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SUMMARY AND EVALUATLON 
/ 

. Subject: Discussion of the evidence indicating the prescuce of low leve 

asbestos contamination of urban air, Of interest and importance, 

Lvaluation: While much of the material presented here may have ®een vew to 
the audicnce, the paper must be considered primarily a review of tevial 
Qmusly published ov presented. One specific nugpet of new ln:rmtion 
is'#ncluded. UTages 7 & 8 give the first written information on the results 
‘ofair sampling in New York City, reporting actual counts of chrysotile 
fth made at various points in the city. "While amounts €3 ranging 
£ approximately 10 to 100 x 107 grams per cubic meter of sampled air 
may appear to be exceedingly small quantitics of asbestos, it is well to 
recall that chrysotile asbestos casily fragments into ultimate fibrils 

| & 300 to 400 angstroms in diameter and often 2000 angstroms or smaller in 
length, Thus, 10" 7grams of chrysotile asbestos could rcpresent a million 

} fibrils" (An angstrom = onc ten thousandth of micron or one hundred 
| millionth of a centimeter.) Tables IV-VI in the appendix, give readings 
‘ from New York City and other locations. 

On page 5 the author speculates on the significance of minute 
| "fibrils" as distinct from "fibers" of asbestos, but presents no con- 

clusions in terms of human health, On page 8 he points out that "it is 
hardly proper to speak of 'ashestos air pollution' in general terms. 
There are different scts of circumstances in whiich such pollutiur can 
occur, varying in intensity, intimacy aund duration of exposure." 

The overall effect of the paper, if followed closely, is :.at 
of an extremcly complex and uncertain picture, Since the data are 0. 
organized with either summary or conclusions, the final sentence of tie 
paper may sum up the intentions of the author: 'Our experiences sui et 
that much cducation on appropriate methods for containing asbestos io 
commercial use will be nccessary; here, the asbestos industry has both 
important responsibility and opportunity." 

Authovs: Selikoff, I. J., Nicholson, W. J. and Langer, A. M. 
— e e 

Unpublistied: Presented at the American lledical Association Air Pollution 

Confercnce, MNew Orlears, La,, October 5, 1970. | 

Title: "Ashestos Air Pollution in Urban Arcas." 

S@emary: As given above. 
- 

L 
JOERY M UTII 0 Ao an am e 

) — 
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INTRODUCT TON | 

| | 

Farly in the 19605, the problem of asbestos disense was dissceminated from 
the occupational area into the general environment, Three germinal obscervations 
were responsible for this, 

among 6,312 residents of a rural county in Finland.! 7his come very much as a . 
surprise, since the type of caleification observed had previously been described 
primarily in asbestos workers,? usually more than 20 or 30 years after starting 
work;d yet the cases were nol mamong usbeostos workers, but among farmers and 

First, Kiviluoto reported finding 499 cases of parictal pleural caleification 

farmers' wives. The asbestos link was, however, lhere - the county did have an 
asbestos mine. The W‘wpnsium\ was that asbestos air pollution f . 
mine was respons ) mupnon that was strengthened when the s pe ‘ 
of asbestos produced by ine (amthpohyllite) was found in the a Km 
away,? and asbestos bodies were demonstrated in the lungs of cattle grazing 
the nearby fields.! ’ 

The same year (1960) saw a second worrisome communication, Wagnerd reported 
47 cases of pleural wesothelioma in a part of South Africa important for asbestos 
mining. [le uncarthed potentinl asbestos contact for most of the paticnts two or 
nore decades before, in many instances merely the result of living in the general 
arca or by chance contact in a fomily setting. While pleural mesothelioma had 
pieviously been attributed to afiestos exposure,s the strength of this associntion 
had not been appreciated. More pertinent, wos the demonstration that it could 
result from other than occupational exposure, 

