidedness, -

8. Effects of Stock Type - Some data have been cttaired on fur-
nishes employing stocks other than a bleached sulfite stock. For the most part
the data obtained were consistent with the results reported so far, The tno'st
potzble exception was in s typical newsprint furrish of 80% groundwood - 20%
bleached sulfite. Under these conditions, as Buch 25 €% asbestos ir the sheet

caused no apprecisble reduction in the tensile strengta. This probebly can be

.7 attributed in part to the inkerent weakness of the sheet a=d, in part, to the

retention of the groundwood fines which contribute to the sheet strength.

9. Other Avplicstions - Probebly the largest single arrlication
for asbestos, in addition to those already descrided, is a§ a pitsh controlling
-agent. Laboratory studies have been conducted on a'wide variety of pulps, but
because of the diversity of pitch problems, no universal dsta sxe obtainaﬁle.w )
In the majority of the cases, however, asbestos bas prcven to be more effective
than other commercially available products. Tae total reduction in pitch is
generally ohiy slightly lower then competitive products but the amoun® of asbes-
tos necessary to reach this level is usually significantly less.

Considersble latoratory effert kas also gone into the retention of
peater-additive latices., Since most of the corzercially available latices are
anionic, they have proven to te compatidble with the cationlc enrysotile.. It hzs
been found advaniageous to blevh the asbestos with the cellulose first in order

to put the astestos on the cellulose ina diépersed state, * Thus, when the latex
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4 sdded, 1t 13 deposited uniformly throughout the furnish and minimizes the
rm the latex agglomerates vhich are undesirabdble in the finished
astestos retention is almost universally 4mproved and the

have been found to ve enhanced (particularly wet

tendency to fo

sheet. The overall

resulting physical properties
tensile and fo1d) to & higher degree then can be attributed to the improved

lstex retention. ‘

Studies in dye retention have showd that .21: asbestos sddition will
generam improve the retention and greatly red.uce‘ the two-sideness. This 1s
particularly ¢rue with acid and pigeent dyes. It has also teen possible to
gre-dye tbe gstestos vwhich in turn can be edded directly to the furnish and
results in 8 close control of color and shade.

A rather unique application was also discovered in the field of con-
Tts function in this eres 1is to improve the sheet formation
iform distribution of the conductive media through éo-
quired for this applice-

ductive paper.
and to provide @ more un
flocculation. Again, the asbestos addition levels Te

tion are found to be in the 2-3% range.

17T, MILL TRIAL DATA

Since the beginning of this progran, something
trisls have beed conducted. In the majority of these 4+rials the purified

asbestos has perforaed as predicted froa the lgboratory studies. In egddition,

on machines where mineral additions sre commonplace, Bo serious problex:s have
developed due to the sddition of asbestos. These trials have been conducted
on a wide variety of paper greades as well as in paper board. " A reviev of soue

4in excess of 200 n;Lll

of these triels demonstrates the versatility and sdvant
_chrysotile fiber. ‘

‘ 1. Retention - In e machine trial cn 8 LO 1b. opaque cinting -
paper, 3% aspestos_substituted for 3% clay resulted in & reduction of the Ti02
1vs/ton_to 120 1bs [ton and eliminated the glue previously

requirezent from 165
This was gccomplished without departing from the

used as a retextion aid.
specifications of the sheet and without mzchine problems. A summery of these

results is es follows:

+ ottt

ages obtained with the




Condition 4 Clay 4 Asbestos % Ti0» 4 Glue  Opacity
# ‘ . ————

1 (control) I - 8.25 o 0.85 89.5
2 1 3 - T1.0 - 0.85 92.5
3 1 3 6.0 0.25 ol.
L 1 3 6.0 - 9l.

In another trial, on & 37 1b bond paper, 2% asbestos was used for a
corresponding emount of clay. Titanium dioxide amounting to 2.5% of the furnish
wvas also going into this sheet for opacity. A summary of these results follows:

PAPER ANALYSIS

Condition Opacity % T10 4 Ash % Ti‘OQ Retention
Pre-trial 8205 1.5’4 12.0 . 6505
24, Asbestos Added  83.5 2,20 13.9 8s8. .

Post Triel €2.0 175 , 12,2 70.

These data show an improvement in TiOg retention from about 68% to
_88% with 8 2% asbestos addition.

. In sddition, the saveell effluent was monitored during both the control
and trial pericds., The average solids content during the pre-tria.l ard post-
trial period was 2.3 pourds per 1000 gallons, During the trial the solids con-
tent was reduced to 1.5 1lbs per 1000 gallons. Due to the improved efficiency
resulting from the asbestos, a 35% reduction in eollds loss was realized.

It 4s not unusual to expect saveall efficiencies mprcvement during
these trials. In one trisl, particular attention was paid to the zaveall unit
since it had been operating under a heavy losd with & low efficiency. In this
" {nstance both the influent and effluent were monitored., A summary of these data

follovws:




Condition Influent
—__.—-——— R—
puring Trial (2% asbestos)
1.0 hr. 1L.3
2.0 hr. 13,2
3.0 hr. 11.0
Post Triel 21.bk
Average:
Without Asbestos 19.6L
With Asbestos 12.83
Reduction in Solids
resulting from the use
of Asbestos 35%

¢ile fiber is in the tissue
inorganic softening agent.
to mpe.rt'tyoth softness and a velvety hendfeel
typical i'éiationship between asbestos ;:ontent

Seveall - (1bs solids/1000 gal.)

‘A natural application for the highly refired chryso-
This mineral is unique as en
Yuzerous mill trials heve d._emonstrated its ability
to both tissue and towels. A
and Handle-O-Meter values on & Lo
The levels illustrated, up to 5% asbestos,

pound towel is shown in Figure 1lb.
are typical of the levels used for this purpose.
addition reduced the Handle-O-iMeter values from a control of 27 to 17.

In a machine trial on a 13.25 1b tissue,
improve softness and handfeel.

ard towel grades.

Effluent

k.36

1.15
0.90
0.71

6.00

5.18
0.92

82¢

Saveall Efficiency

Th%
93%

L
>

For this grade a 5% asbestos

L4 asbestos was added to
The furnish consisted of 25% Pine, 60% Hardwood,

end 15% Broke, The effects on Eandle-O<Meter values wvere 2s follows:

Condition

. Control
Trial

-

# Average of 6 reels
#% pverage of 8 reels

HANDLE-Q-METER VALUES

—

Not only was a signilicant improveﬁent in soft
level of difference tetweea zachine direction and cross-machine direction was
Thts ¢s prodably due to the improved sheet formatlon.

reduced by nearly 50%.

MD CD

15 * 22,5 *

g ** 11.5 *
c—

ness reelized, but the
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‘In sddition to these i:provéaents the improved drying rate of the astestos-
filled tissue resulted in a lower steez requirezent to the Yankee Dryer.

By virtue of the inrerent Thysical properties of chrysotile asbestos
a wide variety of applications to the tissue and towel grades have been ex-
plored. Its largest single application at this time is as a tool to achieve
quality in e wide variety of furnish ccapozents. In mills where the use of
coarser and harsher cellulose stocks (or even waste paper) is limited, the
{ncorporation of asbestios has permitted a higher percentage of these cheaper
and coarser pulps without a loss in quality and at a significantly reduced
gurnish cost. For still another mill, where the drying chein controlled the
machine speed, as wuch as 30 to 50 feet per minute increase in machine spegd
was achieved with a 2% asbestos eddition, a situation considerably mare
economical than the standard furnish at the slower rates.

3, Pitch Control - The uiost universal application to date is ir?

~ pitch control. In mills where this use has been investigated it bas been

found to be more effective then other commercially available products. Where
asbestos is currently beirg used it bhas replaced talc, at the ratio of 2 lbs.
of asbestos per 3 1lbs. of the competitive product.

Iv. CONCLUSION

These studies have shown pui'ified chrysotile asbestos to be unigue as
an inorganic additive to cellulosic papere. Unlike other paper components this
matgrial 1s cationically-cherged and, as such, performs as a retention aid to
all constituents in the furnish., Its uniformity, small particle size end fibrous
gecmetry contribute to the softness of -the sheet and improve tvo-gided effects.

.The high surface area and its edsorption of organics aid in dye adsorption amt

printability. Its perforzmance on the paper machine has been most satisfactery
and, as a rule, has caused no problem in the subsequent processing of the paper.
Where care has beern used to employ & sufficient quantity of asbestos to be '
effective, yet not so much that the strength of the paper is degraded beyond
reasonable limits, the results have been quite successful.

Because of this versatility we.‘believe that purified chrysotile
asbestos will continue to grov¥ in its present epplication to the peper _%_:id‘lzstry

and that :iev aress will develop where the unique properties of this materisl
will be edvantageous. ' |

\n
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FIGURE 2: Co-flocculation of purified chrysofile asbestos and titanium 9
dioxide (electron photomicrograph,, magnification=15,900X). =k
. m
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PROPERTIES OF ASBESTOS SUITABLE FOR USE IN CELLULOSIC PAPER

A. W. Nauxann*

ABSTRACT

Chrysotile asbestos is now available in a highly-
purified, grit-free form, non-abrasive to Fourdrinier wire and
printing plates. Its chemicel and physical structure and proper-
ties u-e described relative to the geometry of cellulose pulp
fibers. The electrostatic cha.rge prcperties and surface chemistry
of chrysotile 1n vater systems are also discussed in relation to

other materials found in paper furnishes.

#Union Carbide Corporation, Mining and Metals Division, Tuxedo,
New York,. 10987
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Asbestos is & c.lass nage for several naturally occurring
¢ibrous minersls. The most cccmon, and the one that is f£inding increas-
ing use as & peper additive, is chrysotile, Mge(OE)eS14010. The purpose.
of this pa.pe.r {s to ccmpare chrysotile properties with those of other
cmonly used additives. '

CRYSTAL STRUCTURE AND PARTICLE MORPEOLOGY

Chrysotile has & structure 1ike that of the kaolinite
minerals (1) in that the structure consists of an alternate series

of layers of tetrehedrally coordinated silica and octahedrally coordi-

nated ma.gnesium Joined into a couposite sheet, with the tips of the silica :

tetrahedra and one of the surfaces of the octahedrsl layer lying in a
common plane. The silica la.yer i{s in an oxide form. The na.gnesium layer
is in & hydroxide form, giving this layer & resezblance to the mineral
bmcite, (Mg(0E)2). Figure l is a representation of the structure, the
"a" dimension having been exaggerated to show the details of the structure.
Pauling (2) pred.icted., before the layer structure of chryso-
tile was recognized, that l. magnesium analog of the kaolinite minerals
would have to exist as curved sheets because of & mismatch in the
repeat distances of the individual layers. The normal repea.t dis-
tance for the silica layers (8.9A), as found in kaolin, 13 smaller
.than the corresponding repeat distance of an octazhedral msnesia. sheet
(9.44), as found in the meneral, brucite (3). Pauling's prediction hes

been sbundently verified by x-ray diffrection studies and by electron

n
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gicroscopyY (1,5,5). The leyers of chrysotile curve snd close to form
cylinders of extreme lensth-to-diameter ratio. It is pa.rtially this
ﬁlment-like form of cb.rysotile asbestos that makes it useful as an
edditive to 8 peper furnish An electran micrograph of typical chryso-
tile gibrils is given in Figure 2.

As 13 shown by the calibration parks, the {ndividual chryso-

tile fibrils are extremely small; many thousands being needed to make

up the asbestos filaments visible to the naked eye. Fibril lengths va.ry.

¢rom a fev microns to wy tens of microns. Diameters vary much less,

a.nd. usually are in the range 250 to 350A. As the following data {llustrate,
&

this 4s a size considerably below that of many me.terials normally consi-

&ered to be of small dimensions.

Material ' jcal Diameter
L (microns)

Rock Wool _ 1-20

Synthetic Organic Fibers 10-40

Human Hair approx. U0

Paper Pulp Fibers 10-30

Kasolin . | - 0.2-10

Ti02 ‘ 0.2-2

Chrysotile 0.025-0.035 ]

.

L 4

wl




The u.suaJ: mode of occurrence of chrysotile is a "eross-fiber"
configuretion in vhich filements of chrysotile (1.e. bundles of fibers)
are closely #acked together and éet at right angles to the walls of
cracks and fissures that extend through the host rock of the ore bedy (6).
Liberation of this material is accomplished by refeated crushing and
classification cperations (£). The resultant products, particularly
the less expensive grades, contained up to seversl percent by weight of
rock fragments and other abrasive constituents; and, for this reason,
ere not well suited to use on the high-speed machinery used in the
peper industry. '

In 1959, an unusual deposit of chrysotile asbestos, with -
properties and mode of occurrence that differ from those of cross-fiber
material, was discovered in ceniral Celifornia (7). The ore of this
deposit,‘iﬁstead of occurring in veins, occurs in randomly-oriented,
matte-like flakes and agglomerates that are not associated with the hard,
consolidated rock masses characteristic of cross-fiber deposits. The
oré 4s of high grade and is therefore amenable to éifferent srocessing
procedures than are usu#lly used with conventional chrysotile ores.
Specifically, wet-processing procedure; bave been developed that give
rise’ to high-purify asbestos products, essentially g;it-free and of high

brightness.

i 2




| ABRASIVEXESS OF CERYSOTILE PRODUCTS

The measure of abrasiveness commonly used in the paper industry
{s the Valley Abrasion Test. Essentially, the method consists of rubbing
a section of Fourdrinier wire with & Micaste block in the presence of a
slurry of the material under test. The slurry is introd.uced at the inter-
face between block and wire. It then flows through the wire to &
receiving vessel frcm which it is recirculated to the interface. The
results of the test are reported as tke "Valley Abrasion Value", corres-
ponding to the weight lost by the wire in m.illigrams Unfortunately, the
Valley Abrasion Test dses not work well with fibrous materials, since F
fibers ere retained on the Fourdrinier wife and do not recirculate freely.
A radicmetric-tracer xnethod was developed to circumvent this problem.
The details of this method have been given elsevhere (8), but, basically,
it consisté of measuring the amount of radicactivity transferred to the
particles of a suspension, from an {rradiated Waring-Blendor impeller,
during a prescribed blending period

A comparison of the a.brasiveness of wet-processed and conven-
tional dry-processed chrysotile products, along with data for bleached-
sulfite paper stock, 1s given in Figure 3 The data points of this ﬁ.gure, -
which establish the correlation between the Valley and the radicmetric |
methods, are for a group of nonfibrous samples for which Valley Abrasion

Values were availablet—Count-rate ranges observed for samples of the

.
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giprous paterials are superizpesed on this correlaticn curve, and the
valley ebrasion values ynferred. The actual count-rate ranges for

paterials of the different types vere:

Count Rate

counts,/=ia)
Wet-Processed Chrysotile Products 500 to 1,500
Bleached Sulfite Paper Stock 2,000 to 2,700 )
Dry-Processed Chrysotile Products 24,000 to 18,000 ’

The vet-processed materials were cleaerly much les;s abrasivé than the

oy

conventional products, and, in fact, were less abrasive tban papeT pulp.
The wet-processed materials, therefore, would not be expected to ceuse
excessive wear to metal surfaces such as those of Fourdrinier wires,

triming knives , printing plates, etc.

'CHEMICAL AND PEYSICAL PROPERTIES

Tt will be shovn in the follovwing paper that chrysotile 1s en
unususally versatilé paper additive. The properties that make this
possible are: : '

1. electro-positive surface charge in the pE range

where most papermaking circuits operate

2., highly miéodigwticle shape -

3, high sur‘face a.reé
Chrysotile fibrils are of &olloidal dimensions by virtue of their small
diameters;-and, when suspended ia water, pehave according to the cla.ssiﬁ

electrokinetic rules of hyd:ophobic colloids. That is, the fivrils
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develop & surface éharge when suspended in aquecus solutions as a result
of an adsorption of npotential-deterzining” ions frem the suspending
gedium. With chrysotile and other oxygen-containing materials (metal
silicates, oxides, hydroxides, etc.), the potential-dete;mining ions are
H+ and OH . For a given material, adsorption tavofs hydrogen or hydroxide,
depending upon pE. Chrysotile, by virtue of the magnesium hydroxide

leyer exposed at the surface, has a strong preference for the adsorption
of hydrogen ions. Chrysotile surfacgs retain hydrogen and display &

positive charge in the range of PE 10 to 12 (9,10). Most meterials (includ-
. »

ing cellulose and the mineral fillers commonly used in the peaper industry) :

carry e pegative charge in neutral or acidic solutions. Typical values
éor the electrophoretic mobility or‘cellulose and of representative
fillers are given in Table-I. fhe sisniticﬁnce of the ;harge of
chrysotile fibrils, from the standpoint of the retention of fillers and
cellulose fines, is obvibus. Baving & mutuelly coegulating.systen of
oppositely charged particles is clearly desirable.

Electrostatic attraction, however, is but one of the factors
that influence the effectiveness of chrysotile as a retention aid. The
cylindrical shape of chrysotile particles‘ls equally important. Collli-

sion and cosgulation rate in suspensions of solids follow an expression

of the form (11).

an 2
g "KDE®m |
where D = particle diffusion constant

w

R = particle radius-ofﬁinfluence

n = particle concentration ST

-1
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To a first aﬁproxlmation;.ﬁ (the collision radius of en anisodime#sional
particle) varies as the longest dimension of the particle; vhile D (the
diffusion constant) varies as the meen particle dimension (11). The net
result, for tke rod-like particles of chrysotile, is a large effective
collision radius and a large diffusicn constant. .It has also been estab-
1ished that coagulation in polydisperse systems (1.e., systems containing
particles of differing size) proceeds more rapidly than in monodisperse
suspensions (11). These factors combine to give a high probability tof
collisions, not only between chrysotile fibrils, but also between the
fibrils and otter particulate matter. Thus, in a paper furnish, chryso- i
tile simultaneously acts as an effective "getter" for small particles
such as pigzents or cellulsse fives; and is collected 1tself, either by
the fibers of the peper pulp oOr es tenuous easbestos flocs. With either
mode of collection, macroscopically uniform distributicn of chrysotile,
and of materials collected by the chrysotile, is obtained., The electron
micrographs of Figure 4, which are of surface replicas of handsheets pre-
pared vith and vithout fillers, show the distribution of asbestos and
T1{02 on the surface of a pulp tiber.

The electron micrographs of Figﬁre L are of further interest

“with réga:d to tﬁe mechanical properties of paper. The strength of paper
1is attfibutable to:tﬁevcczbined éffects of four factors: (1) the strength
of the pulp fibers; (2)-the-strength of fiber-to-fiber bonds, (3) the

fraction of the ;iber aress involved in bonding, and (L) the over-ell

R

-er=ined by sheet formation (13). The adsorp-

.

distribusion of bonds as
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¢ion of chrysotile fibrils onto pulp fiber surfaces will heve little
{nfluence on the strength of the fibers, but may have considerable in-
fluence on the bcading between fibers. It is now generaily agreed that
bonding in paper is due to the formation of hydrogen bonds at fiber-fiber
contacts, and to secondary valence forces of thg‘iondon-v¢n der Waal's
type. Both types of bonding are of short range nesture. London-van der
Waal's forces decrease as some multiple power of distance. Even for
{nteractions between large particles, where the addit}vity of forces
extend their operative range, the forces fall off rapidly in the first

few angstroms and are practically non-existent beyond 100A (1%).

