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Exposed Individuals From East Texas
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Background The porential far asbestos exposure among members of the general papulanan
is appreciable, considering its mdz:pr_md use in many produces. Th:.r seudy examined risrue
burden of asbestos in such a pogulation.

Methods A group of 33 individuals. who hed no work history of eccuparional expasure 1o
asbestos were included in the stedy. Tissue sections from areas adjacens 1o those sites sampled
Jor digestion were found ro be withaut ferrugmou: bodies (FB) or hx’.rropurbolag\ consistent
‘with asbestos-induced changes. All individuals had 20 or less FBs per gram of digested wee
lung, a number considered to reflect general popularion levels, Tissue analvsis of uncoated
fiber burden was carried our by analvtical electron microscopy. There was a trynd of a kigher
likelihood of FB und usbestos fiber corvent correlated with.age.

Results The duce are nor consistent with the findings thas chrysosile is readily found in g
tissue from the general pupulutiost. in thas none wasfound in |9 of the cases. It was almast as
likely thet one would jind anthophyilice {12 of 33 coses) in this srudv. The commercial
amphiboles (amasite and crocidelite) wers occasionally found in the tissua from the generai
pupularion ard. when obsarvad. were few in numbers. Twansy-six of the paticnss had no FBs
and ten had no uncoated asbestos fibers within the limits of detecrabilie in thix stdy.
Conclusions The raral rissue burden of asbesras in this sudyv is much less than earlier
reported obswrcativns from other guneral populations. Am. I. Ind. Med. 13:231-285.

EXHIBIT
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INTRODUCTION

The potental for nsbestos exposure in our society
includes both eccupational and environmental contact. Esd-
mares of probebic mxposure o asbesws {n 2 wide range of
Job tides can vary from possible to likely {Hammar and
Dodson, 1994]. Some professions would mote readily be
expested o have contact With asbestos-conmining materials
(ACM) while carrying our their jobs. Many, including
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building occupants, are potentially exposed to asbastos as a
background component in theie daily work environment
Therefore. 1 work history may often aot include exposures
that were not remembered or recognized at the tdme they
occurred. '
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A retrospective assessment of past exgosure can be .

achieved by tssue analysis. Tissue analysis refleces thag part
of the asbestos burden thax has not been cleared by the dme
the sample is collectad, and applying such techuiques has
offered insighe as o past exposures oftea within occupation-
ally exposed cohorts [Hammar and Dodsan, 1994]. Ferrugi-
nous coatings form on a popularion of asbesios fibers thatars
greater than 8 pm and. when seen In dssue sections in
combination with fibrosis. are impoctant in establishing the
diapnosis of asbestosis [Crmghud et a.l 1982; Churg,
1989]. o

The use of tissus sections as a scresn for ferruginous
bodles (FBs) has inherently limited scosidvity due w the
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restrieted areas scasned. Thus, digesrion techniques permita
larger area to be sampled, yiclding an inherent increase in
sensidvity from datx obmined from tissue secuons (Whitwei
ecal, 1977]. . .

Tissue digestion smdies by Roggli et al. [1986] from
North Carolina and Dadsen e al. [1984] in 2 cobant from
East Texas and Houston indicated 1 general populadon
tssue burden of 0-20 FBs per gram weg weisht,

Complicating—the-intErpretazion of such.dam is the
coucern that, in some individuals, appreciable asbestos
bueden may exisc with few or no asbestos bodies being found
in tissue sections (Wamoek and Wolery, 1987] or the fact
that soree individuals with appreciable fiber burdea simply
do not readily cont the fibers (Dodsen e al.. 1985). An FB.
when detected. iadicates thar some level of past exposurs
has cccurred, and a portion of that exposure included longer
fibers (8 pun). While the increase in the number of ashesms
bodies indicates an increase in imensity -or duratios of
exposure. the lack of FBs as determined by light micrescopy
cannot be used to cxuupolats the number of uncoawd fbers
in the dssue. Light microscopy s of limited value in
counting such uncoamd fibers, since the majority arc wo
small o be visible ({Churg and Warnock. 1980: Dodson exal,
1990, 1994].