Amplification was soon added. Nowhouse? studied all mesotheliomas at the 
London Hospital. She confirmed the close association with asbestos, 31 of the 
76 cases having had occupwl exposure. She also confiricod the importance of 
non=occupntionnl contaeds0f the 45 who had not worked with thcw- ' 
had lived in the heuscholds of asbestos workers and 11 had U\ra—,dccn_‘el bhefore, 
within onc-half mile of an asbestos plant! Lieben ond Pistawka reported s{gor 

\ findings in Pennsylvonia., 

\ 

What oppeared to be a strong link in the chain of evidence for environmental 
ashestos disease was the report in 1963 by Thomson? that asbestos bodies were 
comaonly to he found in the lungs of people in the general population of Crhpetosm, 
e exprossed o drop of lung tissoe fluid onto a slide, ns if preparing a smear 
for malaria cxamination, examined it by optical microscopy, and in one-quarter 

of 500 consccutive autopeics, found stractures appoarently identical with those 
seen an ashestos vorkers' lungs, Put these were not asbestos workers = they had 
been ordinary citizens of this large city. Thomson ewmcluded that they hnd inhaled 

Preosented by 1.0, Selikoff, M.D,, at the AMA's Atr Pollution Mcdical Rescarch 
Conference on October 6, 1970, {n New Orleans, boetor Sclikoeff is Professor of 
Medicine ad Professor of Commmity Medieine, Moun' Sinal School of Medicine of 
the City University of New Vork aud Dircctor of knvivonmental Sclcaces Laboratory | 
Mount Sinai School of i 
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] 
asbestos in the course of their urban Living, from the many asbestos products 
about them. With knowledge of whot exposure fo these fibers could do under ine- dustrial circumsthd. and with Wagner's observations as exanple, he suppesd Pwere now faced with a “modera urban fiM« 
predicted that asbestoszassociated nooplasms woulderival %% concer in the future. - = 2 

It should be noted right of f that Thomson's prediction is an extrapolation, It is a wide step from occupational exposure, with large numbers of asbeslos 
bodies, 1o commmity contamination, with as a rule far fewer hodies, particularly with little knowledge of a dose-discase response relationship. Too, the particles 
desieribed had the appenrance of Lthose scen in aubestos workers, but some uncor- 
tainty existed that these necessarily had an asbestos core,l0 especinlly since 
it had been known for 30 years that such bodies could be found after exposure to other fibers as well,ll 

Despite these caveats, the three reports, taken together, posed a problem 
that is now very much with us, Ocecupational asbestos exposure may be associated 
with serious risk; for cxomple, among asbestos insulation workers in the Noew 
York metropolitan area at this time, approximately one in 5 deaths is due to 
lung cancer, one in ten is dwe to mesothilioma, one in ten to gastro~intesti cancer and one in ton“toTM®Bestosis and cor pulmonale,l2-14 These men : 
exposed to amounts w surely greater thaon those in the 
ally, and we would not exp their risk to be duplicated in the general popu 
tion. But is part of their risk disseminated, with the dusts from their work? ¥hat sort of dose-response curve are we dealing with? Is there a threshold which 
once crossed leads Lo serious ncoplasia hazard? An hypothesis could be formu- 
lated that such a threshold includes very little ashestos (since small anounts 
may still reflect billions of fibers and/or fibrils), that ashestos workcrs pass 
it early in their carcers. 

Such an hypothesis, or variations on it, would fit clinical observatiuns 
made in the last several years. Necoplasms - lung cancer as well as pleural 
and peritoneal mesothelioma - occur in excess cven gmong asbestos workers with little or no radiological evidence of asbestosis, It is now apparent that exposures Insufficient to cause asbestosis may still produce neoplasia. The spread of this 
Scparation is not cstablished, but is recognized by recent appreciation that 
while lower dust levels in industry may prevent much asbestosis, such levels will not necessarily prevent cpmecy,! It 15 not now known how low a threshold nust be 1o prevent asbestos-associated neoplasms, if such a threshold THACEA EIsts . 