.y

Typical hydrogen bond distances are 1 to 2A (;5). The diameters of
chryéotile £ibrils (approximately 300A) are long compared to these bond
distances. This is not to sa&“that'the £ibrils act as inert spacers,
separating‘pglp fibers by 300A; for chrysotile fibrils have OE outer
surfaces that can enter into hydrogen bonding. Also, pulp fibers are
pliable and deformable to a degree, and can expand to fill in the spaces
between chrysotile fibrils. But the net effect is to reduce the total
attraction between pulp fibers. It has beea found, for example, that
chrysotile additions to paper result 1; lower tensile and burst values, -
end correspcndingly improved tear factor and softness. P;actical applice-
‘tions of this effect--to Lﬁprove the softness of tissue and towel products--
will be disc&ssed in the. paper that follovs.

As would be exgected from geometric considerationms, chrysotile

has a relatively high surlac2 ares. 'BET4nifrosen values for wet-processed

asbestos suitable for zh2 pajer industry fall in range 50 to 60 m*/g. As

"
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is evidenced by thé rather extensive use of chrysotile as & reinforcing

fi1ler for plastic and resin systezs, chrysotile surfaces have an affinity

for organic materiasls. Use can be made of this property to adsorb

(wp]

soluble organic matter. Adsorption occurs mot only for negatively charged

molecules (anionic dyes, organic acids, ete.), where electrostatic
attraction can be used to account for adsorption, but under favorable

conditions can alsc occur with cationic species. The adsorption of

methylene blue from an agueous solution is given in Figure 5. Dye concen-

tration in solution was extremely low until surfece saturation was
reached, indicating an extremely favorable distribution betwveen the sur-
face and solution even though a positive ion and & positive surface were
involved. In the paper that‘follows, examples will be given where the
adsorption prcperties'of chrysotile have been used for specific applice-
tions such as dye retention, improved printability, and pitch control.
Another property of chrysotile that may Se of interest for
paper applications is its chemical reactivity. Chrysotile is inherently
e basic (alkaline) material because of the brucite-like layers that are
exposed at fibril surfaces. It has been shown that the solubility and
reactivity of chrysotile suspensions are,.to & first approximation,
similar to those of magnesium bydroxide slurries (16). Ii is also known
that acid gases in the atmosphere and the acid nature of some of the

constituenté-of peper (elum and chloride residues from bleaching)

shorten the useful life of paper. It is reasonable to expect that chryso-

tile would provide & reseive of alkald which would adsorb and neutralize

N |

the;e'hcids, and thus would contribute to paper's permanence and durabilily.

<




In sma.{'y,
give rise to & unique cambiznation of chemical and physical properties

the shape and ccmpositicn df. chrysotile fibrils

¢tpat should meke chrysotile an unusually versatile paper additive.

Non-sbrasive chrysotile products are now available in quantity, perzitiing

their evaluation for specific applications.

r
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FIGURE 2: Electron micrograph of chrysofile fibrils (15,900X).
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ELECTROPEORETIC MOBILITY DATA FOR MINERAL FILLERS

aterial ” . 7 Mobilits
K - micron?sec per
| : , volt/cm

Keolin (Hydrite UF) - 6.2 , 1.k
Talc (Mistron Frost) - 6.6 .1
Titanium Dioxide . _ . _ _ ‘

(Titanox AWD) T 6.1 « -1l.1
Bleached Sulfite : '

Paper Pulp 6.L 1.0
Chrysotile : 6.2 . +3.1

| | ;
#Data were obtained by the micro-‘elelctrophoresisktechnique
described by Riddick (12). |
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This report has been written to show the concera on to?
grounds of those people {nvolved with asbestos in the {

Descriptions are given of the attitudes of the varicui
approached. Action taken by Union Carbide 'U.K‘. persorn:
precorded. Up to date information is presented. and it
are discussed.

Attention is brought to a formal request made by the P

Research Unit; Penarth, S.Wales, for assistance with t
programme. The recommendation is made that Unlon Car:

offer its facilities for trace element analysis of the

Samples, assembled under the auspices of the U.I.C.C.
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ASEESTOS AS A HEALLH HAZAFD IN TEE T KINGEO_ti

1.0 INTEODUCTION

Unton Carbide U.K. Limited has been promoting the sale of Coalinga asbestos for
Just over two years. During this time, the public has become increasingly
aware of the considerable health risks associated with ehe use of this material.
This has come about with a mixture of both good and misleading press articles,
and in January, interest was accelerated by a provocative television prograrme
4n which Blue asbestos was spectacullrly.condemned. .

So far, over 20 potential customers have raised the issue, and have requested
an assurance that Carbide's material will not be a source of danger to their
employees. Some have even refused to consider a laboratory evaluation until
the matter becomes satisfactorily resolved. It is felt that an intensificagion
of activity by the Factory Health Inspectors as well as potential Union r

. ebJections are the prime reasons for the reluctance.

2.0

Carbide's replies have been based upon the two communications sent from New York
Office on March 22rd, 1966, and October 7th, 1066, as well as Dr. Dernehl's
"Asbestos Toxicology Report". These have. gone part-way in alleviating some of
the anxiety. However, trere is a growing feeling that_the quoted "Trreshold
Limit Value" is no loager tenable. mis, coupled with the overall lack of
positive knowledge, still rakes the whole situation panifestly unsatisfactory.
With this in mind, it was thought opportune tO review the action takea to date
vy Union Carbide U.K., and present a survey of the information gleaned from
geversl sources. )

ETeTORICAL SWSREY -

2.1 General . o e T RN e

ve {s possible that Fubllic {nrerest was initiated 12 Great a-itain by an i3

arsicle in the Sunday mi=es (3lst Oczcber, 1963) waich su=marised he work

© o Newhouse and Thompson at the London Hospital. These two workers had )
canducted an epidemiological survey on 83Apat1ed== sdmitted to the hospital
over asproximately 39 years. Sach patient (41 rmale and 42 ferale) had
pesicively diagnosed a47fuse pleural or peritoneal mesoshelioma. Evidence
of expcsure 0 asbestis was obzained in Lo of the 76 cases wnose background
hiszories eould te accurately traced.

It was also in this arsicle that the description was given of 3 docker's
wife wno éied of mesotheliama, ard whose only contact with astesias had

. pesulted from wasning ner husband's overalls. This example has becoE 2
cliché, and is now cited by all opponents of asbestos usage..

Factories in the U.X. aTe at present governed by outzoded Asbestos Regulations
promalgated in 1831. sealisation that they are not entirely effeczive was
ed L0 LZ)=. o iehed by the Ministry of Eensions ard Nazional

——cmbns -
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of new cases of most types of pneumoconiosis, tut for asbestosis the trend
is still upward. Shown below are the nucber of diagnosed asbestosis cases
over the years 1960-64. -

1960 © 1961 1962 1963 1964
Nuczber of Cases _ 29 43 &2 67 83

The Ministry of Labour is now actively engaged in formulating a new code of
regulations, which this time will be more stringent and will include pipe
‘1assgrs and dockers, both of whom were excluded in 1931. T

To date, about 500 cases of cancer of the lung and mesothelioma are known

¢o have occurred among people exposed to asbestos dust in the UK. This

may seem surprisingly small when it 1s realised that 25,000 cases of

carcinoma of the lung - largely due to smoking - are diagnosed in this .-
country every year.- It-is pointed out, however, that it is only recently

that clese attention has been paid to the problem. It 4s therefore

d{nevitable that an uniciown nuzber of cases has escaped detection. »

2.2 Paper

Only 3 or & mills in the U.K. are bona fide asbestos users. Probably with

( these mills specifically in mind, the Paper and Board Makers Federation
sent a circular to its members last fear. This stated that the Minister
of Social Security had made regulations (invoked in 1966) which allowed for
compensation to be granted to persons suffering from a nuaber of prescribed
diseases. One of these was "diffuse mesothelioma”.

o This publication caused a number of questions and doubts by several noills
i ) engaged in the evaluation of Migh Purity asbestos. The following examples
o exhibit the approach to the problem taken by some of the British mills.

2.2.1. Soutkhalls. - cakers of cellulose wadding for sanitary applications.
. ™ig was the first mill to challenge our =aterial Iroa a toxicological

. standpoint. They ran & 2-day trial at the end of 1965, and-showed
e - . some technical advantages. They refused, however, 0 proceed further
. _ as they calculated that there would be at least 2 1bs. of airtorne

asbestcs produced each day at the creping doetor.

2.2.2. Crarles Dumer, - rival of Southalls. Also worried by dust hazard
at creping dactor and cutters. ' .

2.2.3. Tullis_Russell. - the laboratory perscnnel were advised to wear
masxs when evaluating Zigh Purity asbestos. lMNevertheless, faillure
20 run a trial so far is prebably attributable to indecisive
experimenzal work rather than trepidation as to toxic hazards.
——.

2.2.4. Dartford Pacer. - ran a trial a few days after the daming tele-
vision broadcast. The mill safety officer was present, and asked
several (mainly unanswerable) questions, as did-a nuaber of the
operatives. ?resent mill policy {s to Tun the next trial when the

subject has teen 'forgotten!

-
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2.2.5. Reed Group. = showed concern 9 months ago. Their Medic
consulted the Chemical Health Officer and sent a letter t
mill, who were intending to use asbestos., He stated that

= opinion, the amount of asbestos used (less than 2% in tke
was too small to be a hazard to health.

Other Applications S : -

" Market development in fields such as caulks, sealants, mastics,

and polyesters is still in its infancy, and is currently very ac
thése applications it has been necessary to offer the open grade
because few manufacturers have sufficiently high shear devices t
the compacted pellets.

All manufacturers are aware of the probable toxic hazards, espec . ..

already utilising asbestos in some of their products. Reaction
4t would seem that more objections and refusals to go further h:
obtained from the larger firms. This is mest likely gue o0 3 &
frequency of visits by the Health authorities, and also to more

~unicn activity.

I.C.I. are tightening up their procedures concerniing asbestos.

laboratory personnel have been {nstructed to wear masks when de.

_ ‘¢the material.

~will have to be made.

The technical section of Dunlop.Chemicals is very worried by tt

- proposal that all asbestes should be eradicated frem thel> worx

British Paints report that the factory inspectors have recor=e:
eventually insist on, costly extraction equipment for those der
dealing with asbestos. The technical personnel have stated tha
fo substizute for the fibrous material, and they envisage that

v

2.4 Dockers o P - . Lo

Until the last few months, asbestos Wis imported into the U.X,
bags. Probably as a result of the television progracewe, the Lk
are riow refusing to handle asbestos until the consigncents are
packed in indestractible containers. This atiitude has row sp:
por:s. For example, less than three weeks 2g0, a disputle aros
dacks over a cargo of asbestos.. 00 men were involved, ard ev:
erployers had offered to supply masks and overalls, together w
pay.rates, the dockers refused to work the ¢argo unsil 4% was
packed. It is believed that orly tTee ports are novw open to th
tre materizl. They are Bristol, Eull and Mancheszer.

3.0 ACTTON TAXDN FY UMION CARSIDE

3.1 Visics

i . . . smrrmnawad etrmra SenrsTher, 1
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3,1.1. Chemical Inspector of Health, Baynards House, 1-13 Chepstow Flace,
Westbourne Grove, Lendon. Contact: Mr. R. Walpole.

This is the headquarters and reference centre for the regional
factory inspectors. The outcome of the meeting was a confir=ation
‘that the 5,000,000 particles per cubic foot threshold lizit is
currently adhered to in Great Britain. It is expressed over here
as 176 particles per-c.c.

3.1.2. Asbestosis Research Council, P.0. Box No. 40, Rochdale, Laccashire.
Contact: Dr. S. Holmes., '

This is a body set up by the three biggest asbestos companies in-
Great Britain. It is primarily concerned with minimizing the
asbestos dust atmospheres in their factories. Their ambitions

. seem to have been almost fulfilled. Turners of Rochdale claim to
have had only 3 deaths attributed to asbestos since 188l1. They
believe that these were the result of the last war when their
operators were working long hours under- blackout conditions, aRd
when a quantity of Crocidolite was used. This material had rot
been used before the war, nor has it bean used since.

... Dr. Holmes menticned an item of great interest. Apparently, some
_ types of masks used to protect workers {rom asbestos and other
dusts, do themselves contain Crocidolite as the filter medius,
. Turners have experimented with them, and have found that iz is
possible to inhale an extremely high coneentration of asbestos in
s shor: space of time.

3.1.3. Pneumoconiosis Research Unit, Llandough Hospital, Penarth, Glamorsan.
Contacts: Dr. V. Timbrell, - Dr. A. Walters.

_ This unit is a branch of the Medical Research Council. It was
originated initially to study the effects of cocal dust in the lung.
It is also associated with the U.I.C.C. (Union Internatiorale Contre

Cancer). .- S eenh A F

The group consists of about 12 dompetent cen, azmong whom Drs. Gilsonm,

Wagner ard Timbrell are world authorities. They are currensl '

attezpiing to seek a solution to the problem of the aeticlogy of

mescthelioma, and also to discover wnether only one type of asbestos
- is responsitle for the developzent of these tumours.

J.2 Tockers: .
Three courses of acticn have so far been taken:

3.2.1. Meeting with the Shipowners and Dock Labour Commitiee, Unigp Carbide
' beirs represenzed by Messrs. Cheston, Sayers and Sly. The jurpose
was to acquaint the dockers with our pelletised product, ard to
learn what form of packing was most acceptablg to them. %he cutcoeme
of this reeting has already been described in a report by
Mr. P. R. Chestca on 16th February, 1967.°
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3.2.2. Messrs. Crestcn and Sly were presént at the unloading of 50 tons

of Jnion Carbide Elgh Purity pellets from the s.s. Bolinas. A

description of the consisr:aent's condition and the suksequent
difficulty encountered in persuading the dockers to work it have
already been reported’ by Mr. Sly.

3.2.3. Designs of a new and stronger pallet have been sent 12 New York
and King City. Negotiations have alsc been gonducted with several
shipping lines who specialise in container transport. One
particular company has offered favourable rates which should
ensble material to be delivered to Londen docks at a viableccost
and in a manner which will be completely acceptable to the dockers.

3.3 Literature Survevs

These are made from tize to time on the subject of toxicology, md' a
pumber of the more important articles have been collected.‘ :

il g

4.0 INTOFMATICN ACCEUED

—_——-__'___

4,1 Diseases Associated with Asbestos

Three diseases are believed to be caused by the inhalation of asbestos
into the lurss. They are: - '

4.1:1. Asbestosis. _ . .
§.1.2. Bronchial carcinoma. '
5.1.3. Mesothelloma of the pleura and peritoneun.

Evidence 1s now growing te {ndicate that there 1s also an increased
4ncidence of cancers of the gastrc-intestiml tract. It has been
sugsested that asbestos {ibres may migrate from the lung, but there
_ 41s also the possibility that they may be swallowed direct (irgestion
of bronchial secretions). Support for ewe migratiocn theory has been .
gtrengthened by the discovery of asbestos Zibres in the liver and sp.’t,_gen'."

3

§.2 Ashbestosis

b.2.1. Nature of Disease: mis disease, which appears to result from
= long exposure 10 asbestos dust, isS similar 1o the well defined
complainz, silicosis. e dust particles stizulate the proll-
— gerasicn of fitroblasts, wnich produce:a slow, insiclous, low
grade, grogressive ‘fiprosis, which commences in the region of
the pronchioles. This causes a thickening of the bronchiole
wall and the pleura, but in itS early stages, the lesion is not .
obstructive. As.fibrosis develops, however, ahe whole lung becomes
scarred, so that the oxygen/carbon dioxide interchange between the
air and <ne blood is {mpeded. - This causes an exira turden on the

_hear:, which zay prematurely fail under the .strain.

Tre final stage of asbestosis 1is the for=ation of the 'asbestos
yary'. weizh is bellieved tO pe a Ferritin envelcpe (Feritin is
- —nat » .\

mereemmrtrn Al
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the ssbestos fibre. This is laid down in concentric rings.
The Ferritin material is a normal body constituent, and the
{ron component is believed not to be derived from the iren
present in asbestos.

Mortality Rates: Examination of the Zigures covering the two
periods 1931-40 and 1957-64 reveals that there has beea no
striking change in the years of exposure or duration of illness

in the deaths from asbestosis. There has, however, been a marked |
change in the average age at death - a rise of nearly 10 years in
men and 20 in women. (This increase has been attributed to a
virtual elimination of tuberculosis in the U.X. in recent years.)
In 1964, the average age 2t death was 57 years, but even s0o,
subjects who had been under heavy exposure to asbestos were dying

in their 30's and 40's. )

ggggrimental Work: Quantitive irhalation experiments on animals

are now being carried out by Wagner et al. They have already snpwn
that Chrysotile produces less fibrosis than Amosite or Crocidolite

"for the same dose by inhalation. This appears to be due to a more

rapid elimination of the Chrysotile, probably due to a solubility
effect. Figuve 1 shows the results of giving equal doses of
Chrysotile, Crocidolite, Amosite and finely powdered glass to rats
by inhalation. Each point on the graph is the mean of 8 rats,
(equal rucbers of male and female).

The importance of particle length in the development of fibrosis -
1s still not solved. Wagner has shown that in several anizal
species, fibrosis of the lungs is produced by fine particles or
very short fibres. It {s believed that long fisres may still be

. more {ibrogenic for a given mass than short ones.

5.3 Brorchial Carsizoma
G e

§p§pgp_9g.2}gpg;§} This is the saze type of cancer as that “EEAC ]

produced by cigarettes, and 12 1§ row accepted that asbestos also
predisposes o this condizion. . :

Mortalisy Bates: The preportion of asbestosis death certificates.
wnich also record a thoracic tusour (lu=g cancer), has risen in

toh sexes cisproporsionately to tre nusber of uncomplicated cases
of asces:asis. Currently, over 20% of males cying witn asbestosis

-also have a reoplasm, Zven when viewed against the steadily

riginz {meidsnce of lung cancer in the population as a wnole,
there seems lizzle coubt that the increase is a real one.

......

Evidence of :his is shown below in Table 1: ——
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1§.1: The weight of asbestos dust and powdered glass in rats' lungs after 20 days' exposure b
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— *MALES FEMALES
rer“a ‘ Asbestosis % with Asbestasis € with
| Aﬁe::::; with lung  cancer of :;ge:tos;s with lung cancer of
2 cancer lung ' eatns cancer lurg
ppapmemen - .
1624-20 - 13 .- NIL 7 - NIL
193140 €6 13 - 19.7 _ 82 5 ' 6.1
19“1 -m 92 . : 21 22 . 8 ‘5 5 ' 11 . l
1951-60 144 bs 3.3 50 n 27.5
1961-64 13 €2 54.7 26 7 26.9
1924-64 428 141 32.9 200 28 14.0
Table 1
&
4

4,4 Mesothelioma

53.5.1.

Occurrence_of Disease: Mesothelioma is the most disturbing of the
three diseases atiributable to asbestos for two reasons. Firstly,

in contrast to bronchial carcinoma, 1%t can occur in pecple with

' minimal fibrosis, i.e. only after a brief exposure, wnich may be as

5.5.2.

1it<le as three months., Some authorities ‘even believe that a single
brief exposure might be sufficient.

Secondly, there is a very long time lag between the original exposure
and the clinical appearance of the cancer. Thirty years is estimated
to be an average time.

Cause of Disesase: The most up to date iaformation on the likely agent
responsible for shis type of _pleural reoplasm was presented in a press

kand-out issued by Dr. Wagner in February of this year. He wrote: '«

"On curwent evidence from South Africa, Australia and Britaim, - .
it would appear that Crocidolite is mainly implicated {n the
developmen: of mesothellomas. However, cases have occusred
12 the U.S. (16 in number between 1953 and 1965) Canada (6 in

- numter, 1G32-1G54) and a few in Eritain, in which people con-

_cerzed appear to have only been exposed to Chrysotile.”