AS Srehra et al. {1999] noted. eleciron microscopy
analysis may be nesded w offer a-chatacterization of the
quality and quantity of mineral Rbers when asbestos body
counts are within the range of background values, Much of
the present dawm oa uncosted fiber burden has been from
cohorts with known past exposures tg asbestos in accupa-
tional or para-cceupational scttings. and a limited number of
these used coundng smethodologies, magnificadon. and
analyrical ansmission electron microscopy as necessary (o
see thin. as well as share (<5 um), uncoated fibecs.

In some of the more comprehensive studies on uncoated
fibee burden in the general populadons, Churg [1982] and
Churg and Warnock [1980] used analytical wansmission
¢lecron microscopy and counted uncoaed fibers = um in
lensth. Their {Churg and Wamock. 1980] conclusions were
that the average lung in the urban environment contined
mainly shorer fibers of chrysodle and nowcommercial
amphiboles. [n a subsequeac study {Churg, 1982] the maan
nurmber of asbestos Ghecy wos given as | X 108/gra dry lung,
with more than 30% of the fbers being chrysotile of less
thas § yom in fengeh.

In arder w add to the base of knowledge oa what types
and lovels of asbostos fibers we found in sgothor, morc
rural-based general populatdon, dssue fom 33 individuals
with no known cccupadonal exposues wore propusd for
light and clecuun micruscopy analysis. Siocc histories are
somedmes oot indicadve of exposures, dip critesia for
analysis was that gone of the individunls would bave more
than 20 FBs per gram wet welght as determined by light
mictoscopy and that no histopathology consisteat with

Aug-26-88 11:02am From~303 431 4802
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TABLE L. Age. Sex. Total Uncoated Asbestos Fbers and Fenuginaus
Buodies per Case for Nonaccupationally Emusa:l East Texans

Taiad ssbizatos Forruginos bodiey

CASE AgwiSem Flygmdry Fligmwet Fl/qmdry FB/gmest

1 12F o o o o
2 15 ] 0 ¢ )
3 FIY 0 0 0 0
4 1am a o a g

s 19M 0 g e ¢
8 oM 7 - v a )
7 ZiF 34,000 T 8400 a L1}
8. f2m 39.008 8308 qQ e
Y 2eF, 110.003 23000 8 8

10 258 92,000 18,000 o s

1 28/M a a o 0

12 e 42000 8,200 g q

13 28 160.000 17,900 o 8

18 woF | szgu sug 0 8

15 3o 190,000 7,000 ) 0

18 ™ 130,000 28,000 0 )

17 3am 32000 8400 ] 0

18 35 140,000 33000 as z

13 T g 0 o 8

i} kv /i 4 ] g )

ral asm 260,000 54.000 0 ]

z J8/M 250,000 §7.000 1M i)

pcd 4004 130,600 29.000 93 Fi}

e} 41 ) ] g 0

% 4uM 36.000 8.100 a 0

25 s §7.008 17.000 a5 )

77 T 42000 8.400 a 8

8 4aM 68.000 17000 ] a

3 SO/M 210,000 44800 o8 w

10 suM 140,000 7408 0 0

31 &8F 293,000 50.000 120 20

73 TUF 180,000 42000 & g

ke TF 78,000 17,000 g 20

asbestos-induced disease were present. The individuals were
from rural areas or from commuaitss in eastern Texas.

METHODS

Autopsy saropies from 33 patdents (Table I) who met the
criteria described below were selected for che swudy, These
individuals were from che eastemn pordon of Texas. an area
which by definidon is nural in thae there are no commtnities
of 230,000 or greater populadons. However, the cides fa the
region do have considecable indusny, including those produe-
ing forcsuy products, foundsies, pegochemically celatad
industries, as well as varions owtier fypes of manufocusing
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facilities. Many of these industics have various asbestos
products ig use in their facilites. wich some having consider-
able potential for ics distrbance. As with most of the
couniry, hese is appreciable asbestos in place in schools,
public buildings, and homes, Thevefore. while the area may
be defined as riral, the gotential for contact with asbestos.
conwining materials is common.