=N 

ASBESTOS IN LUNGS 

It thus became important to know whether ashestos truly was a common con= 
taminant of urban dwellers' lung. The demonstration that "ashestos bodies” were 
1o be regularly found at autopsy in many citics of the worldl6 confirmed Thonson's finding, but did not settle the question. There remained the nagging doubt that 
the cores were nceessarily asbestos, an insecurity perpetuated by the technienl difficultics involved in analyzing such cores, 

In recent montha, the impasse has been resolved by avoiding the detour of 
asbestos bodies, with the divect scareh for asbestos fibers and fibrils,® In~ 
vestigation of 2,000 conseeative autopsfes in New York had shown that asbestos 
bodies were common; optical micrescopic examination of 175u x lem? of lung tissue 
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S A 
in ‘cach of these cascs showed ashestos bodies in 1,449 (48.,3%) (Table 1), It is 

likely that, kad a greater v of tissuc been subnltlcd for study, asbestos . ‘ 
bodics would have be n a1l the cascs, except perhaps ""’}..{LM — | 
very young childrqq{ 

The same cxamination s that, in addition to coated pnrucloa E!Ensjm‘ 3 
bodies"), uncoated inorganic fibers were also rendily scen., Fibers thicker than 
1.0u were almost universally to be found; most of these are as yet still unidenti- 
fied although some were diatom (ragments, glass fibers or phytoliths., We were ‘ 
morce concevned, however, with thinner fibers = less than 1,.0u in diameter - since 
these would be more consistent with chrysotile, the ashestos variety making up 
95% of the asbestos used in the United States. Such thin fibers were also comnon- 
ly present, being found in 1,038 of the 3,000 cases, and tending to vary with the 
number of asbestos bodies (Table 2), 

The critical information was obtained by examining, in 28 of the 3,000 cascs 
a very small portion of lung (conservatively estimated af 1075) by a technique 
which allowed qualitative nnnlye:ls,l-’ wilh the apprecination that the unique 
morphology of chrysotile allows its specific identification by high magnification 
electron microscopy. e 

—— 

Chrysotile i fibrils were found in every specimc 1,2). 
In 4 of the 28, backgroun temination could conceivably have been re ] 
for the findings. In 24 of the 28, the number found was greater than backgroun 
counts could explain (Table 3). The morphological appearance and other charact- 

eristics of these fibers and fibrils and recorded elscewhere, 

It is cvident that chrysotile asbestos is a common contaminant of the lungs 
of New York City residents at this time. Similar clectron microscopic obscrvations 

have been recorded in I,c;mlon,2 where not only was chrysotile asbeslos found in 
almost 80 percent of cases, but it was noted to be the most common and most abun- 
dant of all fibers detected. 

The question inherent in Thomson's observations in 1963 "1s chrysotile as~ 
bestos commonly found in the lungs of urban dwellers at this time?” has now been 
answered, ‘Yes, unequivocally." 

RELATION OF ASBESTOS LUNG BURDEN — . aan 
TO BNVLLO: ENTAL ASBEST05 DISEASE R—— 

= 
There are few data at this time that would allow judgement of the significance 

of the asbestos we have found in lung tissue of urban residents. Vhether or not 
the amounts present as the result of other than occupational exposure are associated 
with frequent risk of discase is not known. In part, this is a reflection of the 

paucity of data concerning the asbestos content of lungs in gencral, inéluding 
those of ashestos workers. Such data as are available sugpest that the amount in 
lTunps of the latter is quite small, ranging from 0.6 to 0.001 percent of lung 
welght . #1.,22 10 would be espected to be even lower in those not occupationally 
exposed ., 

No information is at hand concerning the ashestos content of the lungs namnc 
¥agner's cases, or Newhouse's or those of other cases with environmental discase, 23,24 
Nor is theve quontitative information concerning the asbestos content of the lung 
in individuals in the general population without asbestos stigmnata, This is rather 

urgently needed, with oge, sex, residence and occupational exposurce taken into '] 
nccount , ,vw -~ 
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. 