At presenz ina Ssuch Africa a conzinuous search is being made to detect
any cacas of mesgachelial tusmour cominsg f{rom the Arosite arnd Chrysotile
pining areas; so far, none has been discovered. 7This search has also
teen car=ied ous in Czechoslovakia where only Russian Chrysesile is ia
use; again, no diagnosis of mesothellal tuzours is reported.

Dr. Cilson, Fesearsh Director of +he M.R.C. Preuroconiosis Research
Unis, and bis colleague, Dr. Wagner, have both stated in 2 runber of
papers that sneir major task at present 1s to "establish whether
Amler mma -wes 5% yenmgzos 18 responsible for the development of these
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erimental Work: Wagner at the Pneumoconiosis Research Unit has

shown (1964) that under animal experirental conditions, asbesto
appears to be a powerful carcinogen. Twenty mg. of asbestos
injected into the pleura of specific pathogen-free strains of r

ats

- +== *" ° “hag produced ‘mesothelial-tumsurs in a high proporiicn of animals.,
This is so for Chrysotile, Amosite and Crocidolite, both natural
and after extraction of its natural oil by a single solvent. The.

investigation, 8 survival experizent, is not yet complete, thus

1t i3 not yet known whether there are significant differences in
the number of tumours produced by different types of fibres. So

far, Amosite has produced the least.

Studies on the organic components of asbestos are being carried

out

by Harington of the Chester Beatty Research Institute. No hydro-
carbons have been isolated from Chrysotile, but Crocidolite, which

was mined in an area of South Africa with a high incidence of =
thelioma, contained 3,4 benzopyrene in relatively high amounts.

eso-

Harington (1965) has also shown that during a storage period of 6

mornths, asbestos absorbts 70-85% of the jute oil present in Jjute

-

sacks. It is not yet clear whether these oils are of any biologtcal

or medical imporzance.

The suggestion has been made that asbestos carcinogenicity may be

related to the metals or metal complexes contained in asbestos

fibres;

Crrysotile contains nickel (0.5%) and chromium (0.18), while Amosite

has manganese (0.7%). Serum can elute small acounts of nickel,

‘ehromium, magnesium and manganese from Chrysotile, iren and man

from Crocidolise and Amosite. Wagrer's animal expericents tend
make the significance of iron unlikely, as the propertion of thi

ganese
<0
S

element in Chrysotile is only about one tenth of that of Crocidolite

or Amosite.

-

8.5 pAercdvnanic Behaviour of Asbestos Fibres

‘05010

,;;;}gpgpg,g;_?;pgg_p;pspg;épgg Dr. 7. Ti=brell of the Pneumoconiosis -
Sesearch Unit has been engaged for the past few years in examining R
she size paraceters of fibres which influence thels respirability. "

His investizations nave explained the observation which puzzled

earlier workers in shis field, nazely, she presence of fidres of 100

zicrons or longer in the lungs of oen or experizentally exposed
anicals., _

—~-e explaratioa is that the particle-iree £alling speed is the most

£

izporiant paranmeter {=?luercing its entry into :re lurs.
speed is predsminanily determined by fivre dlameter, 2nd shows
1istle sensizivisy to length, especlally when the aspect ratie

This

falling
very

(lengih:ciameter) s high. I trerefore, a fibre nas a suffdciently

s=all diamever, zhe falling speed can be low ercough for the {id

re to

escare deposisica by settlement arnd inertial precipiiation rechaniscs
in the upper par: of the respiratory tract. Hence, deep penetration

to the pulmonary air spacées is possible. This has been shown <o

occur 1f the fihre diameter 1s less than about 3.5 micrors.
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4.5.2. Influence of Aspect Ratio: It would seem that the lorger the
fibre, the more probability there is of it being intercepted by
the pasal hairs. However, examination of asbestcs particle
lengths in the lung has shown them to be of the same order of
_magnitude as the distances between the nasal hairs. The possibilicty
thus arises that the fibres in airways, in which the airflow is
laminar, may align themselves with the streamlines. Hence if the
fibres are fine enough, they can be expected to show a capacity for
wending their way through fine airways.
There is no direct evidence available on whether fibres do tend to
alizn themselves with the air streamlines. Dr. Timbrell has assuxed
that the conditions in an aercsol spectrometer prevail in the lung
airway. Consequently, he has measured the orientations of fibres in
the particle deposits in this instrument. Figure 2 shows histograms
in which persentage of fibres is plotted against angle to airstream
in the aeroscl spectrometer for glass, Amosite and Crocidolite fibres -
with aspect ratios <5. A similar histogram for fibres with an aspect

ratio >5 is plo_tted-in Figure 3.

&

It is seen from Figure 2,when the aspect ratios are<5, there is'no

preferred orientation for any of the four fibres. However, for fibres
' with aspect ratio> 5 (see Figure 3) there is a definite tendency for
i the fibres of all four materials to alizn themselves with the direction
of airflow.
Furthermore, it appears from Figure, 3 that there is a more rarked
tendency for aligrnzent of the glass fibres.than for the f{ibres of the
three types of asbestos. It is suggested that this is due to the hizaly
symmetrical character of these synthetic {ibres, whereas the asbestos
fibres, although highly selected groups, exhibit slight asymzetry.

4.6 Standard Samples

At =he International Conference on the Biological Elfects of Asbesios ia
Novezber 1964, one of the conclusions was as follows: . a

“muere are large ¢ifferences both ia corbidisy ard =orzalisy of
asbestos in the surveys in different parts of the.world. These
discrepancies may be explained by the different chemical nature of
"the minerals, but there is at the same tize an urgent reed <o
standardise radiological firdings and his:alosy.” .

Tre U, 2.C.C. working ;:i?iy on asbestos and cancer also realised thls problem,
ard sugzested <nat international sacples.of the four main corm=ercial types
of asbestos be made available.

Dr. Tizbrell supervised the procuczion of such samples in Joharnesburg at
the end of July, 1036. The five samples produced were: Amosite (ST *~ica),
Crocidolite (S.Africa), Chrysotile (Rhodesia), Chrysotile (Canada) ard
Anthophyllite (Sinlard). The Canadlan fibre consists of components {rom
eignt mines, and the mos: difflcult problem experienced was mixing them so

that any porzion of ke standard sample as small as a match head would be
representative.
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Figure 2: Frequency histograms in which percentage of fibres is plotted
against angle to the airstream (axis of duct) in the aerosol spectrometer,
for glass, amosite, chrysotile and crocidolite fibres with aspect ratlos <5.
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Fi-sure 3: Frequency histc;fsms {n which percentage of fibres is plotted
against angle to the airstreanm (sxis of duct) in the aems?l spectrometer,
for glass, amosite, chrysotile and crocidolite fibres with aspect ratios 5.
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The prepared asbestos has been packaged into small samples, which are now
available for distribution. Studies of a wide range of physical and
chemical properties of the sazples are being made at a nusber ot world

research centres.

5.0 FEQUEST FOR ANALYTICAL ASSISTANCE

Tt 1s understood that all the major asbestos producers in the U.K. have proffered

their assistance in conducting research work on the International Samples.

Dr. Timbrell asked Union Carbide U.X. whether the Corporation would be prepared

€0 assist in a similar manner., He requested that we should carry out trace
analyses of the five samples. Apparently, they have no adequate facilities at
Llandough Hospital for doing this. Dr. Timbrell has also requested that we

should examine identical aliquots of the Canadian Chrysotile sample to determine

whether uniforn mixing was achieved in Johannesburg.
It was explained to Dr. Timbrell that it was impossidle to give an immediate

answer to his requests. He was, however, promised a reply at the conference on.
the physics and chemistry of asbestos minerals to be held in Oxford on July 15th.
Dr. Timbrell, and hopefully, Drs. Gilson and Wagner, are scheduled to be at phis
symposiuz, and arrangements have already been made for them to meet Dr. T. J. Eall

and Mr., F. Mumpton of the Urnion Carbide Carporation.

1 6.0 DISCUSSION -

iR TR AR

S

3,

6.1 Moral ‘Issues o

6.1.1. There seems lit<le doubt that +he toxic effects of cur Coalinza

product are still largely unknown. There is a general inference that
Crocidolite is more liable to produce mesothelicma. Excneraticn of
Chrysotile has not been made, however. A discussion with Dr. W. Taylor
of <hs Department of Social Medicine, Queens College, Dundee, two days
889, revealed that concerm over asbestosis is still increasing, and
that Chrysotile i3 delinitely 2 pl csud l.lon-.- wizh the otr.u- t7pes ¢f

- : gsbestos. - . S L 1'%;.?; 3

'.'---. R

I: t..nretoro seens t!-.at on the blsis ot mscn‘ cvidence. we are mt_ g0 '

sizled under gay cirsumstances TO state that our material is mot
s kealth hazard, W=at is csre, 1' 4% s delieved that a potential

cistozer would use our caterial 'dangercusly’, and that he is unaware
of she toxisisy quessiscn, then 1t sust surely be our cuty to caulicn
niz eand Foint cut means wre-eby ke can l'a’d the asbestoa alr Zlsat -

b

_esncentratisn 20 a minizuw, .

sswn Jpwassw - e me

6.1.2. There has teen & gernersl recoguitisn that U.i:n Cartide has shown a-

F‘-‘--sewort.y responsibilicy 10 offering & pelletised producs,
Urdsubtedly, chis Pas conzsitused considerably ts the continuesnce

‘02 negotliations wish & nusber of paper=aking firzs, where dust
exzraction equirzent to deal with an open product is imdequau.

On the other harnd, the Resin Crade fopen) and Hi;h Purity open
materials ds noe passess this benefit, and the moral question is
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brought to the fore because sales of both are foreseen in the near
future. Carbide's responsibilities are somewhat lessened, however,
as the customers will mostly be firms already experienced in the

use of astestos, and those who are always under the watchful eye of
the Factory Inspector.

6.2 Expected Rise in Astestcs Diseases

In Figure 4, a diagram has been presented relating the history of the
_ development of the asbestos industry and associated health hazards. It
.43 seen that the world production has increased tremendously since the
“war. With the knowledge that mesothelial tumours can take up to 40 years
. " to develop, 1t is expected that there will be a dramatic rise in the next
two decades in the number of cases discovered. If this hypothesis is
proved correct, then it is certain that asbestos will receive increasingly
more adverse publicity. As a result, sales resistance to our product may
be expected to strengthen. It is therefore imperative that we keep abreast
of current research work and publications, in order that we may combat both
informed and exaggerated criticisms. ,
.-
[ 4

6.3 Threshold Limit Value

It is understood that the maxizum dust level of 5 million particles per cubic
foot (still achered to by the U.K. Factory Inspectorate) was proposed by an
engineer in 1938 as an interinm guide. - This figure was an arbitrary cholce,
and had no experimental foundation. : - :

Dr. Taylor in his report of the International Conference on the Blological
Effects of Asbestos, 1954, says:
"the M.A.C. (Maxizum Allowable Concentration) of 5 million particles
per cubic foot is not now acceptable. Industry should aim at l
million particles, and accept this figure with reservations until
_ .oxikuowledge in this fleld is exterded.”

. Dr. Taylor reiterated this azain two days aso, Bus ke did admit shat practically
'@ =i1lion particles per cubic foot might have to suffice for quite a while to
coce. _ - R .

Ts ¢hus appears that the sentence in Dr. Derzenl's Asbestos Toxicology Report:

. "7+ is now generally accepted that a man can work a 40-hour week for
a lifetize wizhaous developlns asbestosis, 12 the asbestes dust
par=icle count—is-kept-at or telow 5 =illion particles per cuble
‘oot of air’ .o

is row no longer neld to be true by a rusber of infor=ed people. An indication
_of tre present opinton on this matter held by Union Carbide's Toxicology
depanr..ent would te rmost welcome.

—— . -

- 6.4 Siztlaricies Satween D1ferent Chrrsotiles -

At the’moment, there are signs that Chrysotile may be less responsible than
Crocidolize for the development of mesothellial tumours, Should 1t be proven,
elsrer on statistical grounds or histochemically, that this indication is

. e mm aYmaale
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¢0 that variety of Carysotile which has been vindi&ated. The case could

arise, for example, t¢hat only one of the two Standard Chrysotile samples
(Canadian and S.African) is given a total clearznce.

6.5 Fibre Aerodvramics - .

One of the obvious differences between Chrysotile from the Coalinga cdeposit
and that from other sources is its {inherently small fibre dimensicns. 15,
together with the unique wet refining method employed, has meant that there

4s s great abundance of very_small liberated fibres available for irkalation
into the lung. )

The diameter of a single Coalinga fibre is less than 300 A°. It has already
been shown in 4.5.1. that fibres stand a good chance of deeply penetrating
the lung if their diameters are about 3.5 microns or less.. With a diameter
at least 100 times smaller, there is no doubt that the Coalinga fibre is
capable of reaching the irnermost portions of the lunsg. This argument will
apply to the fibre bundles contained in a bag of open material as well.

It may be seen from electron photomicrograpghs of Coalinga asbestos that:.the
aspect ratio is usually much greater than 5, and that the fibrils are nignly
sycmetrical, and are unassociated with gangue materials. Thus there is the
1ikelihood that they will behave in a manner similar to fibreglass in Figure 3.
As a result, they will have a greater tendency to align themselves with the
direction of air flow. Assuming lamipnar flow in the bodily air passages, whdch
4n fact is probably rot the case, the fibres will a_void contact with the nasal B
hairs, and so will be capable of passing into the depths of the luns.

7.0 RECOMMENDATIONS
7.1 Dust Counts

7.1.1. 2ags; Dr. Dermenl ia the Toxicology Repor:t states:
"In paper manufacturing, it would be desirable to know the
dust concentrations where the asbestos is dusped from bags .
4730 the pulp slurry.” - LT

Dr. Taylor s=ates recently «vat he believes there is more dust produced
in cpening a paper or plassic bag of asbestos than there is with a
convertisnal nessian sack. e was questioned on his reason for 2his,
wae no satisfactory _answer was Zortheoning.

-

The A' cnor ras hiosell wi=nessed 4 dust cloud in the vieinisy of

tags of btsth pel".etised and open materials when making up custoter
. sa=ple bags alzer cark. A large rusper of suspended particles were

visible in a torzh bean.

—lls g

It i{s recom=ended that a dust count be made in the region of a freshly
opened bag of pelletised and open products. The readings obtained
will be indeperdent of the site of opening.

Créping Degror: It 1s appreciated that cust conditions

= TaTransh Tuide as to the amount of atmes-

-
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dogtor would nevert.‘-ieless be very useful. The asbestos concentration
would then be a small proportion of this. Dr. Taylor has suggested
the use of the Royco instruzent for a period of, say, 8 hours.

Analvtical Assistance

I+ is recommended that Union Carbide offer to assist the Preumoconiosis.
Research Council in trace element analysis of the Standard samples, for

three reasons:

7.2.1. This unit is held in high esteex in the UK. Carbide's aid would
enable us to maintain close contact with the unit, and so enable us
to keep up to date with current research work and ideas. Drs. Gilson

- Wagner and Ticbrell are leaders in the field in Great Britain. It wa
noticeable too that "ae the New York Academy of Sciences Symposium orn
- ¢the Biolegical Effects of Asbestos held last Autum, about half the

_eontributions were from the U.K."

‘ 7.2.2. Dr. Ticbrell has shown great {nterest in our material, malaly because

of the sycmetry and uniformity of the fibre structure. He hms statec
his intention of doing some animal inhalation experiments with it.
We therefore stand a good chance of having the Coalinga material, at
least in part, evaluated alongside the Standard samples.

7.2.3. The fact that we would be -assisting research would make a geod selll

point. It is felt that if customers see <hat the company has recog-
awd=

nised a problem, has tried to define it, and is subsequently offerin.
assistance towards a solution, then they cannot refuse to buy solely

on _to:dcolog'.cal grounds.

r. C. Savers o

1CS:ik
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It has been known for many ycars that scse perzons working in
asbestos production were prone to dcvelop a disabliaz lung disease. In

tice, this condition becare knewn as asbestosis and was rclated to exposure

to high concentraticns of asbestos dust. With further expericnce, it was

found that cen could work with asbestos without develcpzent of lung disease

4f dust concentraticns were kept below a certain level. It {s now genm-
erally accepted that a man can work a 40-hour week for a lifatizme without
developing asbestosis if the asbestos dust particle count is kept at or
belcws § millien pacticles per cubie fcot oz air. This dust concentrztion
of 5 rillion parsicles per cubic fcot of air {5 the Threshold Limitc Value
for asbestos, and no cases of asScstosis arc Lincwn to have ocsurred when
exposures have been :aintnired at or belew this level, decpize large-cscale
utilization (now approczhing one =illion zons ger year in the U.S.A.).
This concentration of dus: is generally mot vicible in the a2verage work
area unless a beaz of light cwsing a Tyacall effect is present. Usually
the dust concentration cust be f.c.‘> <10 million particles per cubic foot
befors ire nracen~a ie¢ «igible in avETANC IIfntins Soaditivas.

ot
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GE!EEEE_Zﬁigiiﬂﬁu {: w33 rcposted that there was an increacse in
the incidence of cancerous :u:a.,, especially of the lung, associated with
asbestosis. ' Recently there have bean reports of some eancers occurring in
individuals exposed to asbestos dust, but who have not ceveioped clinical
asbestosis. It is believed by most authorities that these cases have
been associated with exposures significancly exceecciag the Threshsld Li=
Value. A =ajor canufacturer of asbestos products who 3lso cines asbestos
" bas not been able to show an increase in cancerous grewths in =am working
vhere dust corcentrations were cainctaiaed at the Threshold Lizic Value.
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control =sthods are the st "ntca applicabic to a variccy of dusey .

.’
.

~N

Control of asbestos dust exposure is therefore neceszary.. The,*:;;

operations. They include Glosed €lew cystens,{wet processes where 90.'.:1
and adequate exhaust venedlation WheTe openings in the syaffn are

2y
neccssa—y. Pelleeizian {s sc=agiz=2s used Lo izprove the aﬂclin~-cbarac:er- "y
M

istica’of otkTomiice custy saterizls, Where satisfactory cont3Incent tO 3€3Y ay: 7

within tha Threchold L'Wnblc{u_-munc ana

reiiable respirzators are available for cthe procection of the emnloy A
progcaz of environmancal conitsring is highly desissple to detersunc :Hat
Threshold Liziz values are nat Seing excecsed. In papew sanulacturiag, it
would e desirable co kpow the dust Scncentraticns wiere the a..ac...o.mi_::_
duzped froa bags into the pulp slurs; SnIonITaticnc chould 8iso =e
caterzined waare custing occurs ! "‘ izhizg precucts. while ggf_zal dust
ceter={naticns should be =zade az ii jesnt int Lr"glzJ once the I&Vil has
. been esesdlishead as sagisfzctery, the.frequency =3y be vxtaaded to
cccasfonai tests to assure continuaticn of a sacisiactory conditisa.
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You should bave this statemant available for any questions which
might arise from your customers. I appropriate ia your judgment, perhaps
it should be discussed with certain customers who have not yet raised the
subject. I do not feel we should make a big issue of it thereby drawing
unnecessary attention to the subject since the conclusions are still
questionable. :

1f you have any ques:ions.'plcasc discuss them with me.