The firse criterion used to classify these individuals as
part of the general popularion included an apparent lack of
job-related acdviries associated with oceupational exposure
to asbestas, Two blocks of dssue were sampled from the
areas of the lung. The first was embedded in parafia and
secrioned for histopatholagical screening. If FBs were found
in a secidon or changes were observed which could be
suggesdve of asbesms-induced discases, the patent was
excluded from the study, The second series of blocks were
used for digesdon *procedures (described below). To be
included i the smudy, the individuals also were confirmed
via the amalysis of the digests. o have ferruginous body
burdens of equal to or less than 20 FBs/gm wet weight,

The lung tissue was prepared for light and elecoon
microscopy using Williams™ modified bleach digestion pro-
cadure {Williarns e al., (982]. Briefly, 12 sites were sampled
fom normal upper and fower left lung parenchyma and
pooled prior @ bleach digestion. The pools averaged
0.6391 = 0.2307 zm dry weight. Dry weights were calcu-
lated using wet/dry cutioy determined for each case. All
reagents were prefiered through 0.2 pm polycarbonate
filears just prior w use. Pooled aliquots were coilected on
0.22 ym mixed eellulose ester filters (25 mm dismeter) for
FB counts by light micrascopy and on 0.2 um polycarbonate
filtars (25 mum diameter) for FB and uncoated fiber counts by
electron microscopy. The mixed cellulose ester flters aver-
aged 0.0414 = 0.0046 gm dry weighs of tssue. One-fourth
of each filter was mads uansparent with acerone vapor and
apalyzed by light microscopy at 100x and 200x forestblish-
ing the levels of FBs in the tissua.

The polycurbonaie flters averaged 0.00827 = 000936
sm dry weighe of tissus. The entire surface of each Slter was
analyzed by light microscopy at 100% and 200x for FRs.
Carbon extraction replicas of each flter were made by the
direct method. An area of 1.14 mm® was analyzed by ATEM
at 16.000x for uncoated fibées and FBs. The mean detsetion
limits were 8.800 f/gm wes and 44,000 Ugm dxy. An
addironal ares of 5.5 mm* was examined at 1,600x for FBs.
A JEQL. 100CX ATEM iunterfaced to an EDAY NX-2 X-my
analyzer was used for the analyges. Salectad area electron
diffracrian (SAED) was used For further analysis of asbestos
fibers, Uncoated Bbers were defined as those 0.5 pm long
with aspect ragos =3:1. Reagent and Blwe blanks were
2nalyred as part of the quality coarrol procedure.

RESULTS

Seven of the individuals were found w have 20 FBs/gm
wer weight. No FBs were observed in the remaining 26
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individuals (Table 1). There was a higher likelihood of
Anding an FB in the older half of the swmdy population.
beginning at age 35. Four females were in is graup. twao of
whom (Cases 31 and 33) were found @ have 30 FBs/gm wet.
Five males i this group were also positive for FBs with
IYem wer There was 2 sigmificans posiive corrciation
barweern the FB and cotal unconted asbestos cotcengmtions
(£ < 0.01). Alsa. there was a positive correlation betwesa
age and toral uacoared asbestos conceamations (P < 0.01).
The highest concentwarions of unconted asbeswos fbers.
290,000 fibexrsfgm dry, oceutred in o G8-ver-old whice
female (Case 31) ond & I8-year-aldmale (Case 23) (Tible I).
However. the compasition of the asbestas buedex in these
mwadsﬂ'ezedg!md}hmm\ﬂmwhcmma
houscwife wus found o have predominantly nnmcpnylmc
fibers, with a fesser component of the busden bemv gEmo-
lire, No other asbestos types were found. In the male (Case
27}, the prevalent type of asbestos was chrysotle, with a
smaller component consisdng of an equal amounc of amosite
and acinolite.