Studice now in progress in our Laboratory and elsewherce?? indicate thnt } 
suitable quantitative o8 for cstimating asbestos lung content will be 

¥ . feasible and thot rate estimates = approximating an order 
: tude - are to be Wt‘:\e TUEUNC s o o s T 

ASBESTOS AR POLIUTION ‘ 

It is probably an entirvely justiffed concept that the asbestos found in 
urban dwellers' lung is derived from the inhalation of air contaminated with | 
these Tibers, Very little is known, however, of the conditions of such contmn= 
ination and facile assumptions should be avoided at this time. | 

Previous Epidemiolotic Observations 

An oxaaple of where an "obvious' explanation might alse be inaceurate may \ 
be found in the assumptions adopted to explain Kiviluoto's observations, It 

s gecied natural to cxpect that the demonstrable anthophyllite asbestos atr pollu- 
tion from the mine and mill was ctiologically related to the equally demonstrable | 
asbestotic pleural calei on in the population living about that point s e . 
It turns out, hovever 21 :fhla may not be the entire explanation, ond ' - 
timate contact with 1oc stos bearing rocks including thwrufl-fi‘lng \ 

like wmight also play a role.26 » \ houscs, saunas, barns and t 

Indeed, the latter association better explains almost identical epidemio- 
logical findings in Bulgaria, where, again, pleural caleification was found in | 
a rural populaticn, In this district, too, an ashestos mine was being worked but | 

| it was an undergroumd mine and had opened only in 1943, too recently for its dis- 
charges to eonlidently be expected to have had the effect noted (the lapscd period 
betweer initial exposure and evidence of pleural c¢aleificution is 20, 30, 40 or | 
more yrars). As in Pinland, the loeal ficld roeks have a high asbestos content 
and are uscd for various struclures by the famming population, which then may hove 
intimate contacl with what is shed from them., More important, perhaps, the €oils 
tilled by these farmers can be demonstrated to have asbestos fiber (anthophyllito) 
content. The importance of this observation was cmphasized by the discovery that 
those feywers working plots without asbestos soil contsmination had little plcoural 
caleification, vherens formers working soil wilh anthophyllite veadily showved the 
radiological ch‘ngnr-.“"s W’fia’y be that similar explanations will become available ‘ 

- for the finding of cmltmlc phurnl caleification in some rural ncut—offrvchn- 
slovakja. 29,30 : _-—\ 
Technical Factors ‘ 

o 

At first glance, it scoms somewhat surprising that so few data are avail- 
able concerning Lhe asbestos content of ambient air, especially since so much s 

| known vepardine the achestos content of air within the work place, DPerhaps (he 
best explanalion b5 that ence Lhe faclory gates are passed, s vhole new sot of 

| tochnical probiceas is cnecountered and saapling proccdures, analyticoal approaches 
and mensuring methods useful for industrinl controls are no longer applicable. 

Fiber ldent i ention 

Under industrial circums{ances, there {s usually no problem in knowing ex- 
q actly vhat 15 heing neasured, cince the materials being used are cither woll 

charactorized ov con be readily snalyzed, Thus, whatever {flbers are scen con be 
confidently labelled as " solile,” "erocidolite”, "amosite”, "fibrous plars” LITN .~——--va - | 

o T . R - - 

- Ay v TM 
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v M these same Fibers wore to bhe Seame dneoa randon sample, espeelally §f they are small, our confidence disappears. All that con be said is that inor- ponice fibers an-‘hm, If these fihors wore found in ver 4 numhoers, ident i be readily accomplivhed by such W‘ nGs xevay diffra . when they oeccur ammva-m.flw 3 all numbers, e w:.« tonger applicable and readily a M ) nate approachoes such as pol zod Light microscopy, hardly have the same def - tive assurance, Whileo £t is true that analytical attack on single fibers is still possible, these approaschos Gineluding eleetron mieroprobe analyses, cleetyon diffraction and clectyron mievoscopy) are time consuming and often restricted by the size of the partiele available for analyses. (Sece below). Our own experi~- ence supgests that yotieonce jg usually warranted when identifying single small fibers in ambient ajr samples, unless oxtended techniques are used, 