Very truly yours,
S
AR VY
3 Y
— s A A,
T.J.Hall/dk 3
[ 3-T-3%
) AV3 13—
. . -* - A ‘
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KIRBY A. KEYINEDY

The Fibroecenie Potential of Asbestos Produete—

via Intraperitoneal Injectibn in Cuinea Pfgs, Rats and Rabbics

and bv the Intratracheal Route in the Rat .
\

! Report 29-55 e o e

Special Report

Chemicals Division, Union Carbide Corvoration Industrial Fellowship 274-29
Summarv S

products studied produced fibrocie lesions of the visceral organs in rats and
guinea pigs regardless of fiber length, Of the three products, CHMS-100 (refined
fiber), produces the mest Severe reaction. JT-100 (standard fiber) and JM=3K

(Johns Manville screened fiber) produced similar but less severe regctions, ‘The
results on rabbits were inconclusive.

Both JT-100 and CNS-IOO produced specific lesions. in Tats by the intra-

tracheal route but witlh JT-100 they were more Severe. No lesions vere found in
the rats which received JN-3K fibers, .

These results indicate that these three asbestos fibers may be fibrogenic
by €ither route. No specific lesions were observed in the lungs of the JM-3K
intratracheal rats, but only two rats survived to be examined.

Samnles

The following samples Qete shipped to Mellon Institute at the fequest of -
Mr. Paul W. McDaniel whe furnished che descriptive informatien, : LTl

-

g Quan- Date . Samplcr
Designation of Asbestos Product Soarce ticevw Received . Number

- LR

*CTS-100 Fiber (same as JT-100 Fiber) Sterling Forest 8 oz, §-14-63 26-220
"Standard Fiber” containing impuri-
ties in the form of clay and magne-

" tite. A short fiber. ’

*CMs-100 Tiber “Refined Fiber" with Sterling Forest 8 o0z, 8-14=63 26-219
lesscr izpurities than JT-100, A e

short fiber.
\

’ ' . . . .
j, 5= * The individual fibers for most parc had lengths of 0.9-to 10 microns,

- but there were some as long as 3V microns and_some that were less than
0.5 wicron. The digmeters of che fiber vere generally 0.3 to 1.2 microns,
y@/;;_ “ bue there vere smaller sizes noted. The clav-maprprirs mnavetatan conea

L~

C e erme o




Feport 29-5§
Page 2
M M. Io
Quan- Date Sample
Desicnation of Msbestos Product Source titv Received Number

- JM=3K Fiber. "Loug Fiber"- Manvill

(Brushed through screen to reduce
fiber length to 1 mm. or less
before injecting.)

e, N.J. 8 oz. 8-26-63  26-227

Intraveritoneal Injections

Hethods

The JM-3K asbes:os‘uas brushed through a 1 mm. screen Eo reduce its

fiber length to < 1000 micra (1.0 m.) in or
and JT-100 asbestos samples were used as rec
pared as a 2.52 (W/V) suspension in 0.857 sa
suspensions were sterilized prior to use. T

der to facilitate dosing. The CMS-100
eived. Each asbestos product wvas pre-
line, All needles, syringes and

he animals were divided into three

groups——each consisting of eleven male albino guinea pigs (P), six male albino

rats (R), and two male albino New Zealand ra
bits received intraperitoneal injections of

(25 mg.) of the respective asbestos suspensi
rats received control intraperitoneal inject
rabbit controls. all injections were made 1
sbdomen. Tables 29-92 through 29-95 conta

Results

. CMS-100 produced the most sevére r
giant cells in six of the seven guinea pigs
granulomas with giant colls were observed in

J1-100 asbescos fiber produced a g
8 guinea pigs as well as the one rat subject
The rabbits had incidental lesions unrelated

The JM-3K asbestos fibers produced

Intratracheél Ind

Methods

bbits (H). The guinea pigs and rab-
2 ml. (SO mz.) and the rats, 1 ml.
ons. Eleven guinea pigs’ and six
ions of saline. There were no

n the lower right quadrant of the

in the results on individval anicals.

eaction in the form of granulomas with
examined micropa:hologically. Typical
three of four rats and the one Tabbit,

ranulomatous reaction in ill of the
ed to micropathological examina:ion._,
to the asbestos fibers. . . e

SRR

;rannlomis with fibers visi$i¢ da = B

. five of the five guinca pigs examined. One of two rats had granuloma formation
- which was visible on gross examinacion. :

ections

' One per ceat (W/V) suspensions of JT-100, CMS-100 JM-3K and a 0.572

Suspension of (MS-100 were prepared in 0.85%
injeccions.

saline as for the intraperitoneal
—— -




. Repcrt 29-5%
. ) ) Pzge 3

Female albino rats weighing in excess of 200 grams were given 1 ml. of
the respective asbestos suspensions by intratracheal injection. The Tats were
guesthatized with sacuraced vapor. of anhydrous diethyl.ether. The trachesz was
exposed by blunt dissection and the injection was made directly. and the incision
closed with a Michael Wound Clamp.,

Eight rats were injected with 1 ml. of a8 1% JT-100 suspension (10 Bg.
asbestos). Eight rats were injected with 1 ml. of a8 1Z JM=3K suspension (10
mg. asbestos). Because of the flocculent properties of CMS-100, only three rats

- were dused with 1 ml, of 3 12 suspension (10 mg. asbestos). Eight rats were

Results

injected with 1 ml. of a 1% CMS-100 suspension (5. mg. asbestos). Six rats injected
with physiological saline served as controls. Tables 29-96 through 29-99 contain
results on individual animals.

Specific lesions were found 4n most of the rats given CMS~100 and JT-100
that cousisted of marked granuloma formation with bluish foreign body material
present (magnetite?). Marked bronchiolitis obliterans vas noted in most rats, also
with bluish foreign body material within the lesions. The JT-100 rats had a more
severe fibrotic reaction to this foreign material. Multinucleate giant cells
were a common feature with the granulomas of the JT-100 rats but were conspicu~
ously absent in the lungs of the rats.given CMS-100. Micropathology was performed
on only two rats receiving JM-3K asbestos. Neither of these animals had lesions
similar to JT-100 or CMS-100. : . o

L G @Yy

Edwin R. Kinkead, B.S. , -
. ’ Research Associate

»

. "'(2. [P Pme
Urbane C. Pozzani, M.S.
Senior Fellow

Approved:

‘cknovled:men:s:

) Technical Assistance Charles C. Haun, B.S., Junior Fellow
Pathological Examination Joha M. King, Ph.D., DWM, Fellow

Data in Book 868, pp. 63 to 90
and 99-109,

Typed: July 11, 1966 - ald



Tomen 2RP-va

!ntfaperitoneal Infections of Asbestos CMS-100

1

Days to
Animal Death or
Dose of Asbestos _lNumber - Sacrifice _' Gross Patholopgy . Micropathology
50 mp., r. 96813 20D . Peritonitis; asbestos scattered throughout tot examined.
(2 ml. of 2.5% . _abdominal cavity.
suspension) P. 96603 .- 75D Peritonitis; adhesions of intestines to Not examined,
. 1iver.
P. 96815 20D Autolyzed. . Not examined. .
P. 96806 270 D Mo asbestos in abdominal cavity. . : Not examined. ?
P. 96602 286 S Multiple small adhesions of the omentum Several small, vell marked granu-
to the mesentery, lomas with giant cells on the
serosal surface of colon.
P. 96807 286 S Adhesions of liver to stomach., Deposits Liver--narked granulomatous re-
scattered in the intestinal mesentery. action on the surface.
. o . Granulomas--serosal wall,
P. 968610 2866 8  Omentumal adhesions to liver with deposits Liver--well marked granulonac.
in the omentum. , Marked chronic granulomas i+
. the intestine and diaphrapm.
P. 96811 286 S Intastinal adhesions to midline and Intestinal, liver, skeletal
C seminal vessels. " muscle--adhesions to each other.
L. Areas of glant cell formation,
P. 96812 286 S Aveas of fibrosis in most of left liver Colon--large cystic masses filled
‘lobes. vith debris., Lined by columnar
o epithelivm, , .
r. 96814 286 S - Adhesions--1iver to stomach and intestines. Liveir--fibrosis and grapuloma
e formation. Foreign body granu-
B . : lomas on abdominal wall.
P. 96821 286 S Adhesions of abdominal wall to liver, Cranulomatous lesions of the
stomach and omentum with deposits. gtomach, liver and skeletal
muscle,
1. 96717 60 D Numerous deposits of asbestos adherred - Not examined.
. , to intestines. ° . .
. 96574 270 S Multiple adheslons, venckal colon and Multiple well encapsulated granu-
urinary bladder. lomas present with innumcrahle

glant cells,

e
od
.

(Contlnuéd)

% 3deg
2 322day




Table 25-9_

(Continued)
Days to .
- Animal Death or o , T
e_of Asbestes  Nunber Sacrifice - Gross Patholopy Micrenatholopy
og. ' ' R. 4571 20 D Conggsteé lungs and liver; asbestos Not examined.
2 ml. of 2.5% scattered throughout abdominal cavity.,
sension) R. 4678 170 b Asbestos deposits throughout abdominal ot examined.
‘ ' area, ‘ . ?
R. 4629 258 § * Nodules of white materfal in mesentery, Scattered granulomas in intestine
' . ventral and abdominal wall, ~ and skeletal nuscle.
R. 4631 258 S ~Deposits in the mesentery and ligaments Multiple granulomas with glane
" of the testicle. cells and asbestos deposits.
R. 46134 258 S Chronic abscess pneumonia. . Chronic bronchopneumonia.
R. 4660 258 § - Scattered deposits in mesentery and wall

of small intestines, Adhesion of
testes to intestines.

Large granulomas, well encapsulated.

g #8eg

§$=67 330dey
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Tadble

,'.!ntraper!toneal Infections of Asbestos JT-100

Dayg to
Animal Death or . ,
osc of Ashestos Number Sacrifice Gross Patholopy Micronatholopv
[ ]
0 ng. P. 96844 11D "~ Peritonitis, asbestos scattered throughout Not examined.
2 ml. of 2,52 abdonlnal cavity,
uspension) P. 968651 150 b Entire gut adherred together, Liver ad- Not cxamined.
Co herced to ventral wall and diaphragm.
‘P. 96849 185 b Multiple visceral adhesions of the &sbestos Not examined. ?
tp the ventral abdominal wall. .
P. 96834 286 S _Gray deposits in the ventral abdominal Scatterced foreign body granulomas
wvall. b with slightly alongated flbonq
: of asbestos in them,
P. 56815 286 S Severe nultiple adhesions with pus in- Typical granulomas.
. corporated,
P. 96837 286 8 Multiple intestinal adhesions. Cray Adherred masses with many granu-

deposits in the abdominal wall,

* P. 96839 286 S Omental adhesions to the liver with tiny
. deposfts in this mesentery.
P. 96840 286 S° . Spleen adherred to ventral wall, stomach
to diaphragm,
P. 96841. 286 S Multiple tiny deposits on left liver
, lobes and left abdominal wall,
P. 96847 286 S Omental adhesions to the ventral tips of

the liver.

P. 96848 286 S - Deposits on the intestinal mesentery and
abdominal wall with omental adhesions.

lomas on the serosal surface.

. Typical connective tissue grann-

lomas.

Typical connective tissue granu-
lomas.

Numerous granulomas with foreign
bodies present in them.

Typical granulomas with foreign
bodies, giant cells, fibrosis
present.

Typical connective tissue granu-
las.

n. 96729 270 S Heart covered by chronic connective
) t‘ss“‘.

H. 96734 270'S Multiple serosal depogits scattered pri-
: marily on the colon and ventral wall,

Essentially normal.

Essentially normal.

} o ’ (Continued)

zoday

9 e8eg

§-62




Table <9-93

omentum,

A

' (Continued)
Days to *

- : Animal  Death or ’
0se_of Ashestos  Mumber ©  Scerifice Cross Patholopv _Micronatholony
5 rg. R. 4576 3é o Cannibalized,- Not examined.

One ml, of 2.5% R, 4536 160 b - Autolyzed. . Not examined.
uspension) _R. 4534 200 0 ' Peritonitis, pleuritls, some fibrosis in Not examined. )
' ' pléural cavity, L4
R. 4617 242 0 Pneumonia. Asbestos particles scattered Not examined.
. throughout entire abdominel cavity.
R. 4596 258 S Slight deposits in the mesentery and

Intestine-~typical granulomas
vith foreign bodies,

‘e
xS

L %24

§5-62 sz0day
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Table 29~93

Intraveritoneal Injections of Saline Control

——

. Days to
Animal Death or
ose of Saline Rumber  Sacrifice Cross Patholony Micronatholoey
al, ’ P. 96857 88 p Pneumonia. Not exsmined.
- P. 96856 156 D Paneumonia, Not examined.
" P. 96853 170 D Pneumonia. Not examined. ?
P. 96858 207 D Pneumonia, Not examined.
P. 96852 286 S -Essentially normal. Esscntially normal, .
P. 96659 286 S Essentially normal. Scattered arcas of interstiti:l
; ’ pneumonfa. »
' P. 96860 286 S Emaciated., Liver massively reduced in Liver necrosed end aht:esscd
size.
P. 96861 286 8 Essentially normal. Essentially norwal,
v P. 96862 286 S Essentially normal. Essentially norrai
: P. 96863 286 s Chronic nephritis in both kidneys. Chronic interstfituic’. ... wrind,.
P. 96864 286 S Essentially normal,. Essentially normai.
e ml. R. 4484 12D Pneumonia. * Not examined.
R. 4483 258 S Chronic abscessed pneumonia, Magsive abscessed pneumonia.
R. 4531 258 S Essentially normal. Essentially normal.
R. 4540 258 § ... Essentially normal. Essentially normal.
R. 4542 258 S Essentially normal. Essentially normal.
R. 4557 Essentially normal. Essentially normal.

258 S

§ 93eg

35~82 3z20day




N Table 29-96

’ Intratracheal Injections of Asbestos CMS-100 to Rats
Days to
. Rat Death or : , _ ‘
Dose of Asbestos Number Sacrifice . Gross Pathology ) Microoatholoayv
10 mg. 846136 308 Pneumonia. ‘ Pneusonia, numerous granulomas
(0ne ml, of 1% o , ; ' . ‘ scattered throughdut lung.
suspension) 84645 90 S Pneumonia. ' - Pneumonia, lesions of bronchiolitis
- : obliterans 4n several bronchi "
and bronchioles.
84702 180 S Chronic pneumonia. . Scattered granulomas; lesfons of
: bronchiiolitis obliterans with
' foreign material and thromhotric-
1ike areas.
5 mg. - 72531 120 Cannibalized. . Not examined.
(One ml. of 81427 30 § Lung--appeared normal. : . Multiple granulomas; bluish wa-
0.5% suspension) o terial present fn all granuy-
' . . lomas,
81433 90 S No lesions. , Scattered small granulomas. Some
: ' bronchiolitis obliterans also
: ‘ _ . apparent.
" 81440 90 S Chronic pneumonia. = ” Pneumonia; scattered granulomnq'
o _ , n bronchiolitis obliterans,
72528 180 S ° Not recorded. ' . ‘ Scattered small granulomas.
17679 180 S Lipid foci in lungs. Bronchiolitis obliterans. Chronic
- granulomas sans giaant cells.
77680 180 S Cray foci in lungs, ° Numerous scattered granulomas.
81600 180"S Pneumontia. ) Multiple granulomas scattered
: ' - throughout lung. Bronchiolitis
* . ~obliterans,




Tabl, .® ?

Iﬁgratrache:l Injections of Ashestos JT-100 to Rats

Days to *
Rat Death or
)3se_ of Asbestos Rumber Sacrifice Gross Patholoey Micrezatholoey
) mg. 84629 60 D Large vhite arcas on lung; atclectasis . Bronchicctasis. Arcas of acute
ne ml. of 1% of the right lung. bronclhiopneunonia,
ispension) . B4672 123 D Pneumonia, Not e:amlned.
' 84669 151D Pasturella Pnecumonia. Not examined. ?
84633 Jos Chronic pneumonia, Hultiple granulozes and bronchi-~
. ' olitis obliterans.
84659 o s Chronic pneumonia. Pneunonia; granvliozas, large
' lesions of bronchiolitis
_ . obliterans.
84674 90 S Pneumonia. Numerous granulomas, well warked
bronchiolitis obliterans,
) 84676 90 S Chronic abscessed pneumonia. Scattered granulozas.
84631 180 8 Not recorded. Cranulomas, some bronchiolitis
obliterans,
Table 29-98
Intratracheal Injections of Asbestos JM-IK to Rats
Days to . .
‘ Rat Death or ) o
se of Asbestos Number Sacrifice Gross Patholopy Micropatholory
mg. 84695 10 D Entire lung was dark red. Not examined.
ne ml, of 1% 84635 130 Chronic pneumonia. . ' Not examined.
spension) 81214 15D . Pneumonia and emphysema. R Not examined.
81171 30D Chronic pneumonia; bronchial lymph nodes, Not examined.
W enlarged and gray.
81161 30 8 * ;. Chronic pneumonia, Chyonic bronchopneumonia.
’ 84660 180 8 ..* Chronic pneumonia and enlarged lymph - - Chronic bronchopneumonia, a few

nodes,

scattered granulomas,

Beg
{14
day




N Table 29-99

Intratracheal Injections of Sallne to Rats

osc of -Saline

ne ml,

Rat

Nurher

78253
18273
78302
187117
84639
84646
8L€S1
84677

Days to

Death or . :

Sacrifice : Gross Patholopy Micropatholocr

Jo § Essentially normal. Essentially normal.

308  Essentially normal ¥ Essentially normal. ?

90 S - Essentially normal. . Essentially normal.

90 § " . Azygous lbscessed. Feu areas of chronic pneunonia.
180 S ... -Essentially normal. Essentially normal.

180 S~ Essentially normal. Essentially normal.

180 § - Essentially normal. Essentially normal.

180 8 Essentially normal.

Essentially normal.

Lt
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Material Safety Data

.

Septemnber 1, 1972
UNION CARBIDE CORPORATION » 4625 ROYAL AVENUE ¢ NIAGARA FALLS, NEW YORK e 14302 .
, TELEPHONE: (716) 285.3311 EXT. 9567 e 076813

PRODUCT: Chrysotile Asbestos CHEMICAL FORMULA: Mgg(OH)4Si, 040

—rTRADE NAMES: “Calidria’ Asbestos

(L3I0 PRFE AR S

BOILING POINT AND MELTING POINT: Not Pertinent

" ePECIFIC GRAVITY (H,0=1): 245

VOLATILE CONTENT: Absorbed Water 1 — 4% By Weight “Structural Water Approximately 13% by \‘Neigh:_

IV REACTIVITY:

E EXPOSUR
The current standard of the Occupational Safety and Health Act of 1970 contains the foilowing exposure
fimits: :

*The 8-hour time-weighted average airborne concentration of asbestos fibers to which empioyees are exposed
shall not exceed 5 fibers per milliliter greater than § microns in length, as determined by the membrane filter
method at 400450X magnification (4 millimeter objective) phase contrast illumination. No employee shall be
axposed at any time to airborne concentrations of asbestos fibers in excess of 10 fibers per milliliter, longer
than § microns.” (Federal Register ~ Vol. 37, June 7, 1972, page 11320).

KIRBY A. KENNECY

EFFECTS OF OVER EXPOSURE: Prolonged over exposure may result in lung damage.
EMERGENCY AND FIRST AID PROCEDURES: Not applicable. Material has no acute toxicity.

o - i - E : . - - z
. 2- < c

Rt & . . u

<

)

spilled material by vacuum cleaner or by water wash, Q.{:"

VI SPIEE,ORELEAKPROCEDURES: 55 e e
STEPS TO BE TAKEN IF MATERIAL 1S RELEASED OR SPILLED: Avoid inhalation of dust. Remove

WASTE DISPOSAL METHOD:

<
If reasonably foreseeable handling will not produce airborne concentrations in excess of exposure limits, , E
no special procedures are required. When limits are likely to be exceeded, waste ang scrap shall be colleging 2
and disposed of in impermeable sealed bags or other closed, impermeable containers, suitably labetied.