The most commonly encountersd type of asbcsms
among the group was chrysotile, found in 14 of 33 caseg
(Table I Fig. 1). Chrysotile was found as the highest
concengation of the ashestos types n six cases. No chryso-
tile was found in 19 of the cases. Amasite was found in only
mmcfmcmﬁamwzsdmmdommmwvfnbcrm
oaly one¢ (Case 9).

The other amphibole commonly thought of as 2 commer-
cial component. crocidolite. was found in thees of the cases
and was oot the prevalent type of agbestos in any of these.
Tha secand most commonly encountared asbestos type was
anthophyllite (12 of 33 cases). Aathophvilite was the
predominant asbestos typs in saven of the cases and the only
asbastos found in three of them. Tremolitc was found in
cight of the eases. making it & more commonly encountered
asbestos than cither of the commercial amphibeles. Four of
the eases wers found w have accdnolice fbers; 10 of the 33
paticats had no asbesws bers derected,

The average concenuation of uncoated asbestos fAbers
for the 33 sumples was 84,000/gm dry, while that for the 23
patients that were positdve for fibers was {20.000/gm dry.
The asbestos concentrations were skewed as seen in Figure
2. which is typical of these dara. Most of the ashesros and
nonasbestos fibers were classified as short fibers (<5 pm)
(Tables 1L, IVAB). The only asbestos fibers thar met the
Stanron bypothesis criteria (lengdh =8 pm and diameter
<0.25 pm) were 5% of the anthophyllits fibers. Nans of the
nonasbestos fibers met the criteria (Table [VA).

The percentage of fibers that met the NIOSH countng
criteria for PCM are found in Table [VB, When the asbestos
fibers were considered as a group, 79% were less than 5 pm
in [ength compared to 95.1% of the nonasbestos fibers. Oaly
9.79% of the ashestos and 4.5% of the nonasbestos could have
been counted by NIOSH/PCM criteria (> 3um length).

To- Pags 13
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TABLE . Uncogted Fiber Oata per Case (Fibers/g Dry) for Nonoccugationally Expased East Texans

CASE Total asnestns Chrysatla Amusite Crocidalite Tramwolite  Actinelite AnTopnyiE Nomsoesns
1 ) 0 ] 9 0 0 a 97,900
2 0 a i} g ] g 3 400.000 -
1 0 o ] 0 e 0 a 340.000
4 g a ] ¢ Y@ o i} 230.000
] o 0 ] 0 [ e 9 $10.000
] 8 -8 ] 1 ] 0 o 130,000
7 34.000 34,000 g ] ] ] 8 1,160,000
a 29.000 0 0 9 ] ] 1970 160,000
3 110000 35,000 T™.600 a 0 0" 5 110,000
18 92,000 - 45000 o 35,000 .0 g . 8 320,000
] ] g g 0 ] 8 g 740,000
2 42,000 41,000 0 g : e ;0 1,880,000
13 T 10B.000 1,000 o ] 51,000 ] ] s80.000
14 42000 o a ] 42,000 ) -0 478,000
15 _ .. 1o0000 ] ] o 48.000 a 140,900 930,000
18 130,000 L 43.000 e e 43,000 43500 470,000
17 32.000 32,000 o o .0 0 . a 7000
18 140,000 71,060 g g g ] juoon- 210000
it o [ a g. a 1 a 490,000
20 [ 0 0 g e o [ 430,000
i \ 350,000 130.000 g ] 44.G00 44,000 200 1,630,000
2 260,000 710,008 42000 0 g 42,000 R 1,380,000
= 130.600 5,000 o g ‘e 45,000 45200 1,530,008
2 a 0 ] o q N ¢ - 70000
5 38,000 g ] 0 -0 9 B 760,008
26 97,000 43,000 o 0 432400 ] 3 1,170,500
27 42800 a 0 g, a 4 ] 130,000
28 68,000 34,000 o g 8 a 32000 1.300.000
29 210,000 88,000 8 g e g9 130.000 2,430,000
0 140.000 23,000 Q9 48000 a Q 1] 3.670.000
3 220,060 [ a a 47,000 1] 198.000 1.070.000
32 ‘180,000 [} 8 26.600 36,000 1] 110.000 1.530.000
kX 74000 g a o 75,000 o 2 30.000
Avy. all 63 46,000 25,000 4.700 3,900 13,000 5.300 28,500 £30.000
fvg. " 3 120,000 68.000 §2.000 43.000 54,000 43,000 77.008 850,000