Particles and Iibors 

There has long been an anomnly in particle counting for asbestos threshold levels, In the Unijtoed States, a threshold level was proposed in 1938 for occu- pationnl CXposure Lo asbestos, hased upon expericnces necessarily limited to that point.®! The reconmendation reflected the instrumental restrictions of the times and were based upon e@mting of "particles" by optiecal microscopy, was recognized that S particles could cither be fibrous or non-fib that the proport rfiw;’ widely according to the materia . studied, ete, Since the prCsumption is that only the fibers are responsible for the biological effect, such analytical dilution is hardly acceptable at this time and current approaches to industrial threshold limit values are based entire- ly on fider count. pBut oven here, the matter is not so ensily disposcd of |, since the admixture of pavticles and fihers often includes surface interactions among them, Figures 3 and 4 show partieles of eclay and a diatom collected near a con= struction site during sanpling by our Laboratory, By Light microscopy these would be eategorized as “partieles,” Yet by clectron microscopy it was found that numcrous fihers (ribrits) were attached to the surfece of the particles (opposite surface charges!), In such circumstances, any biological effect of the fibers could be incorreetly attributed to the particles. The question of size and magnification are eritical. 

Fiber=fihril 
C——————— 

Each asbostas fibervaricty is quite different chemically, physically, structurally and mprphologically, 2 Chrysotile seems unique in ils tendency to physical instability und® o nunber of eircumstances. The chrylotut“nu*u not a unit whglv but is rather coaposed of a large number of individual fibLr 5, each frem YOOA=100A (Figure 5), These unit fibrils cannot be Scen with the optical microccope, The intaet chrysotile fiber con bo scen, Under industrial civeun- Stances, this dichutony i8 understood . Tt 18 recopnized that when a population of Iihers fs counted, “invisible” fibrils are slso prosent, 33 VUL (hat the opti- cally vitible fibers retleet, in varying proportions undey different clreumstances, the total chrysotile population, even though there be but one fiber for a very Large number of fibrils, Also, with proximity to the industrial source, many fibers ave st111 present, not having been subjected to influences which could result in their separation fnto fibrils, 

In the ambient air, hovever, very little is known about the proportion of fibers to fibrils, ‘The matter is of some importanes, sinece not only must number be eategorizod as fipey and £ibril, but the surface area and potential biologieal effect might be quite different with the same total chrysotile mass, with different percentage nbrllluWo again, we retura to the problem of ultrntcmpopsc 
- —— 
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fiive, tineo the M fibers to fibreils cannot be .w‘m-.,w‘m : 
- e ———— electron mieyoseopy ., - - e A ———— 

R{. - ——- 

§izo : ) l“ 
1t may b seen from the forcpoing that a eritienl factor in studying asbestos 

air pollution js the utiljzation of teehniques which will measure very small 
particles, 10 18 unlikely that approaches which do nol inelude the electron 
microscope will he elffective, Indecd, one micght add that high maenification 
clectron microscopy will be necded, ineluding magnifientions of at least 20,000% 
(direet) and probably over 30,000%. ¥hile optical microscopy may be suitable as 
a guide for occupational asbestos exposure, it has insurmountable inadequacics 
in studying asbestos pollution of the ambient air. 