Union Carbide Corporation assumes no responsibility and makes no watranty, expressed or-implied, repre:
sentation, promise, Of statement as to completeness. aCCUracy, or currency of any data provided.

-
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KIRBY A. K

COURT AEPORTER

Northeastern Region
270 Park Avenue

New York, N. Y. Y. 10017
212 551-4420

Southern Region

1371 Peachtrae SL N. E.
Atanta, Ga.

404 £73-4966

Midwest Region

1300 Lakeside Avenue
Cleveland, Ohio 44114
216 621-4202

Western ﬁegion

22 Battery Street
San Francisco. Calit. 94106

415 982-1360, Ext. 16
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Seciember §, 1'572 .
UNION CARBIDE CORPORATION s 4625 ROYAL AVENUE « NIAGARA FALLS, NEW YORK o 14302
: - TELEPHONE: (716) 285-3311 EXT. 6867 .. . = - . - O ‘o

.

s |

[ 4

~ .
J

PRODUCT: Chrysotile Asbestos CHEMICAL FORMULA: Mgg(OH1¢Si,O1q

TRADE NAMES: “Calidria” Asbestos

. . |- - SR T eT e T e
e . g s - =,
B Py | - Sone 3 5 L e o .

BOILING POINT AND MELTING POINT: Not Pertinent

SPECIFIC GRAVITY (H,0=1): 245

VOLATILE CONTENT: Absorbed Water 1 — 4% By Weight. *Structural Water Approximately 13% by Weight

APPEARANCE: Peliets or Fine White Powder. Noodor. Very Slight Solubility in Water.

11 HAZARDOUS INGREDIENTS: o572 07

INERT MATERIAL: No Decomposition or Polymerization Conditions.
. Vi, HEAETHHAZARDEDATAL -7 7 -
PERMISSIBLE EXPOSURE TO AIRBORNE CONCENTRATION:
The current standard of ths Occupationai Safety and Health Act of 1970 contins the following exposure
fimits:
*The 8-hour time-weighted average sirborne concentration of asbestos fibars to which employees are exposed
shall Aot exceed S fibers per milliliter greater than 5 microns in jength, as determined by the membrans filter
method at 400-450X magnification (4 millimeter objective) phase contrast illumination. No smployee shali be

exposed at any time to sirborne concentrations of asbestos fibers in excess of 10 fibers per milliliter, ionger
than 5 microns.” (Federal Register — Vol. 37, Juns 7, 1872, page 11320).

EFFECTS OF OVER EXPOSURE: Prolonged cver expasurs may result in lung damage.

'EMERGENCY AND FIRST AID PROCEDURES: Not applicable. Material has no acute toxicity.
Vi SEIEE_OR?I'.EAK:ER'GCEDURES? R ;

_ STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED: Avoid inhalation of dust. Remove
spilled material by vacuum cleaner or by water wash, ‘

WASTE DISPOSAL METHOD:

If reasonably foreseeable handlihg will not producs airborne concentrations in excess of exposure limits,

no special procedures are required. When limits are likely 10 be exceeded, waste and scrap shall be coliected

and disposed of in impermeable sealed bags or other closed, impermeable containers, suitably labelled.
_ ————

Union Carbide Corporation assumes no responsibility and makes no warranty, expressed of implied, repre-

sentation, promise, or statement as to complieteness, 3ccuracy, or currency of any dats provided.




UNION CARBIDE HIGH-PURITY ASBESTOS

A NEW WHITE FIBROUS FILLER AND RETENTION AID
FOR PRINTING PAPERS

IT PROVIDES:

-
»

rs

IMPROVED
HEET FORMATION

Opacity
Brightness
Reduced Show-Through

SEE ATTACHED MILL TRIAL DATA

IMPROVED
TiO, RETENTION

INCREASE DYE

RETENTION

REFLECTANCE

r1T1r1rrvreid

WIRE _
FELT _

3% ASBESTOS
wine 74

NO ASBESTOS

- 4

FELT

-

TRAVERSE OF SHEET

PLUS

»

KIRBY A. KENNEDY
COURY REPORTER

Cellulose Fines Retention

Printability Improvements

Reduced Static Electricity Buildup

——lh, ~

DEPg. EGLAY)

KIRBY A K NEDY
COURT REFOSTER




RETENTION OF TITANIUM DIOXIDE IN BOND PAPER 076666

of Trial: Improve Titanium Dioxide Reteation to effect either material cost savings or improve the opacity of 37

! Ib. Bond produced by this paper coropany.

Type of Paper Machine: Open Fourdrinier — 126" Trim — machine speed 700 ft./min. ’
" production rate: 70 tons per day.

gurnisg (iz use): Furnish Change During Trial:
18% Hardwood-Sulfite 00 change N
26% Softwood-Sulfite ' po change _
$6% Softwood-Kraft no change .
Additives® 2.4% Asbestos
1.6% Talc po change
13.0% Clay to 10.6% Clay
0.4% Emulsified Wax po change .
3.0% Titanium Dioxide t0 2.4% (Post trial retention data indicated that 1%
Ti0; could have been removed without 2 loss in
opacity). . ‘e

Savings Resulting From Improved Ti0: Retention:
Reduction of Ti0s: 1% of 70 tons of paper per day = $350/day savings.
Cost of 2.4% asbestos (3¢/1b. due to 2¢/Ib. clay reduction) $100/day
Net savings per day due to asbestos 302 1o ) g Y10 — .. $250 or $3.60/ton paper
Annual Savings ' $37,800

nmuﬁnpmtprmhommbemgpmucedzsoaysperye&.. :
Actually this company has other grades where the same results may be obtained.

Other Gains associated with this mill evaluation:
1. Saveall Effiuent was impiavetf in clarity. This unit was handling an estimated one million gallons of excess white

water per day and the use of 2.4% asbestos allowed & 35% reduction of solids passing to the sewer. This amounts
to reduced stream polutiba and more toas of paper per 100 tons of stock.

2. Closure or more uniform formation was indicated by porosity readings.

3. Op;city‘vduaincreneddnﬁngthcmdeWﬁyMﬁ&mﬂﬁamn@@&wa

" 4Smoothmnhuminpmed.

Physical Characteristics of the Bond Paper produced:
Percentage Asbestos: 0% : 1% , 2.4%

Basis Weight (1bs./300 Ft?) B3 370 380
Machine Direction Tensile 12.6 13.0 13.8
Cross Direction Teasile _ 8.3 8.0 6.5
Mullea . " 206 ' 20.8 . 220
Tear . 32/33 30/33 34/36
Smoothness (Gain) ‘ 53 32 ) D
Opacity (Gain) 825 . 83 _ 84-84.5
Brightness : . 83 82-83 82

_ Wax Pick . ‘ - 18/16 ©18/18 18/18
Caliper 3.23 3.09 - 3.0

* 9% Ash in the Bond Paper (gain) 10.2 113 . 12.4




APPLICATION 076687
RETENTION AID IN PAPER MILL SAVEALL OPERATION

OBJECT: REDUCE SOLIDS LOSSES AND REDUCE RIVER POLLUTION

TYPE OF SAVEALL: OLIVER DRUM TYPE FILTER WITH STAINLESS 60/40 MESH WIRE USING FRESH
CELLULOSE PULP AS A FILTER AlD. ' :

MATERIAL TO BE RECLAIMED FROM EXCESS WHITE WATER RETURNED FROM THE PAPER MACHINE

1. Titanium Dioxide 4, Starch
2. Clay * §. Dye particles
3. Cellulose fines -

r

Data for the operation:
: Production rate of Paper Machine: 60 tons/day
Machine Speed: 800 fpm  Wire mesh -— 75x58
Total Filler Content: 625% (1.25% Ti0y; 2.5% clay; 2.5% starch)

Furnish: 50% Magnifite Hardwood
30% Softwood Draft-Spruce
20% Broke

pH 5.0 with Alum

REDUCTION OF SOLIDS LOSSES USING HIGH PURITY ASBESTOS:

&% _Asbestos o ‘ o 3%
 FlowRate (GPH) C T 1,000,000 1,000,000 - hY.
“ Average Solids in 1bs./1000 gals. 325 0S5 i

Number of days/year fot this particular condition C 200 - 200

Value of Material $/ton 100 ~ 100

ANNUAL SAVINGS RESULTING FROM THE USE OF ASBESTOS: $27,000

-




Q7ooo=
’ APPLICATION—RETENTION OF FILLERS

Novel Paper Ne. 22 for Color ﬁo_oks

: Improving Retention of Fillers for Improved Opacity, and for Material Savings.

i * Type Paper Machioe: Open-Fourdrinier } Machine Trim: 132°
Production Rate: 150 toos per day Machine Speed: 804 F.P.M.
Systems pH: 45-5.0
Basis Weight: 32 1b./1000 f.
Furnish: .
Prior to use of Asbestos . with 2% Asbestos
80% Groundwood ‘ 80%
20% Unbleached sulfite 20%
§% Georgia clay ' 5%
0.3% Tetrasodium Polyphospha 0.3%
0.4% Zinc Hydrosulfite 0.4%
f\ 0.3% Alum 03% .
R 2.8% Zeclex 0% >
o 0% Asbestos . 2.2% —— added

Other additives to the headbox: Kymene 557 — 1.7%.

Retention Results: .
% Asbestos 4 T 3 T 22%
% Clay - 24 39
% Total ash 30 s :
% Increase due to asbestos. (clay retention) , : 62% $2.5% ave.
. % Increase due to asbestos (total ash) : 43
. o . 4
Paper Tests with and without Asbestos: 0% Asheston 229 Asbenos . Mj’j,«-: s
Basis Weight (1bs./3000 ) 2 —32 " T e
% Ash : 4 6.5 seqt™  La &
% Opacity 92.9 91.6 - >y ,g,&
Two-sidedness o 1pt - o-05pm. ,_ﬂ!'o”@ g
*Economic Gain and Quality Improvements: : : L . ot _
1. High Punty Asbesios (2.2% ) replaced 9.8% Zeolex with an immediate cost advantage. With a jon rate

of 140 ton/day, Zeolex was being used at a cost of $548/day while its replacement. High-Purity Asbestos, cost $308/day,
yielding a savings of $240/day. The asbestos also caused an increase in clay retention; & 0.7 pt. opacity gain was achieved
allowing either improved quality, or an additional estimated savings of $390/day if normal specifications are beld. Final
result was a total daily savings of $680/day. :

2. Reduced two-sidedness during the use of High-Purity Asbestos also gave an improved éaper product.
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Todustrisl Relaticms Oviginatiag Desl.  Laiica] Depertzeat - Plant §12

Answaring lotier dote

Mr. L. N. Dickimson Dr. E. M. Best I« Insulatics Bleek Dust Survey
Mr. G. H. Daniels Mr. E. G. Eeinz * Cezstrueticn Imsulatioa Szop
Mr. N. S. Eastzan Mr. P. E. Beary Plext Sl

Mr. R, A, Huber .  Mr. R. A. Nesl A‘é

Mr, B. F. King s, D. R. Matheny

Mr. F. B. Soyder M-, N. E. Ketchanm

Dr. C. U. Dérzehl:

~ Enclosed is sz iziustrial bygiene repert by Mo, R. E. Peele on the
potential hezerdouspess of "pev and improvei" "Thermobestes” ipsuletion blocks
submitted by the mmoufacturer for eveluation by bapd sev processizs in the |
Cepstruction-Departzment's Insulation Shcp. The report poismts cut tbet the three “nev
spd improved® sazple blocks, sudbjected to test ccoiitions (dextical with these in use™

-and reported upen in March of this year, are az improvezeat sc=evhnet, but these blocks

toc, release quentities of ssbestos dust particles into the workizg eaviroz=ezt
cepsiderably above the .scceptable safe limits (1.e., tbe T.L.V.). Taerefore,
definitely, the processing of "pew and {mproved” dlocks also constitute a hazard to

bealth. - aze

Mr. Peele recczterds that “Thermobestos™ blocks mot be processed ia the
Construction Department Insulation Shop until they meet acceptable standards apd I

coacur fully.
- Very truly yours,

..A."
- . e
d MR S A
. - - - . - D » .
. e : Pro R P .
: " LR TS Y
S~ N Mool
N A
.

. ) . R. ¥/ Sexton, H‘.‘D.

: Plent Medical Director
- RJIS:gL : ‘
i ..! .
Enclosure o, v

- B o - Qers d! DEPO. EXH. 29

. KIREY A. KENNEDY
- , COURT REPORTER ___ _
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.IC N CARBIDE CHEMICALS COMPANY ¢ INSTITUTE PLANT P 0. ECK 2831, SHARUESTON, W8T VIRSIKL

- R, J. Sextez, M.D. Bere 2 Dezezter 1562
" Medicel Depsrizent Origineting Dost.  Izdustriel Zygiene « Flaat 512

Answering lotier dete

Sohms lenwille "rmew=cbestss”

Subjoct

Cp 21 March 1G€2, an Industriel Fygiese Repert, i.e., 62-I=-1-6-1,
43entified the existence of & hazezd to health iz the Cezstrustics Insulstica
Shep durisg such times &s wher insulatics blocks ceaufactured by the Jehas
Manville Ccmpany &I€ beirg fatricated with exhausted bend savs. It wes tecc—ended
at that tize thet 18" x 36" x W mryer—stiestos” izmsuletion blocks¥ should mot .
Ye fabricsted with the existizg equipzest unless -- .

() The atxospheric dust problex could be reduced to delew 20 cppel
of air through tke use of veatiletion, etc., CT

.{v) The producer of ¢ais product beglzs espufacturics a3 iosulatics
block which will pot release upod fabriceticn with & banl sav, duss
cozceatrations 1o excess of 20 mppcf of air.

. In sccordance with these recc=endaticas, the Ceastructica
Iosulaticn Shop discontinued almost izmedistely the purchese of "Therzcbestos”
insulatico blocks. .

: . " oo 20 July 1962, & seccad Industriel Ayglene Repore, i.e., R
62-I8-2-G-1, wves submitied subsequent tc an evaluatica of three zev inmsuleticn
gateriels supplied by the Jchns Manville Coczpeaye. This report ccccluded thet
these materials wvere {rzroved over the original. Bovever, the dust conceatrsaticos’
produced upon fabrication of these 4nsuTation blocks vere substaztially ic excess
of the recczzesded safe conzentrations of 20 cppef of air. Therefore, the )
recormeadations contained 1n this rcpoﬂ:r&mez!.:_mctly as those stated i the
dnitisl report of Marel, 1682, .o.uacy G R B den

: : On 20 Hovezber 1952 the sutbor vas. ceatacted by M. De Bo Yathedy,

Gepersl Forezea of the Insuleticn Shop, who gtated that three Jobns Maoville

representatives, i.e., Messers. F. E. Saxer, K. Gordcn, snd H. E. Kaufzzp, were

present end had requested a meeting with the Fleot Infustricl Fygieaist, Tris ’

meeting was held in the 1oty of Building 2, &t vhich tire Mr, Saxer prciiced

the sccompaayicg CORY of pccticos of & Teport subzitted by the Joh=s }zaville

Tadustriel-Eygiene lsborateIy loceted at lMzoville, N.J. M-, Saxer steted ihal,

4n accordeace with this repcrt, they were pot able to produce results vhizh ez-eed

vith thos= cootzined i3 the reports sutcitted by this departmeat. Therefore,

they vere concerned apd {n-evested in leeraizg 4f their methods cf.reprciuéi.n;
g, - -

#The Johns Manvillie cede pzie for theif 4asuletica dlocks .

‘ Qerasil pEpO, EXH, 25
- 7F7YA L -

: [
g KIRBY A. KENNEDY

LA ITT.RE
T




R. J. Sexsoz, M.D.
3 Decester 1962
Page 2

ous envirczsenztel ceziiticts, se=pling exd evaluatizs the dust conceasresicss

. ceataired thereiz vere sutjest ¢0 questicz. A% this point be stated aleo thet

ex4s copclusion vas pre=ceed oa the besis of their enelysis cf the et=cspheri
dust comiiiicms proiuced ¥ their competitors product, (L.e., Keylo cr Iie=
# SAT iz the repor:t) vhich 13 mo vay agTeed with the dets subzitted in the
T-dustrial Eygieze Report =I5-62-1-G-I.

: It vas ex;lzined at this point, that this depericent's isterest
43 ¢his proble= is elveys ccafized solely to the eavisonmentel cozditicss as
4hey effect the beelih of our workers, and that no part of the investigation
should be construed as an stiez=pt to arbiitrarily pre=ote the use cf coze
company's product over thet of emother. ‘

= Upon co=pleticn of this statemeat, Mr, Sexer preposed that

M. Do R Matheny and the Flent's Industrisl Eyglenist make & trip to Mazville,
New Jersey, at Johas Meaville's expense and et a time selected by Uzion Cerbide.
This visit wvould be for the specific purpose of observing, scrutinizing end
cozparing their method of etnospheric dust evaluation with that as utiliticed
vy the Institute Pleot's Isdustrisl Bugiene Depariment. It wes ¥r. Sexer's
cpinicn that such & visit woculd per=it 2 moTe positive epproach to the prodlen
and remove the possibility of misunderstandizgs, etc., thet results Ircz writlez
correspondence. At this point, Mr. Sexer was assured that there would de uo
perscael objeztica ox my part to the perforzaace of suzk a service. Zowsver,

.2 propesal of this pature would have to be subzitted %o tbe Plent Menager,

Mr. L. N. Dickinson, through epprepriate cheannels before a final decisica could
be made. . . : ) .

) _ In comclusionm, it should be stated thet & phone call was received
from Mr. T G Cozerfcrd of Design and Construction om the merzing cf
21 Novexmber 1962, who requested thet he be brought up to dete on this spezific
problex. This regquest vas irmedistely satisified both by verbdal explezaiica

and by the promise that copies of both reports, i.e., £2-IE-I-G-I a=d €2-IE-2-G-l,
would be mailed to hin irmmsdiately. Mr. Comerford further stated that ve should
not back down on our reguirements, but that it probebly might be vise to comsider
their proposal in light of the many ramifications of the problex es it affects
the vhole eccmpeny structure, i.e., purchasirg, sales, x=oufacturing, etc.

g : : . Very truly 6%::-. i
o . Q :E ?. ) 2, T :

N Robert E. Peele
Industrial Rygienist -

REP:gh . e

Enclosufg—
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INTERNAL CORRESPONDENCH

'C)N CARBIDE CHEMICALS CCMPANY ¢  IKSTITUTE PLANT

(Nems/) M. S. C. Gla=t=ri=0 4 Dezezher 1962

apeny

o hﬂust:’i&l\ Rel‘:iau °':.“.“.' Oest z-xedicgl De;art:g:: - Pla:: 512
. Antwering lotter dote
srto ¥r, L. N. Dickicson Mr. E. G. Seing Sebise Iosuleticz Elock Dust Survey

Mr. G. E. Daniels . P. E. 33:-.}' chs:n;:g«_ca I=sulzticn s==;
Vr. N. S. Eastzen Hr. R. A, )‘ve‘l . ' Plazs 51.1

"ro Ro AQ Hubz: }k.o Do Ro !-:lthezys::'{

Mr. B, F. lﬁ.ng Mr. No Ho Ketcham

Mr. F. B. Sayder Dr. C. U, Deraehl

‘Dr. E. M. Best, Jr.