The highest toml of uncoated asbestos fibers found in
the group was 390,000 fibers/om dry weight (Cases 22 and
31). Three of tha four heaviest burdens of uncoated fibers

were in individuals in whorm at least one FB had been found |

{Cases 27, 29, and 31). However, the thind highest level of
uncoated ashestos fibers was found in an individual in whom
no ¥Bs were detected (Case 21).
The nonasbesios Sbers consisted of 39.3% aluminum
silicates, 31.5% mmixed silicates, 6.9% magnesium silficates,
. 3.6% silica, 10% ticanium, and 6.7% iron.

 DISCUSSION

The work of Churg and Wanock [1980] suggested
substantal amouncs of asbesws, mainly chrysodle and

Racaived Aug~26-88 11:02am From=-303 431 4502

noncummercial amphibales, in the average lung in an urbon
environment. In the same soudy, the asbestos body contant
for 21 subjects was reparued 1o be from 2 ta 94 per gm of wet
lung. The FB data in the presenc smdy are more consistent

- with the previcus levels encountered in our laboratory for

general populadons and the levals reported by Roggli etal. -
11986}

Churg and Wamnack [1980] alsa. reported that 80% of
the uncoated asbestas fbers in chis general population group
were chrysorile and 90% of the chrysetle were <5 pm in
length. In the present coliort, 359 of the uncoated asbesos
fibers were chrysatile and 86% were <S5 pm. Seventy-nine
percent of all asbestos fibers were <5 ym. The study further
concluded thar 95% of the amphiboles were noncammercial

To= Page 14
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FIGURE 1. Percer distriumon of S3BEsTS (ype @ lung amipies mom 33 East
Texans fat supanonally expused (b ashesms, 1936,

8-
i
%5+ )
|
i
1
s‘ l
) - S .__'_-__— B
840 L S T I 1T 1%
Range: Fibersig dry X 1,000
N;mn-r of Cazes )

FIGURE 2, Dismsnon oy total asbestos concentratian in 33 ast Texane, 1996,

types and that two-{hirds of all araphiboles were <S5 um in

Tlength, Eighty-three percént of the amphiboles in T present

study were nopcommercial types and 73% of these ware <5
km in length. The source of anthophyllits in the general
population from East Texas is presumed to ba from sxposurs
© products which conwmin the Abers as an associawed
component. For example. anthophyllite has been regortad as
coexisting with chrysodle [Kohyama et al, 1996] mle,
cordierita, and phisgopite. There are no nasumlly occusring
outcrops conmining anthophyllite in eastern Texas. Andio-
phyllite has been used in very {imited commareial applica-
tions worldwide {Selikoff and Lee, 1978], with one plant in
the Nomheast using the material as 2 component {n the
manufacnire of plastic tanks. There was no indication of
contact by members ol this study group with such commer-
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TABLE L Fber Characteristics: Geomatric Means
for Nonoccupatlenaily Exposad East Texang
Lengifh Wi Aspast
Fiber type {perm} fpaum} e
Cwysoule 1.61 000 3.3
Amosite 1.60 [:RLS 11.70
Crogidalts 211 017 1273
Tremalie 240 g8 11
Actinaia 1.50 g2e 811 -
Armaghyliity .97 - 02% 12.09
ARl nonastenios 137 - ais 8143
TARLS V(A). Fibers Atling the Staman Hypothesis®
for Nonoccupationally Exposed East Texans
Fher type Pm
Cleysadie : pX
Amocite g4
Crocidotite . . a8
Teemuolite ag
Actingittes (1]
Anthophytiita 50
Al oomesbestos 0.0
“Longth >A.0 wm ang ammeter <028 pm,
TABLE IW(B). Fbers Meeling anG Countadia 3y NIGSH Criteria
for Nonoocupadanaiy Expoged East Texang .
Pegearmiga
getectatia
Percamtages by light
Fiber type >5 pm icrasEapy”
Quysatia 136 0.0
Amasits 250 258
Crecidotite 0.0 00
Tremaits 1.4 1.0
Selinglite ae
Anthepiylite o8 158
A8 manashacme 50 43