In addition to the fine diameter of the fibrils, it has been our expericnce 
that many of thew are quile short, as well, We have observed chrysotile fibrils 

! with lengths less than 1000A in many instances; vhen these are eameshed in somp- 
1ing debris, not mflyinluabmmmincmtm1MommmnMcnwcmwlmmmmwy,mu 
visual scanning mnny bewswedogualc, and inferior to photographic rccorrlw 

It may be worth nnt!ngfl, bhnt such small porticles arc at prescnt sub‘lécgaa. 
identification by their morphological characteristics only; structurnl and mie- 
rochemical analysis by eleclron microprobe or electron diffroction study has 
many difficulties, It may be heped that instrumental advances will rewedy ths 
eftuation (sreatly improved microprobe definition can be aticipated, for ex- 
ample). Turkevich's "VWorld of Fine particles"? is surely with us! 

Qrontitation 

Under industriaol circumstances, again, there is little difficulty in cs- 
timating the quantity of ashestos in a given somple of air., From this, the sur- 
face area of the fibers can be estimated or dircctly measured by nitrogen absorp- 
tion or other teehniques, 1t is even possible to conceive of gravimetric methods, 
rather than the more laborious counting of fibers, Quantitation is much more 
difficult in ambient air samples and, in our eaperience, only approximations can 
presently be obtained, o7 

‘J Current Approaches to Arbestos Ajr Sompling " ——— 
With the foregoine factors in mind the nbscace of published information on 

asbestos levels in urban ambient air may be appreciated. Few air monitoring 
agencies have had available the technical equipnont for thie examination of ultra= | 
microscopie ashestos fibrils. Moreover, even those fibers seoen by optical micro= 
scopy in alr sanmplos vequired clauborate teehniques (such as electron diffraction 
or microprobe sualysis) for positive identification, 

Present approsches to quantitating ashestos levels in ambient atr, using 
ultranicroscopic teehaigues, have sought two objeetives, First, to obtain a 
measure of Lhe mass of ashestos per unit air volume at various locations in urban 
conters and Inter, (or comparison purposcs, in pore rural areas, This would 
provide a stable estimate, since fiber size distributjons change as sampling 18 
undortaken at different digstonces [rom ashestos cuisgion sourees, 1In such cir= 
cumstances, cqual numbers of fihers ean represent sipgnificontly different omounts, 
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by weight, of nsbuw'- it is not currently knovn how strongly | 
logical effrct i5 n Tiber size. This being so, a - 
or welght may be more conscrvative for U cstablishment of aix qud ciloeria 
and slandards, nrm effect of a sample dowinated by Large 
may be overestimated, 

Sccond, [iber size distribution 1s important. At the moment, to obtain 
such a distribution at cach sampled site is time consuming, and the prescnce of 
other materinl and cxisting transfer and sopling methods may distort the ob- 
served fiher distribution. However, experiences in current studies suggest 
that these problems can be overcome and that complete fiber size distributions 
will be obtained at selected sites in the near fulure, 

Sample Preparation 

In our studies, air samples were eollected on menbrane filters having an 
effective pore size of eilthey 0.8 or 1.2 microns, (Millipore AA or RA filtors 
were used). While this pore size is larger than the largest dimension of some 
asbestos [ibrils, it has been=found that the surface chorge properties W 
filter and the ashosTON=Ss well as the circuitous path through the fil ) allow virtually CMOCHOI‘I of all asbestos materigl T T— 

Both high volume samplers capable of drawing 40 cubic feet per minute 
through an 8" x 10" filter oand small battery operated personncl monitoring samp- 
lers with a capactiy of 2 liters per minute through 8 cm®, were found effective 
in sample colleetion, Peortions of each collocted somple were ashed in an act- 
ivated oxypen asher which oxidized the membrane filter and all orgonic or car- 
bonaccous material in the sample.d9 phe residue, consisting mostly of fly ash 
and mineral matter, was dispersed on a microscope slide by grinding in a solution 
of 1% nitrocellulose in amyl acetate for 2 to 5 minutes. Upon evaporation of the 
amyl acctate, the dispersal was sconned for uniformity by optical microscopy and 
a represcntative arca chosen for transfer to an electron microscope grid for 
scanning. 