".-Two reports by &. R. E. Peele heve beea issued on this
subJect (21 March 1962 emd 20 July 1962) emd seat out uzder my sigpesure.
On 16 May 1962, & copy of & letier froz Doctor Nele <o tbe UCC Central
Purchasing Departzent in Kew Ye=k perteining to this subject wvas sen: to
scme Oof the people on the sdove distridution list. Usdoubtedly, Joh=s
Manville is extremely interestei in heving our Cemstructicn Deparimsszt use
their "Therzobestos” dlocks. Eowever, I believe that pessibly uznecessary
Pressure is beirg applied to us from severzl sources.

The encleosed rezcsrt by lr.. Peele includes inforzatien en
an invitation for Mr. Peele to visit Vanville, New Jersey, at Jchas
Manville's expease to eveluste their industrial hygieze studies. Mr, Pesle
points out in this report also 4<hat he hes been ccntaszted recently by the
Design and Construction Departzsht at the Technicel Center who have imnlied
that Mr. Peele should eomply-with Johns Manville's proposal. . ‘

: "It is my opinicn that ve should contizue to do surveys, with .
limitaticos, on sazples of “thermcbestos™ blocks that are of & new forzula i
&ad sre submitted to our Comstrustiocn Insuls:zien Shop at the Institute Plant }
for eveluation. However, I am zot in faver of Mr, Peele sccepting Johas '
Vacville's invitatica and would eppreciate spproval or disapproval for this
trip from my supervision so tha: Mr. Peele can be inforzed eaccordingly.

. Very truly yours,

'a‘ Ro L Sexton, "1.D. .
m - Plsat Medieal Disectar
% ‘. —. -
RJS:gh .
- Esclosure {decseh! prpo. mxu, 26
- [ ]

KIRE.Y A, ZENNEBY

P. 0. BOX JPli. CHAMESISN, WEST vIRG:.
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\ ] o CARCIDE CHERICALS

i, w M. S. C. Giambzund .

L4
» ::- Industrial Relatisns
e e Lo N Dickinssn M. J.
M. H. S. Eastman . P
Mr. R. A. Huber . R,
m. B. r. mg }r. D.
: Dr. E. M. Best . N
. Dr. C. U, Derment . M. L

repors on the

jnsulation blocks which have been proc
The report points ou
- "Carey-Temp" jnsulation blecks cannot

/~  Insulation Shop.

INTERAL CORRECPFO RSENCY

COMPARY

o IMSTITUTE PLANT 0. 0. 80X 283, CHARLESTON, WUST VIRGiN::

et 23 Cztsber 1963
Ortgiesting Dost. Medizal Deparmmert - Plant 512

Assworing lettor dote

Insulasion Bleck Dust Swvey

W PesTy Sebieet

E. Hexy Censtruection Insulation Shep
A. Heal Plant S11

R. Mathenyo~& :

H. Ketcham

B. Weddell - Safety Dept.

Tnclosed is a vexy excellent and very complete Industrial Hygiene

"Thermobestes”, "Kaylo" and "Carey-Temp"

potential hazarcsusness of
essed in the Construction Department's

t definitely that "Thermobestes" and  °
be fabricated safely with existing equipment,

but that "Kaylo" insulation blccxs can be fabricated safely. Mr, Pesle's
recommendaticns are quite definite and 1 am sure that you will wish to cezply with
: them. I believe this particulax project should. be considered ccmpleted..
' ' 1f there are any c=ments, suggestions or eriticiem, please direct
. these to me. . ,
3 .
i Very truly yours,
; :
i
. ’ Medical Direstor ]
. . ms:u. . . -
: _Enclosures
m
. . — .
. “ &nd[ DEPO. EXH. a7
. [
. v KIREY A. KENKEDY
. COURT REPORTER
g T o
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W. T. Cshan )
. A Riddle c,;
UNIC: CAREIDE CORPCRATION £ W, Hask ‘%
Nuclear Division: SR
, L. f. Crow 5
New York, N. ¥. S. C. Brice §
' ©. S. Kemes (3
MEMORANDUY KW O
(G. Vesssls Q
Shi ,ﬁ—'
Messrs. T. Dougherty January ya" 965
R. A. Miller 2§
R. Stobaeus !
T. R. van Fleet .
Massrs. K. W. lantz .
A. E, Pufahl : .
* 6. S. Jordan
H. F. Reichard
N. J. Settar -
R. C. Woolery
J3. A. Riccle .y
Dr. C. U. Deraehl Subject: ASBZSTOS TCIZCOLCGY REPORT

Gentlemen:

’

Decantly several reports were given at gectnical meetings and
- suzmaries of them carried by the zational wire sarvices conceraing possidble
carcinogen.c. properties of asbestos. Some of you may hzva receivec cuestions
from your custbmers on this.subject. ’ ~ .

T In order to counteract a3y serious pradlazs or worsies oafore I.cy
get out of hand, we kive asied Dz. C. U. Dir=ehl, Director of Tomicology,
Union Carbide Corporatiom, to forruiite & statezsaal for us. 4 copy of his
scatement is enclosed. Additioral copies can be obtaineé froz me or you =iy
make your ouvn copies if you wis: to pass chaa on ©o incarestad custoz=ars.
‘You wiil aocs that, in esseucs, tha TRpOTT zTites thas good housezcaping -~
such as would be required in any dust-producing operasion == should be
sufficient to prevent any problexz with asbectosis. You will also note that %
‘he penticns use in & wet systea -- which corcainly applies to ths paper SRR
mill == and a pellet form == cne of the stIig points of our 2sbestos =~ a3 B
sdditional means of minimizing any potential problem with tae product.

Further, other asbestos producers and those acquainted with che
subject feel that ‘the original daca upon which the cancer-producing report
was based dic not take into account any outside influences, such as scoking
or corrosive atmospheres, which also pight produce cancer. Here, it should
be noted that tuch asbestos usage considered in the techkaical papers is in
conjunction with tar and pitch compounds which are known to ceatain
cazcinogenic materials.

iz T




. se-exmplovmept and Rerisclc phrcical examinaticps S8 SOTHUCS 1re
Jesizable. —TrEI cheuid imzluddimoe—H—seye—tT TIITIS taat he war.IET
har-we chest cendition prier L9 worls with asbeszos ane o deterzane that
no lunz changes arce resuiting fron work with asteslos.
. It is GEE&;::j that the addition of ascbestos at the preposed
levels during the S3mutacture cf psper procducts would be harmless o R ‘
consuzer. Tozal dustizng would have to be well in excess of any levels L}ﬂw”
acccptable to the consumer for the asbestes concentration &9 appreach the 3 o/gnﬁ-
Threshold Lizmit Value. ' // QS ﬁ\L~“‘}
- ,
In conclusion, while asbestos duct in excess of the Threshold ‘;{514"'
Pd

Limit VYalue is potentially harmiul, as are =aay other dusts encauniered
in industry, it is as readily controlled as other such dusts ané it can

be uscd safely with appropriate preecautions.

Carl Y. Serachl, M. D.
Direczor of Toxiesiziy

¥. S. lane, 4. D
Assistans Divec:

s Toxicolegy
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Dr. 2. J. Hall

: Criicn Cardide EZuropa A.A.

! A 4G, Fue Du Raone :

: 1212 Geneve 3

Sulsse

A Dcar Tom:
I

L4

have reviewed the regort, "Asbestoc A5 & Hezlix
Eaza>¢ In The United Xingdon!, prepzreé oy I. C. Sayers,

and ix gerneral I find tzat it 1s -easonably accurate,

I do not attach very nuch importance to tre cztz oa tre

incicence of asbestosis ané death frcm 23°estosis end

czncer tecause these are merely taduliations ol events

X and do not take into consideration the nunters o zeople

: who were sutjacted to the possizility of the evens

; oceurring, : ==

-
-

.r

-

- o't . .
i We nad been interested in tie S83iTllity tThot the
i sr.ors fiker Coalinga preiuet ignat hove a goeater nazaxd
than the morc conventionzl fommis ¢ 2sdcitos dutante
cub-nicron 3ilica has been iciovm €0 cauce a rapicly v
W , progressive silicosics alter exceedingly brief expciure, Coes
. We ware concerncd -about whether the Coalinga materiel’ x
R with 4ts exceedingly fine fibril diameter nigat 2ave & -
e similar effect in causation of asbestosis., Ve t:rareflors
s T made some preliminary studies in whicn the materizl was -
" injected into the delly cavity of guinea pigs, Jats
and rabbits and also was injected intratracnezly by 2
method wnich distributes the ascestos througnout tae
lungs of rats. The materials injected were the siandard
f4ber, a refined fidver.and a long fiber obtained Irom
Johns Manville fop purposes of ccmparison. In the in-
jection study the®Coalinga refined fiber procuced the
most severe reaction in the belly cavity, wrereas the

L —n M . 0 e =res

e . — : . T
3, . - . Preash ) pEpo. exi, 2 3
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- My, Sayers of the asbestos group in UCL bas written a repor*

15 June, 1967
1415 TH/MLF

Mz, Frank Dexter

Union Carbide Corporation
Chemicals & Plasticg Divisian
270, Pazk Avenus

New York, N.T. 10017

Re: AEBESTOS TOXICOLOGY

e

Dear Frank:

. N I
I assume that yeu are awarse of the occasional reports conceraing
possible toxicity and carcinogenic properties of asbestos. Dr. Dernehl il
of Uzicn Carbide Medical Department has followed thic area very closely i
and has maintained a very close check on the working cenditions at the [
King Clty plant. , . 4

Perkaps the most publicity and "iaterest” ia this problen has been
in England. Thers, cnly twe ports will - handle zormslly bagged
asbestes, at the other ports the Uniom af Dock workers have refused
to handle the shipments af asbestos.

We have been permitted to bring in several shipments with act very
favorable results. The last shipment, because of rather peor handling
and packing, was in bad shape with many broken bags and much {ree
asbestos. Coples of reports on these skipments hive undoubtedly
already dame to your attentian.

summarisiag the findings and feelings concerning asbustos {z ihe v.K.
I asscme that you have also sees a copy of this report. [ am laclosing
with this lstter, a copy of the camments D7. Durnehl made in respcase
to this report from Eagland.

_to be forwardsd to Niagara Falls for tyace elemen: analysis.

1 assume that this {s catisfactory to you. We will, of courso,

My mais purpose in writing thic to you ia'to confirm that at . .
the July asbestos mesting iz Oxzford we will implemens the -~
suggestics made by My, Sayers and agreed to by Dy, Derzehl ..--7:7
that Union Carbide join in the coopsrative standard sample
camparisens 10 the extent of arranging for standard samples

In jeining the program to this extant we will be able to keep in
cbse comtact with the prograss of this study and will also be
aware of any adverse {indings which smay develop.

keep vou directly advised ¢f any informatios that may devebp o |
ovor here. If these findings or azy cthers of which wo may not._ . |
be aware cause oy change in marksting plans oy programs for
asbestos, we assuma you will immediately advise us. :

. [Mnxpo.mli}

!-_ jﬁ/[&ji!
ooy A.KENNEDY !




“eontrol zathods ars the standard ones applisidia to & variaty of ‘Susty ;'

UNION CARBIDE CORPORATION

270 PAAK AVENUVE. NEW YGRK. N. v. 163:7

ASZESTCS TOXICOLCGY REPCRT

1t has beea known for maay years that soue persons working in
asbastos production ware prons to uevelop a disaoliag iung diseas:. In
tize, this condition becamz known as asbastosis and was relaced to ex-
posure to high comcentrations of asbestos dust. ilith furcher experience,
it was found that mea could work with asbestos without development of

. lung disease if dust concentratioas were xepz balow a certain level. ‘It

is pow generally accepted that a 23 can woTk & &)=zour track for a life-
time without developing astact...c “f = .al3TSL & .3 FoSuisis count is
kept at or balow 5 million particles per cub.s foot or aiz. Tais dust
concentration of 5 milliva pacticles per cudic fost ¢ air is tx2
Threshold Limit Value for asbestos, and no cases of asbestesis ir. xnown
to have occurred wian exposures hive beex =zintained at or beiow I.is
level, despite iacge-scale utilizazion (cow approaching one milliorn tons
per year in the U.S.A.). Tbis concentracion of dust is generilly not
visible in the averazge work area uniess a baza of liz:t csusing a Tyndall
effect is present, Usually tle dus< concenzration zust be from 8-10
million particles per cubic foot tefore its presence is visible in aver-

age lighting conditioms.

Several years ago, it was reporcec that there was n iasrease
in the iacidence of cancerous ti=ors, especizlly of the leng, asssciacea
with asbestosis. Recently there nave beex zezo-ts of so=: caacers
occurring im individuals exposac to asbastos cust, Sut who have ne:
developed clinicsl asbestosis. It is believed by =cs¢ authoricies that
these cases hive been associated with exposures siznificeatly axceeding
the Threshold Limit Value. A =zjor panufactuzer of asbestos producis who
alsc mires asbestos has not beer 2ble to show an iacrease in camcercus
growths in cen working where dust concentrations were pointained at the
Thres:ols Uimit Value. T _ N foToo.

.« 4" :icontrol of asbestos dust exposure is therefore g&;.sgaéyLE:;;.’

operations. They include closad flcw systa=s, Wet processss whare . . -
possible, and adequate exhaust ventilation whese openiazs in the system . 3
are necessary. Pelletizing is socatizes usad to izprove the hamdling - PELTER
characteristics of otherwise duscty paterials. Where szzislfactory con- -
tainzent to stay within the Threshold Linit Value is izpractical or

iopossible, efficient and reliable respirators ate availcble for the

protectica of the ezployee. A prograd of environzental =onitoring is

highly desirable to deteraine that Thrashold Limit Values are not being

exceeded. In paper manufacturing, {t would be desirable to know the dust
concentrations where the asbestos is dumped from bags into the pulp

slurry. Concentrations should alsc be deternined wnere dusting occurs_in .

AQ3
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finishing products. While initial dust determinations should be made at
_frequent intervals, once the level has been established as satisfactory,
the frequency may be extended to occasional tests to assure continuation

of a satisfactory conditiom.

Pre-employment and periodic physical examin#tions of workers
are desirable. These should include chest X-rays to insure that the worker
bas no chest condition prier to work with asbestos and to decermine that mo

lung changes are rasulting freu work with asbestos.

It is believed that the addition of asbestos at the proposed
levels during the manufacture of paper products would be harnless to the
consumer. Total dusting would have to be well {n excess of any levels
acceptable to the consumer for the asbestos concentration to approach ‘the

Thresaold Limit Value.

In conclusion, while asbestos dust in excess of the Threshold ;
Ligit Value is poteatially harmful, as are many other dusts encountered in i
industry, it is as readily controlled as other such dusts and it can be . lﬁ
used safely with appropriate precautions. : e

Carl U. Darnmehl, M.D.
Director of Toxicology . i

Z. S. lane, M.D. . _
Assistanc Director of Toxicology

403735
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. CF NIR.!F. ! 1415 TJH/MLF ‘ .ul. .AV.CNUC LOUISE . . _:‘ EP 1 7037
Mr. Frank Dexter U F'J,‘-_'f‘.?'s
Umon Carbide Corporatxon we '. T

:270 Park Avenue
New York. N. Y. 10017 .

, Dear Frank
p ': Durmg a recent con.ference on Phyncl and Chemutry of - 7.
.\"Asbcstos Minerals at Oxford, England, I met with repre- -_3 ot
v:y'r, ‘scntatives of the group who arc coordinating an analytxcal

S ptogram for asbcstoe samples. ‘I'hcoe wcre.

Dr. V. TIMBRELL
-“Medical Research Conncil
‘ Pneumnoconiosis Reeea.x_-ch Umt
* Llandough Hospital « &' i

Penarth. Ghmorgan,. . \) y‘ e

v, i e
Y,

-"'".‘I'his meaoting wae to arrangu tor Union Ca.rbide s cooperationo &5
“in trace element a.nalylel of lta:nda.rd eamplel. . <

R ‘Dr. Mumpton. who. mcidentany. gave ‘an exceptionally good
£ and well received paper at the meeting, is bringing the samples <
o < back'to Niagara Falls and is awaze of the requirements of the - .

:..group for analysis. Briefly, they would like to have all possible

'.;:ace elemente an lyzed to the highest pos nble degree ‘of accuracy;.

""-a-o. e .Q!v"-’ g mete des

. ..,'.' S .8
. iy ~ g e = 3
.. X . .
K . - ]
. . m .

o . y 1 pEpo. ExH. 2.2
~ . zfie /iy
SN . KIRBY A. KENNEDY ,

) COURY REPORTER
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"~ There are two samples of chrysotile asbestos,
.- and, I believe, two of crocidolite. Dr,

v:. quantities - close to one ton each of the
, have been "thoroughly” blended, In the case of chrysotile he
-also has samples of the different types from which the standard >

i+~ sample mix was prepared. He asked if we could possibly analyge -7

2% :i samples of these original components in order to see if any com.. 7713’

used as a key to the efficiency:
es, Dr. Mumpton agreed:to_;

analyses to see if we could >
e of them, ERTRES . . . :

one of amosgite ° .° ,:
Timbrell has sizable -

1iv. justify also doing som

. Y . . K

Timbrell and Dr, Morris’
e details, I believe it is A
any questions and problems:+ 3
; ' realistically there is not much evidence yet
, as to the true "danger" of using asbestos, - . | - o

"“We had a len

gthy discussion with Dr.,

. T
D - L Y

ek-of .Au.gult-' 14 and""
and other asbestos,

27 1 E:Jpeci to'be in New York"q{x_ring the we
- would like.to talk to you more.

::’: ."'O‘T.HQ
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V. REF,
N. REPF.

. to publish our data and I would like your comments en this.

*  agreeing directly with them.,
to have this sort of publication first approved by Carl Dernehl

-~
RECEIvE:

N
JF. eRaNGos

UNION CARBIDE BELGIUM N.V.

BRUXELLES 8, 39 November, 1967

1640, aVvENUE wOUISER

1415 /TIH/MLF '-— -_—
o Mr. F. Dexter ' i
_ Union Carbide Corporatien : i
. New York Office :?f
s , !
: J 3::
’é
gl

Dear Frank:

As you know we have been trying to keep close to the
asbestos toxdicology work in the U, K. Fred Mumpton at
Niagara Falls arranged for some work to be carried out
on a sample and gave.us a report cn this, Ian Sayers took
the report to the laboratory group in the U.K. which is co-
ordinating this work. ] am enclosing x’copy)of hisc hand
written report for your information. €n they come back
<o us for additional analytical work we will pass it on to you.
There continues to be a great arnount of concern about this
subject and we are going to have to learn to live with the
problem in the U.K. So far there has been no lndication
of it being passed on to the continent.

In this report Im pl.ues on the request for permission

Even if'you agree we would try to find out in more detail the
conditions under which thig data would be presented befors .
Perhaps it would be detter -

befors we finally agree. Also I will ask Ian to follow directly
obu!ning the apaetrog:tph!c analysis method., . .

4 you or any of the others receiving thia letter have any . al
cammenta ! would welcome !.hem. ) .

Best regards, S T

e, . . on s e P

Very truly yours,

THOMAS J. HALL,

-~ TIVIITATM A X Lo 1
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xre Do C. willard April 23, 1867
puilding 8-96-2

Particulate Yatter in Air
£, 2. Bull, MTD. Asbestos Dust
: Project No. IS-PAR-76-67

Cear Doz:

L8 per our'telefhone conversatiozs toeday, I am attaching & resums!
of our determizations of dust _bhreathed by the employees while
cutting and 4installing "iale"” insulaticn.

Ne feel.that further air sampling is needed to give you more
rpeaningful conclusions as to the best protection for the employees
handling this materisl.