*>8 ia tngn NS 0,23 g dismates,

eial preduces. Wiile this smdy consisted of individuals from
lacger cides, the potential for exposurc to asbestes-
containing grodusi existed for these individuals. as widh
thase in the present study from sources at wark, schools, and

homaes. Furthermore. the method of analysis and counting

crizaria allow a comparison betrween these “general popula-
don™ groups. In contruse to o common preseace of chrysotle

e
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in mombeis of the generni population, less chan 50% of the
individuals in s swdy (14 individaals) bad dex:cmblc‘
leveis of chrysadle,

While there may cerminly be higher “backgzrouad™
levels in other general populstions than those presen in East
Texas, the area has no shorage of asbestos in indusoy,

private homes, schouls, and public buildings. {t should also-

be remembered thar chrysodle cleass mors roodily than
ampbibole and thus, over time, the luog-burden reproicats o
small facdon of inkaled chrysotle. Within the dewmemble
Limits of the present smudy is was, inface, oore kely that an
individual would be found to bave a “noncoemmercial”
emphibols (17 out of 33) than chrysotle (14 aut of 33).

fremolit= bas been linked to chrysodle exposure in’
;; Somi- serings, a3 discussed in a recoux mview [McoDonald
-~ and :McDonald, 1997]; however, thexs was od similar.

comrélation foand in tie present swdy. Elzhr (23%) of dic™33
patznts were positive for wemblite - rﬁ?m.!y three of these

nad Ehrysoule Gbers. The small percentage with wemolte in .
duls more rurx popnlarion conmasts with dara from e sudy

of Srebro and Roggli (1994] in which tis asbestos type way

considered “nearly ubiquitous and represents the most

common amphibole fiber in the lungs of arzanites,” “Ttis.noc

possible.in either study w define the source of the remolite.

but {t should be appreciated hat chrysotile is nat the only
{ mineral In which wemolite may be present.

The coramescial amphiboles were the least likely form
of asbesms (o be cocountered. Three of the patens had
amosite fibers. which in the heaviest concentration was
70,000 fibers/gm dry weight. None of these individuals were
from e Tyler area, which had bean che site of an amosite
manufacmiring facility berween 1954 and 1972, Twensy-five
percent of the amosite Hbers were >3um in leagth (Table
[VB). Three of the patients had crocidolite fibers, with
similar concanwations in the range of 36.000 w <46.000/gm
dry. When crocidolite fibers were found. they were <S5 um

- long.

CONCLUSIONS

The conclusions from this sudy are that there were few

FBs found in noncccupationally exposed members of the’

general gopularion from East Texas, in that none wers
observed in 26 of 33 samples. The uncoated tssus burden of
ashestos in this group was found (o towl from @ 1w 290,000
fibers/gm dry weight, Chrysoule and noncommercial am-
phiboles maks up the predominon: cocoated fiber types
encountered, with comsmercial amphiboles being found in
few patients and, when present. in umbers of less dian
70,000 fbers/gm dry weight.

In the present scudy, ten individuals within the Hmis of
applicable detectability were nor found o have either

s
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GA. 1988, Asbestos content iu lungs of ootupasd

asbestos bodies o¢ aghestag fibers. The overll tissue burdens

Tended o be highes in the oldar individuals in the study.
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