buring this procedure, those chrysotile fiber bundles present are broken 
into their elementary fibril form, The grid so prepared of the dispersed chryso~ 
tile is scanned at 42,000% in an electron microscope. Typically, six grids are 
prepared of each sample and three 100 by 100 micron squares of cach grid scanned, 
The mass of ashestos is obtained by measuring the volume of asbestos per gri 
square and multiplying by the appropriate density. Figure 6 shows several isolated 
fibrils in an ambient air sample as €con by electron microscopy. Usually only 
single fibrils, if any, are observed in the microscopic field, 

However, as one saaples near sources of asbestos, more large fiber bundles 
are present in the initinl sample, As those are disperscd during cample pre- 
pavation, occasionally some gronps of fibrils remaln intact. Such a group is 
shovn in Fipgmre 7, The presence of those bundles, or even localized fibril 
clurps, pives rise to a variation bhotween samples preater than one would expect 
from stotistical considerations atone. However, the sconning of many grid 
squores serves to average their effect, 

Results of Tnitiaol Investigations 

Table 4 gives the ranges of values for ambicent air levels messured at various 
sites In New York City, 20 camples were taken ot sclected locations of the sanpling network d,.#uy’n Department of Air Resources. The sites weve 

blic dings distant from sny known sigificant source of 
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ashedston, While preliminary ture, the somples from Manhattan tended to 

be hipgher than Ll r boroughs, lLowest values were usuall 
sites mosi l“bl.llll hum densely populated husiness arcos (?ltnt!!r 

— s While mnouu(s mflpprmimatoly 10 to 100 x 10792 grams per 
meter of sampled aiy may appear to be exceedingly small quantitics of asbestos, 
it is well to recall that chrysotile asbestos ogsny frogments into ultimate 
fibrils 3008 to 1008 in disweter ond often 20008 or smallor in length, Thus, 
10-9 grams of chrysotile asbestos could represent n million fibrils, 

That Manhattan hns higher levels of asbestos that other boroughs is to be 
cxpected, as greater use of asbestos in building construction takes place in 
that Lorough, Imring the past 10 years it has been common practice to spray 
fireproofing material containing from 10 to 30% ashestos, onto girders, spondrels 
and decking of hipgh=rise office buildings. Often inadequate precautions were 
taken by contractors to contain the spray moterial and extensive “snowfalls" 
of asbestos containing material took place over wide spread arveas of Manhattan, 
This practice was of such obvious concern that the New York Citly Department of 
Ay Resources instituted stringent regulations controlling the procedure in 

36 " May, 1970, BRI iag : - - 4“. 
- 

Table 6 rcnorm on several days at various nth 
near buildings under construction, Data were obtained prior to the implenentation 
of New York City's repulations, Iuring the two days on which data were obtained 
sites 1 and 4 were downwind from a spray source, 8 and 5 were upwind from ony 

source, and 2 was 415° from one source and upwind from others. 

The data in New York are being supplemented by measurements in other urban 
and morce rural areas. [Initial deota ave shown in Table 6. The sampling locations 
in Philadelphia vere near sites where spraying was taking place but after the 
issuance of control regulations, 

These data are preliminary., They serve to establish that, at least in the 
areas sampled, there is a background of chrysotile contmmination of the ambjcnt 
air and that this is considerably higher nbout construction sites in urban arecas. 
Much more information will be required, however, before reliable estimates can 
be made concorning guantitative levels of such contamination, 

EPIDIN10LOGICAL, PERSPECTIVES e 

Environmentol Disense 

The occurrence of ashestos pollution of urbon air is now established, What 
has not beon defined, however, are the dimensions of discase which may be associs- 
ated with this pollution. Indecd, it is hardly proper to speak of ‘asbeston air 
pollution” in pgeneral terme, There are different sets of circumstances in which 
soeh pollution con ocenry, vavying in intensity, Intimacy and duration of exposure, 