At your coavenience, we will be_glad to discuss these findings with
you. I the meantime, if you would keep us informed of jobs pecrtain-
ing to cutting, imstallisg and removing "kayle" insulation, it would
te helpful in scheduling the air sappling work. :

- = Thagks,
." : ‘6’

Bert Lurray

/
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To:

. . Unfon Carbide Corporation
' Metals Division
Niagara Falls, New York
September 29, 1975

MEMORANDUM

R. E. Byrne, Jr.
"B, L. Ingalls

o~ J. L. Myers

¥. C. Thurber
From: K. B. Rhodes./
-Copies: F.ilg
. Subject: Visit to the 18th International Congress on Occu ational Health - -
. Brighton, England, September 14<19, A1 A —
N The writer attended the above noted conference in Brighton. There
"were 22 papers directly relating to asbestos presented and about another 15 on

occupational lung cancer ¢

enerally attributed to various particular matter such

as silica. Talc was covered in several of these. Abstracts of all papers are
available and a complete set of papers will be published in some months.

o

The conference was ttter;dcd by over 2000 delegates, 1ncludin§ most

of the big names in the asbestos controversy. [ had the-opportunity to, talk

informally with a number of them and their current views on the toxicology
situstion will be summarized.

ares, 3

Geography and Occupational Health.
Ji{oma deaths that have been recorded in lsrael.
children, they were about equally distributed between men and women,

. tial proportion had no significant tracesble occupational exposure, 3nd the

' highest

. " handle asbestos are located.
occupstiona] exposure to asbestos, ~

-

Muriel Newhouse wrote letters of rebuttsl which we
Bob Mereness will report details via-ALVMA,

..
s

In general, the conference produced only one bombshell 4n the. asbestos
paper by Dr. M. Wasserman of Israe). It was ina diffbrent sessfon on

rates were not in the two regions of Israel where the plants which

| L'ﬁl"l‘/
The London Times reported this prominaté

PR T
-

: . . Lt
Overall, the mesothelioms sitvation for

1. Among 1n.iqhtors.

& g
" vccupationa :
. to ook discouraging. .The McDonalds opened the asbestos session with a survey. i

‘« - § of the available information on the incidence ©

of t{te world. They fo:'md the incidence extremely high in three sftuations: .

{377 Both the AIC and Dr.
) lSS}M_;/,Y“] be published.

“exposu

f this disease in various parts

~ [}
| 2. Among_those who work or 1ive in cities with ship yards.

He took a detafled look at about 40 mesothe-
There were several among small
3 substan-

He drew the conclusion that the cause was non-

3.. Among t_hosg" who w;)rk or live in certain cities with large asbestos
" plant‘s °: : vy 0118¢
i
. ‘ —_—
R OEPO. FX4,2 Px.':-_v.ubz exn. 39
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. The evidence for a gradation of effect for the various types
of asbestos continues to be conflicting, except for the mining and
mi11ing operations., Here a clear pattern from crocidolite, amosite,
chrysotile to anthophylite is found. They conclude that this patter
kis generally true with some possible exceptions. ,

! The data used in this study went up to 1972, Mr, John Marsh,
(Raybestos-mnhattan) rentioned to me that there are 8 substantial number
of new cases reported that could alter the rate of {ncidence considerably.

. The TBA paper updating their sortality studies that followed
was almost unbelievable. It was read by Dr, R. Doll who snumbled so fast
that nobody understood & word he said. It was backed up by slides con- .
taining large tables of unreadably smll figures. Bob Mereness is to get
a copy of the paper as are 3 nunber of others who couldn't understand it.

1 had the opportunity to discuss the Rochedale researches

with Dr. Lewinsohn. The key controversy with Dr. Selikoff revolves around
the reading of the x-rays. A panel of four, including Lewinsohn is now
reading them and the results are being correlated. A meeting to discuss the
results {s scheduled for January. It looks 1ike this will not be ready in
time to help in the U.S, OSHA revision. : )

. The discussions with Lewinsohn and his TBA associates brought
out clearly another key.point that 1 do not believe ever really spelled
out in the OSHA hearings. This factory that forms the basis for the 2
fiber 1imit 1s just now getting their fiber Jevels down to 2 fibers. All
o‘f, the Jﬁrtﬂity data that is being argued over is for exposures well
' ”e s. i . .

N .. . 3

This point was-also emphasized by Dr. Steve Kolmes.(Or. Holmes
testified at the OSHA hearings.) The limit is not really. 2 fibers but
100 fiber - years based on an assumed 50 year exposure. This is tied to
a-very critical second condition that concentrations do not exceed 10
fiber/cc measured over 3 10-15 minute period. These criteria do not
consider mesotheliom. ™ : ‘

. The TBA paper was followed by Dr. Murial Newhouse with her
tasiest thinking on her .cohort of 3600 asbestos textile workers, She had
fitted & distribution function that had worked for other cancers and
was predicting a 10-15% death rate from pesothelfoma. This was in pddition
to_20%.from lung cancer. This s .a very substantial number and the rest

. of the British experts that 1 talked to questioned. the validity of the

‘ extropolation. Interestingly enough, Or. Selikoff arose and coomented that
he felt she was high by:a factor of about 2. It was interesting to note in

a1l of these discussions that the workers had hsavy exposure for 3 lesst

socz period but no real attempt was made to correlate varfations in ey-

-posure. - Dr, Newhouse, however, continves to talk about a dose-response

*;  effact in-sesotheliom.. : ..

. Several other papers of particular -interest in this seminar
related to a cooperative ¢ffort to compire asbestos fiber counts by the
techniques-used ip various countries. The general feeling was that the

; -sathods left considerable to be desired but in the 1ight of our experiences
the comparisons 'look‘ed'l:o,re.t'ty‘ good. A key difference found was with the

. : l 01189
. " . :'; ° :

~ E- i i . VT -if-"‘!j--

. k . . * :‘. .". I;




. -3-

U.5. PAT samples that everybody but the U.S. laboratory counted very
Jow. We can understand the problem from our on experience and have 8
rea} question in our own minds as to whether the PAT samples are really
much pore than a numbers gQame.

“The Selikoff et. el. paper on TJC vas well presented but
looked 1ike the same data as was given in Miami, Or, Fishbein expanded
on the short fiber question to the extent that Dr. George Wright got red.
and climbed 211 over him after the paper. George insists that there is
no evidence that the short fibers are toxic and a great deal of evidence .
that they are not. DOr. selikoff himself finally had to come over and
ssooth things out. As 3 consequence, [ was only able to learn that they
do have additional data but could get no details. .

The brake lining paper from Mt. Sinai followed the same ..
pattern s TJC with 1imited data and lots of concern. or. Lewinsohn
commented privately that the 0/1, 1/0 and /1 x-ray changes that the v
Mt. Sinai group feature sO prominently 1n their statistics are often more in
the eye of the reader than in the film.You have to get into the "2° -
level before there is mo question that change has oceurred. The UK.

au:lic response was that dust was controlled in this application in the

’ The crocidolite vs other asbestos question was addressed by o
one paper from South Africa: that argued thit amosite plus chrysotile
caused as much asbestosis as crocidolite. The statistics were based on
the number of miners who came back out of the -bush to make compensation
claims after working for several years in the asbestos mines. - There was
. considerable question regarding the validity of the cohort but 1t did
bring out some background on the crocidolite situation, When the question
of regulations came Up in England it tooked 1ike the blue asbestos from
South Africs would be replaced by better amosite and chrysotile from
Rhodesia. It was sacrifices much 1ike the spraying of insulation in the
U.S.A. and then the Rhodesian sanctions upset the whole picture.

in summry, I get the overall {mpression. that theret is 2
great deal of concern that the mesotheliom &nd even the asbestosis
. plcture will get worse before it gets better. There is 3 growing feeling
that short, intense exposures which overwhelm the jung clearing mechanisms
. may be enough to cause serious harm, The question of how short is vague
and depends to 3 considerable extent on the individual susceptibility. The
only one 1 found who would take 3 firm stand on the 2 fiber Vimit was
Alex Cross of Cape Asbestos and AIC who felt {t was safe for mesothelioms
as well, . .

1f anyone would like to look‘it"thg abstracts, please let m

knew. "
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VARIATION OF PROPERTIES OF CHRYSOTILE
ASBESTOS SUBJECTED TO MILLING ’

A M. Langer, M. S. Wolff, A. N. Rohl, 1. ]. Selikoff

Environmental Sciences Laboratory of the Department
of Community Medicine, Mount Sinai School of Medicine
‘of the City University of New York, New York, New York

Mechanical milling s commonly wused to produce short chrysotile esbestos for
experimental purposes. Such menipulation also decrcases fiber crystollinity, olters $i-0
ond Mg-O interloyer bonding, induces coordination chonges in the brucite layer,
diminishes the ability of fiber to reduce specific free rodicals ond physisorb organic
molecules, and decreases hemolytic po 'y ond gonist sorption caopebllities. The
degree of olteration Is related to the time of milling. Results of biological experi-
mentation with these materiols must be interpreted with coution. Interection
mechanisms in the biologicol setting are suggested for chrysotile fiber.

INTRODUCTION ‘ _

The current U.S. federal standard for worker exposure to asbestos dust
became effective on July 7, 1972, and established, among other factors,
methods and analytical techniques for air analysis. it defined fibers to be
enumerated in the work environment as those §-100 um in length
(Federal Register, 1972).

The selection of fibers greater than 5 um in length was based primarily
on methodology evaluation by the US. Public Health Service during a
study of work environments in the asbestos textile industries in the United
States (Lynch et al., 1970). This investigation was indebted-to a British
study by Addingly (1966), in which the 5 ym fiber was selected as the
lower size limit for counting, mostly on a utilitarian basis: the counting
procedure, by optical microscopy, was simplified, and the interobserver
error for counting was reduced. This latter study was also influenced by
an existing theory of pathogenesis of asbestosis, which suggested that
disintegration of “/orge asbestos bodies, those necessarily nucleated on long

The authors wish to acknowledge support under 2 Center grant from the Nauoml Institute of
Environmental Health Sciences, ES 00928. One of use {M.S.W.) wishes to acknowledge support
under a postdoctoral feliowship from the NIEHS, £S5 02565. The capable technical assistance of A.
Tordin! and T. Samo is gratefully acknowledged. .

. Requests for reprints should be sent 10 A, M, Langer, Environmental Sciences Laboratory of
the Department of Community Medicine, Mount sinai School of Medicine of the City University of
New York, Fifth Avenue & 100th Street, New York, New York 10029.
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A. M. LANGER ET AL,

fibers, was responsible for asbestosis. Malignant tumors were not con-
sidered in this size selection.

~The use of asbestos in some 3000 applications has been accompanied
by increased use of short grades of fiber.-These fibers now constitute the °
major size fraction used throughout ‘the world. The question of the
importance of the fibers not counted by the current US. standard has
recently been raised: in most commercially available. asbestos raw
materials, small fibers constitute the numerical preponderance in all
samples examined (Timbrell et al., 1970); small fibers tend to form stable
aerosols with greater potential for inhalation; small particles penetrate
beyond the terminal bronchioles and come to rest in alveolar spaces
through impaction and diffusion mechanisms (Timbrell, 1973); retention
of short fibers is marked, as evidenced by their numerical prepondcrance
in hu)man tissues (Pooley et al., 1970; Langer et al., 1971, 1973; Pooley,
1972).

Some controversy has arisen concerning the biological activity of small
fibers, mainly because experimental evidence exists, in both animal and in
_ vitro test systems, to support either contention: short fiber is active (e.g.,
King et al., 1946; Davis, 1964, 1970, 1972; Holt et al., 1964, 1965;
Wagner, 1968, 1973; Mclver, 1968; Gross, 1968; Suzuki and Churg, 1969;
Wagner et al., 1970; Hilscher et al., 1970; Bey and Harington, 1971;Pott et
al., 1972; Wagner and Berry, 1973), or short fiber is less active or not
active (e.g., Vorwald et al.,, 1951; Pott et al., 1972; Stanton et al., 1972;
Stanton, 1973; Reeves et al., 1974). A review of these papers suggested
that material preparation and manipulation played a key..role in decter-
mining beforehand whether a response would be induced. For example,
Pott and colleagues produced longer latent periods for tumor response
with ground fiber, as compared with responses produced with unground
fiber; Hilscher and colleagues produced tumors with microtome-cut fiber (a
relatively gentle size reduction method) and found no response with
ball-milled samples (a vigorous method).

OBJECTIVES OF THE PRESENT STUDY

These and other observations suggest that conflicting results concerning
the activity of short asbestos fiber have been brought about by property
alteration through manipulation. We therefore began a study of small
fibers, _reduced_in_size by methods similar to those that produced
so-called biologically “inactive” small fibers. These materiais were

examined ‘by means of a number of analytical techniques to determine -

whether alteration of surface or structural properties had taken place. In
addition, in vitro test systems were used to deduce any change in

biological activity.
g




PROPER;TIES OF CHRYSOTILE ASBESTOS 178 '

MATERIALS USED IN THE STUDY
AND THEIR PREPARATION

1 Chrysotile asbestos occurs naturally as compressed mats of short
fibers, with a large proportion of accompanying fibrils, in several major
serpentine deposits in western North America. These deposits have been
referred to in the mineralogical literature as the Coalinga type. Samples
were obtained from the New ldria, California, deposit through the
/ courtesy of Union Carbide Corp. This material, referred to as Calidria
) RG-144, was used for experimental purposes.
A : Impact-milling was accomplished using a Wig.L-bug amalgamator, con-
: sisting of a 2.5<cm-ong, 1<m-diameter steel cylinder, which could be
0 attached to a vibrator operating at about 10 cyles per second. Portions of
chrysotile (50 mg) were placed in the cylinder chamber with a 10 X 13
mm pellet and milled for periods ranging from 60 to 3600 s. These
materials were then examined for changes in crystal structure, surface
chemistry, and chemical and biological behavior as a function of the
- duration of ball-milling.
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METHODS AND RESULTS

Transmission Electron Microscopy and
Selected-Area Electron Diffraction

Portions (<1 mg) of the material as received and of the milled
samples were dispersed in 0.1 m! nitrocellulose (1% in amyl acetate) on a
precleaned glass slide by gentle stirring. A second slide was placed over the
first and the two slides were pulled apart, producing a film on each. The
film was floated on water, and carbon<oated Formvar-coated grids were
placed on the film. The grids were lifted out with filter paper and dried
on filter paper in a petri dish. They were examined by transmission
electron microscopy (TEM) (JEOL JEM-120U) at 120 KkV. Photographs
were obtained at direct magnifications ranging from 2800 to 20,000
directly on the TEM screen. All counting, for size distribution characteri-
zation, was done directly on photographs at a final magnification of
10,000 with the aid of a Porton graticule. Two observers participated in
this process, alternating counting and size recording every 100 counts.
Some 1000 objects were counted for each preparation. Interobserver
measurements were made consistent by establishing counting criteria: a
particle composed of at-least-two fibrils, the shorter being contiguous with
and comprising at least one-half the length of the first, was cailed a fiber;
objects counted as fibers possessed a length/width aspect ratio of at least
3:1, objects with smaller aspect ratios, composed of many fibrils, were
counted as clumps; single fibrils, of any aspect ratio, including contiguous
fibrils that did not meet the fiber criterion, were called fibrils.




FIGURE 1. Size distribution of fibers in milled chrysotile samples becomes progressively smaller.
* Electron micrographs represent fiber unmilled (A) and milled for 60 s (B), 300 5 (C), and 36003 (D).

TABLE 1. Catidria Chrysotlle: Size bisuibutlon on Comminution as Determined by Electron
Microscopy

Percentage in size class

. €. 011- 0S1- 13- 2%- 3= 41- 5.1- > Number
Treatment 0.1 0s .0 20 3o 4.0 50 10.0 10.1  counted

Fibers (length in micrometers)

‘Untrsated 37 397 220 187 19 14 19 37 09 2u

604 mill 05 220 340 270 136 13 - 0.3 - 191
300 mill 04 S3d 327 132 04 - - - - 251
1200 mill 86 1.1 124 0.9 - - - - - 162
36004 mill 163 829 08 - - - - - - 123

—Fibiiks {Tength in tenths of micrometers)
Untreated 248 . 5t8 9.9 53 33 1.9 1.3 0.8 0.6 300

6amill 157 675 128 40 04 - - - - 779
3004 mill 247  69.0 $3 09 - - - - - 962
12005 mill  68.0 317 0.3 - - - - - - 829
6005 mil 74,8 25.1 0.1 - - - - - - ase
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PROPERTIES OF CHRYSOTILE ASBESTOS

Progressive grinding of chrysotile produced marked reductions in both
fiber and fibril length (Fig. 1; Table 1). In the untreated chrysotile, 77%
of the fibrils were less than 0.5 um in length. In comparison, in the 3600-s

milled sample, virtually the entire fibril population was smalier than 0.5

um. Chrysotile fibers comprised 21% of the population in the untreated
material and were reduced to only 13% of the 3600-s milled material.
Lengths were less sharply reduced, with 95% of the fibers less than 5 um
in length in the untreated material and over 99% of the fiber reduced
below 0.5 um in length in the milled material (Table 1). Although not
included in Table 1, clumps increased from 0.5% of the objects counted
for the untreated material to almost 10% of the objects counted for the
3600-s milled material.

In addition to these changes, the milled asbestos possessed unusual
morphological features that more readily deformed under the electron
beam. Although the fibril form in milled samples resembles the form
observed in untreated material, the former possesses more flattened
internal capillaries and sustains greater damage per unit time under the
“electron beam (compare Fig. 2, A and C). Selected-area electron diffrac-
tion (SAED) patterns obtained on fibers of similar dimension in both
populations display only a small loss in intensity of reflections and 2
decrease in streaking of the (hk0) reflections in the milled materials
(compare Fig. 2, B and D). The loss of streaking of the (hk0) refiections
may indicate a flattening in the ab plane, produced by breaking along the
curved surfice. These features suggested structural damage during com-
minution (Langer et al., 1974).

Electron microscopy demonstrated that mechanical comminution of
chrysotile produces marked size reduction of both fibers and fibrils,
reduces the overall fiber population to fibril form, induces the formation
of clumps, and induces structural damage to the chrysotile fibril.

X-Ray Diffraction Analysis

Using a Norelco X-ray diffractometer, portions of samples of equal
weight were poured into an aluminum sample holder, flattened into place
with a precleaned glass slide, and subjected to X-ray analysis in the 5-60°
20 range. Sample preparation induced preferred orientation of chrysotile
fiber axes in the ab plane, parallel to the sample holder, which enhanced
the first- and second-order reflections along the c-axis stacking, specifically
the (002) and (004)-reflections. These are normally the two most intense
reflections of this mineral (Whittaker_and Zussman, 1956).

Two important parameters of each peak reflection normally change on
size comminution—peak intensity and width. Peak width increase, referred
to as line-broadening, is related mainly to particle size decreases and
subsequent relaxation of the Bragg equation for reflection reinforcement
(Azaroff and Buerger, 1958). Although the chrysotile was extensively
ball-milled, the chrysotile patterns showed no appreciable line-broadening




FIGURE 2. Electron micrographs of chrysotiie asbestos milled for 60 s {A) and 1200 s (C) and their
selected-area diffraction patterns {X 66,300). In (A) fibrils are rectilinear with intact cenral capillary
and morphology. In {C) electron beam damage is evident, some fibrils having lost the classic
morphology (arrows)- (D)-The-selected-area diffraction pattern for (C) shows less streaking, indicating

3 loss.of outer fibril curvature,
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effects. This may be related to the inherent size distribution of the
material, in that the bulk of the particles lie at or below the size limit
required to produce enhanced broadening effects on comminution
(Azaroff and Buerger, 1958). The factors inducing broadening, outlined in
the Scherrer equation, may also be absent in the present case since the
majority of the particles are already in fibril form and comminution
mainly affects particle length. in this case, therefore, the orientation
effects are such that the ab plane remains essentially unaffected.

We observed, however, a marked decrease in the total X-ray count
under two major reflections, (002) and (004) (Table 2). By using a polar
planimeter to measure the areas under these reflections, the total X-ray
photon count may be determined as a function of the reflection area,
within 1% error. Since the measurement was made from a flattened
baseline with no discernible satellite peaks, radial distribution analysis for
the contribution of incoherent scattering to the baseline was not deemed
necessary. The relative loss of X-ray photons was greatest from the most
intense reflection.

Similar loss of X-ray crystallinity for chrysotile asbestos on grinding was
observed previously by Ocella and Maddalon (1963). We corroborate this
and further observe that mechanical milling of chrysotile for periods of
only 5 min produces a marked alteration of its structural integrity and
decrease in its crystallinity.

Infrared Spectroscopy

 Untreated and manipulated samples of chrysotile were prepared for IR
spectroscopic examination by pelletization in a KBr matrix (0.25%, wiw),
utilizing the standard solid preparation technique. Specimens were
examined with a Perkin Elmer model 457 IR spectrophotometer in the
“‘range 200-4000 cm™! (A = 2.5-50.0 um). Selected portions of spectra for
specimens ground for 60, 600, and 3600 s are shown in Fig. 3.

Several important features may be noted in Fig. 3. The material milled

TABLE 2. Change in Total X-Ray Count (Peak Area) under Selected Refiections
with Progressive Ball-Milling’

) Peak area (in®) Peak area (in?)
Treatment 7.35 A (002) /, /1, = 100 3.66 A (004) 1, /1, = 80
Untreated - 8.36 6.99
604 mill —_ 780 6.96
300+ mill N 7.38 6.0
1200+ mitl - 4.92 5.72
3600+ mill 3.50 . 5.69

‘chutcd for mass-equivalents (packing change). instrumental setting: target:
CuKa nickel filter; graphite monochromator; 1° 26/min; 4°-0.006-1° slit settings;
target: operated at 45 kV/20 mA.
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FIGURE 3. IR spectra of Calidria asbestos, untreated and after milling times of 600 and 3600 s, show
the major absorption bands wnchanged. Bands at 1020 and 470 cm~*, tentatively assigned to
nterlayer Si-O-Mg, are broadened and shifted.

at 60 s produced an IR spectrum consistent with untreated chrysotile
(Brindley and Zussman, 1959). Unmilled Calidria asbestos gave similar
spectra, showing strong peaks at 3683 ¢m~!, corresponding to the Mg-OH
hydroxyl group, with a shoulder at 3640 cm~! (probably the interlayer
hydroxyl) and a triplet at 1082, 1020, and 955 cm™!, possibly
corresponding to the Si-O, Si-O-Mg, and Si-O(H)-Mg stretching frequencies
(as suggested by IR spectra of quartz, nemalite, heated chrysotile, and
kaolin, the latter the aluminum analogue of serpentine). ,

The assignment of these three absorption bands between 1081 and 955
cm™} is tentative because the stretching and vibrational modes are difficult
to resolve and uniquely assign for this mineral. Two additional triplets,
corresponding to the Mg-O bonds, appear centered at 605 and 438 cm™!,
the latter with two shoulders at 480 and 407 cm™!. :

Chrysotile milled for 600 and 3600 s shows a progressive broadening
and a shift in the 1020cm™! peak (Si<O-Mg) to about 1005 cm™!. The
shift to smaller wave number reflects a general decrease in both strength
(increasing bond.length) and a corresponding change in vibrational energy
requirement. The shoulder at 480 cm~! broadens and disappears on
progressive milling. The OH absorption peaks (3683 and 3640 cm™!)
remain essentially unchanged. On the basis of the observed changes in the
IR absorption modes, it can be concluded that mechanical milling alters
some of the bonding modes in chrysotile, especially the surface brucite
layers, but significant dehydroxylation does not occur. -
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Electron Spin Resonance

Electron spin resonance (ESR) spectra were obtained on solid samples
or sonicated suspensions (10 mg/ml) in carbon tetrachloride, using a
Varian ESR-3 instrument.

With all samples, a strong, broad resonance was observed centered at

g=1.61 with a width of about 850 G (Fig. 4). Hyperfine splitting

(&4 =100 G), corresponding to paramagnetic ion substitution in the
crystalline lattice, was evident in the untreated and heat-desiccated
(150°C) samples. Progressive milling of asbestos fiber caused a loss of
hyperfine resonance in the ESR, consistent with distortion of the crystal
lattice. Reduced particle size may also be partly responsible for the loss of
hyperfine splitting, since the resonance characteristics are dependent on
orientation effects as well. The width of the major peak remained similar
in the milled samples, but the resonance appeared broadened as a result of
a reduced intensity and loss of fine structure. The ESR spectrum of
Calidria fiber probably reflects the superposition of two resonances,
attributed to ionic substitution in the magnesia layers and defects in the

)

. 4H<3500G /\

osdoos

FIGURE 4. ESR spectra of successively milied Calidria chrysotile show progressive loss of hyperfine
structure, attributed to crystalline changes in the brucite layer. Resonances are all centered at
¢ = 1,61,
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silica layer. In a chrysotile sample from another geological deposit, with
different trace metal chemistries, the observed resonances (a complex
sextet at ¢ = 2.00 and a singlet at g = 1.47) were well separated.

* A similar broadened appearance and loss of hyperfine splitting, with
retention of the major broad resonance, was observed with Calidria
chrysotile heated at temperatures below 450°C. Heating in the 600-800°C
region resulted in a. shift of the broad resonance to g = 2.006. It is
generally accepted that the initial effects of heating are dehydroxylation
of the brucite layer (200-400°C) followed by recoordination of the
anhydrous magnesium silicate and its subsequent recrystallization to
forsterite (about 600-820°C). Thus, loss of ESR hyperfine structure points
to structural disruption of the magnesium-containing “brucite’ layer in
chrysotile.

Hemolytic Activity and Antagonism

Portions of unaltered and manipulated chrysotile were prepared and
“tested for erythrocyte membrane activity with the hemolytic test system
outlined in Schnitzer and Pundsack {1970). This system for testing the
membrane activity of asbestos minerals was developed over the last 10 yr
so that the different fiber types may be compared in well-defined systems
(Macnab and Harington, 1967; Schlipkoter, 1968; Secchi and Rezzonico,
1968). In most of these test systems, mature sheep erythrocytes, in
plasma-free suspensions, were tested with known quantities of asbestos
fibers and their hemolytic potency determined by optical measurement of
released- hemoglobin. In our study, mature sheep erythrocytes were also
used to test the hemolytic potency of known quantities of fiber (Table 3).

With an equivalent mass of chrysotile, a marked decrease in the
hemolytic potency was observed after 300 s of mechanical milling. This was
demonstrated by comparing a 1-mg/ml hemolysis level with the concentra-
tion' of chrysotile required to produce 50% hemolysis (Table 4).

TABLE 3. Varation of Hemolytic Activity with Fiber Manipulation

Chrysotlle
Cylinder Hemolysis  concentration Percent hemolysis in the
milling, at at 50% presence of antagonists
time 1 mg/mi hemolysis
(s) (%) {mg/ml) CMC (4 ug/mt) PVPNO (1250 ug/mt)
{Untreated) 80 ¢ §—— 04 N 25
- 60 7526 0.4 s 19
300 5221 1.0 2 10
600 .2321 2.6 19 6
1200 1248 44 n [}
3600 12 7.5 6 -

“Standard deviations determined by 10 repeat determinations.
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PROPERTIES OF CHRYSOTILE ASBESTOS

TABLE 4. Adsorption of Diphenyipicrythydrazyl (DPPH) to Chrysotile (Calidria)

Mitiing time Chemisorption Physisorption
(s) (umot DPPH/g asbestos) {umo! DPPH[; asbestos)
{Untreated) 43215 28322
60 66208 288 ¢ 2
300 69206
600 79106
1200 70207
3600 ‘ 3407 1922 6

Mechanical milling of chrysotile for 3600 s produced a material that was
weakly hemolytic, requiring almost 10 times more fiber than unaltered
material to produce a 50% hemolytic level.

Asbestos hemolysis may be antagonized by a number of polymers,
some of which have been described previously (Schnitzer and Bunescu,
1970). Carboxymethyl celiulose (CMC) is a potent antihemolytic agent in
the chrysotile hemolytic system. It has been proposed that the polyanion
complex becomes bound to the chrysotile fiber through interaction with
the hydrogens on. the surface hydroxyl groups (Schnitzer and Bunescu,
1970). Other polymers, such as polyvinyl-pyridine-N-oxide (PVPNO), do
not appear to interact with the same groups, so that for an antihemolytic
response equal to that of CMC in the chrysotile test system, PVPNO must
be used at 100 times the concentration of CMC (Table 4). In our test
systems, CMC was tested at 4 ug/ml, whereas PVPNO was tested at 1250
pg/ml. With CMC at 4 pg/ml, PVPNO at 1250 pg/ml, and asbestos at 1
mg/ml, varying antagonist response was observed. The antihemolytic
effectiveness of CMC decreased in the samples that were progressively
milled, reflecting the reduced hemolytic potential of the milled asbestos.
The hemolytic antagonism was almost eliminated in the 3600-s milled
material (Table 3). The same effect was observed for the PVPNO. Both
phenomena suggest that the brucite layer of chrysotile is progressively
disordered on mechanical milling, altering the effects and the ability of
polymers to adsorb to its surface.

Organic Free Radical Adsorption

Diphenylpicrylhydrazyl (DPPH), a stable organic free radical, is
strongly adsorbed to chrysotile asbestos, a phenomenon attributable to
strong interaction with-the- polar—nitro groups and nitrogen groups (M.
Wolff, unpublished data). The adsorption is twofold, an irreversible
chemical adsorption resulting in reduction of DPPH to the hydrazine, and
a multilayer physisorption that may involve vertical or horizontal stacking
of the molecule. Chemisorption probably occurs via the hydrogen atom
from the surface brucite layer, similar to the DPPH reduction reported by
aromatic phenols and amines.
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Chemisorption potential was measured by titration of 50-mg samples
of asbestos in carbon tetrachloride with DPPH (1072 M in CCl,), until
excess DPPH could be detected visually by its purple color in the
superhatant. Results are given in Table 4. Physisorption was measured by
determining the adsorption isotherm. Asbestos samples of 50 mg were
mixed with portions with varying concentrations of DPPH (1074-10"2 M
in CCl,) overnight in a- shaker. The DPPH remaining in the supernatant
was measured spectrophotometrically (530 nm). The isotherm was deter-
mined by regression analysis of millimoles adsorbed per gram asbestos
versus equilibrium concentration of DPPH. The values, given in Table 4,
were calculated by extrapolating the adsorption isotherm to 1072 M.

Chemisorption was increased by ball-milling the chrysotile for 60 s,

reflecting the increased surface area available for adsorption. However,
milling for longer periods, up to 1 h, significantly reduced the
chemisorption capacity of chrysotile. A similar reduced potential for
physisorption was observed on prolonged milling.

Both of these processes can be attributed to interactions at the surface
of the chrysotile fiber. Thus, brief milling produces fiber with a greater
surface area, relatively unchanged in terms of chemistry. Iin this state,
chemisorption is increased. Prolonged milling appears to degrade the
surface brucite layer and disrupt the uniform proton distribution (hydro-
gens on the brucite). Both adsorption processes are dependent on inter-
action of the outer hydrogens and adsorption is therefore reduced by the
structural degradation that follows prolonged mechanical milling.

-

DISCUSSION AND CONCLUSIONS

An asbestos fiber standard, establishing a threshold limit value (TLV)
for fiber exposure to workers engaged in handling asbestos-containing
dusts in the United States, was established at 2 fibers/ml on July 1, 1976.
The fibers, counted by light optical methods, were to include only those

“ longer than 5 um. Over 3000 uses of asbestos exist in_the ‘United States,

which indicates that a range of materials, processing "operations, sand

fabrication plants are involved in supplying society with these products.

The size distribution characteristics of the aerosols generated in these work '

areas must. therefore range greatly. In addition, the exploitation of new
types of asbestos deposits, primarily those in the western United States

and Canada, have_introduced a material that consists almost entirely of

short fibers. The need to establish the biological potential of short fibers Is
therefore critical. _

A number of studies of human lung tissues demonstrate that small
particles predominate in the fiber burden of such tissues and may be

implicated in human disease (Pooley et al., 1970; Langer et al,, 1971,
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1973; Miller et al;, 1975). In addition, while some animal studies over the
past 30 yr have supported the human observations, in other experimental
efforts small fibers appeared to have different degrees of activity.

in studies using short fibers obtained by less vigorous methods, such as
air-elutriation and water fractionation, significant responses in animals
were observed. In studies where fibers were reduced in size by vigorous
mechanical methods, either no or significontly reduced responses were
observed. Comminution undoubtedly altered the crystal and chemical
properties of the material. It appears that the less mechanically degraded
the surface of the fiber, the greater the biological response.

Previous investigators have reported reduced crystallinity (Occella and
Maddalon, 1963; Reeves et al., 1974), modified crystallinity, and reduced
biological activity (Robock and Klosterkotter, 1971; Reeves et al., 1974)
in milled fiber. Our data support and amplify these conclusions. The
crystallinity of chrysotile was reduced in proportion to the length of
milling time. The nature of the altered crystallinity appears to be confined
to shifts in interlayer bonding between the brucite and silica sheets, and
changes in hydroxyl configuration (but not quantity or bond strength).
Supporting these conclusions are the following observations:

1. Reduced total X-ray photons, in selected reflections, without line
broadening;

2. Increased susceptibility to damage by electron bombardment;

3. Changes in SAED patterns, decreased streaking of (hk0) reflections,
suggesting relaxation of fibril curvature;

4. Retention of intensity and location of OH absorption bands; shift and
broadening of absorptions assigned to interlayer Si-O and Mg-O bonds
with retention of all other significant Si and Mg bond absorptions;

§. Loss of hyperfine splitting and intensity in the ESR spectrum
attributed to coordination changes in the brucite layer.

Changes in surface chemistry accompany the reduction in crystallinity,
The ability to reduce DPPH to the hydrazine and to physisorb DPPH is
lowered with milled fiber, and these are probably both surface, stereo-
chemically controlled phenomena. Hemolytic potency, often considered a
surface-related event, is also markedly decreased in proportion to milling
time. This is not related to exposure to the silica layer, in that neither
hemolytic potency nor antagonism by PVPNO is increased with milling
time; instead, they are reduced. The diminished surface activity of
chrysotile suggests a surface structure with a distorted proton and/or
magnesium ion orientation. Membrane activity in cells (both erythrocyte
and macrophage) is reduced, and this interaction may be the initial
biological response. After phagocytosis, a fibrotic and cytotoxic response
may follow slow degradation of the chrysotile intracellularly, exposing the
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silica surface, which stimulates collagen formation. Therefore a reduced
response, or a longer time needed to produce a response, is expected for
milled fiber compared with unmilled fiber. Indeed, this has been observed
(Reeves et al., 1974; Pott et al., 1972; Klosterkotter, 1968; Hilscher et al.,
1970). This theory intimates, furthermore, that there would be a faster
fibrotic response to silica exposure than to chrysotile exposure, and
. eptdemnologic evidence "Supports this theory; there is, for example, no
acut)e asbestosis” to mimic acute or accelerated silicosis (Ziskind et al.,

1976).

Theoretical and experimental consideration has been given to inter-
ference of asbestos with cellular oxidation-reduction (redox) equilibrium
processes, the experimental evidence concerning oxygen consumption in
relation to both minerai-treated macrophages and fibrotic response in
animals (Bey and Harington, 1971; Robock and Kiosterkotter, 1971;
Chvapil and Peng, 1975). Flowers (1975) has noted the critical role of
Fe?* & Fe?* equilibria in determining fragile cellular energy dynamics and
enzymatic transformations. Participation of chrysotile asbestos in redox
activity in biological systems may be predicted from chemical and physical
‘data: the ESR spectrum and the luminescence spectrum of chrysotile; the
-reduction potential for TTC (Robock and Klosterkdtter, 1971) and DPPH; :
and the oxidation potential for other organics (M. Wolff, unpublished I S&
data). Whether these properties are related to fibrosis or carcinogenesis is

. purely speculatlve but Allison (1973) has noted that *“‘crocidolite, the blue
colour of which is due to charge transfer, has little cytotoxicity. » indeed,
most minerals possess distinct ESR spectra as well (Robock and Kloster-
kdttér, 1971).

The hypothesis that particle shape is the major etiologic mechanism in
fibrotic or carcinogenic responses appears, in terms of these considerations,
to be somewhat oversimplified, except insofar as morphology reflects more
fundamenta! structural and surface physicochemical properties. Further,
comparison of biological potentials of fibers of different lengths should take
. into account alterations of chmctenstics of the fibers by the pre
: 'varying size fractions. o -
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UNION CARBIDE CORPORATION e 4625 ROYAL AVENUE « NIAGARA FALLS, N m\
. . " TELEPHONE: {716} 278-3378 : /-
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PRODUCT: Chrysotie Asbestos CHEMICAL FORMULA: Mg, (OH)Si,0,q
TRADE NAMES: “Calidria” Asbestos ’

WiCHenc saiety Laid <2§\,

BOILING POINT AND MELTING POINT: Not Pertinent’

SPECIFIC GRAVITY (H 0= 1): 245

VOLATILE CONTENT: Absorbed Water 1 — 4% By Weight. Structural Water Approximately 13% by Weight.

gl R 4TI wmm
T

Not Applicable.

ST NG ST LOSDI (AzATE (Y
e ~—a .-IIE-‘A'N'I P el 2 S D Tl W EORCE A

B R

fa on e o
e v L @PE -, LR A d TS
FERA. - 1 & APt Bt

Material is not Combustible. No Fire or Explosion Hazard.
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INERT MATERIAL: No Decomposition or Polymerization Conditions.
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PERMISSIBLE EXPOSURE TO AIRBORNE CONCENTRATION: '

The current standard of the Occupational Safety and Health Act of 1970 contains the following exposure
fimits: r
*The 8-hour time-weighted average airborme concentration of asbestos fibers to which emplovees are exposed
shall not excesd 5 fibers per milliliter greater than S microns in length, as determined by the membrane filter
method at 400-450X magnification (4 millimeter objective) phase contrast illumination, No employee shall be
axposed at any time to airborne concentrations of asbestos fibars in excess of 10 fibers per milliliter, longer

than § microns.” (Federal Register — Vol. 37, June 7, 1972, page 11320). d

EFFECTS OF OVER EXPOSURE: Prolonged over exposure msy resultiniungdamags. - <

EMERGENCY AND FIRST AID PROCEDURES: Not applicable. Material has no scute toxicity. o
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STEPS TO BE TAKEN IF MATERIAL 1S RELEASED OR SPILLED: Avoid inhalation of dust. Remove
spilled material by vacuum clesner or-by-water-wash. '

=

WASTE DISPOSAL METHOD:

1t reasonably foreseeable handling will not produce airborne concentrations in excess of exposure limits, i
) no special procedures are required. When limits are likely to be exceeded, waste and scrap shall be collected - -
- ;] ano disposed of in impermeable sealed bags or other closed, impermeable containers, suitably labelied.

£/
g 7}{ . Union Carbide Corporation assumes no responsibility and makes no warranty, expressed or implied, repre-
/O};g}/”"““”. promise, or statement as to completeness, accuracy, of currency of any data provided.