For exmmple, the pollution vhich might exist about a shipyard or an asbestos mill 
can hardly be equated with that in the ambient air of an urbon community., [t 
would be well, ot least until muech more {8 known of the dose-~discase response 
relationship, to separate each type of asbestos air pollution, in the study of 
associntled disense, 
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= 24 it 
A problem coamon Lo all types of ashesitos aflil |nllulion is tho long lapsed 

period between onset w_ o aud appearunce of disease, In 
20, 30, 40 or more yecars ins as neoplasia is concerncd, There are vnrlnt 
of course, It may be that intensity of exposure is one such variable; others 
could include (iber variely, fiber size, competitive rick of asbestonisd? co-factors 
ns cligarctte smokinn,“ trace eloments, ond perhaps other concomitant air pollutants, 

Defined Populations 

It should be recognized that the different kinds of ssbestos air pollution 
are not limited to well separated compartments, Exposurce to mencral community 
ashestos air pollution may be overwhelmed by indircet occupational exposure, in 
the case of a conslruction workmon., Similarly, the asbestos inhaled by virtue 
of family contact in the houschold of an insulation worker could hardly be atiri- 
butied (o (he scant asbestos (ibrils in the air of a rural community in which 
that cmployce happened to live, 

Such permutations—mee common and may be misleading unless identified. _¥hen 
considering neighborfood=wir pollution about on asbestos plant (30 
since it would bo these people with whose fate we would now be concerned) 5 
well to remoember that, at least in the 1930s and 1940s, people who worked in a 
plant tended to live near it, 7Thus, the population about a plant being studied 
would have to be well characterized, to identify those with direct occupational 
cxposurce, before the effeets of ncighborhood contamination could be cvaluated, 
Other examples could be given. ‘The construclion industiry, for instance, cmploys 
over 4,000,000 men in the United States, They live in all areas, in all typces 
of communitics. Asbestos discase among them may not be entirely the result of 
asbestos air pollution in those communitics. Special circumstances have also 

oceurred, During World War 11, shipyard caployment rose rapidly in the United 
States, with close to 1,750,000 people engaged in ship building and repair at 
peak periods. ‘These people, or at least those still alive, are now reaching 30 
years from onsct of shipyard employment and such asbestos disease as they might 
have as a consequence of asbestos exposure during their shipyard working days, 
will now be secen., Yot few of them are still cmployed as shipyard workers, so 
that unless this previous employment history is extracted, current disease could 
be improperly attributed to asbestos air pollution of various other sorts. 

g 

Stigmata of Asbestos-Associatled Disease 

The matter is further complicated by consideration of what is mcant by 
discase caused by asbestos air pollution. Most of our current concepts are de- 
rived from the experiencos of ocecupationally cxposed workmen, While the sene 
kind of discase can be scen in people not occupationally cxposed, its atiribution 
1§ mueh more difficult, 1t is complicated, morcover, by Lhe necessity for sepa= 
rating those eof feets of asbestos which may be present but which do not actually 
constitute ill health, from those eoffects which should be categorized as discase, 

Pleural plaques and pleural calcifiecation, for example, arc often associated 
with no disability, cven when impressively extensive on roenlnvuuarnnl.‘na The 
same could bhe safd For the more deaonstration of asbestos fibers and asbestos 
bodies in Jung and for seattered avess of minimal fibrosis associated with the 
asbestos (ibers an the lung, 
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Neoplasia in oa differd tter. Here, there is considerable concern, - Those peoplasmns Mfmnd associated with occupational : 
expesure have aneluded bronchogenie eareinoma, pleural mosothe vma, perttoncal 
mesothel jona, G ki 101 _cancer, oro-;m‘hmmfif' ) neoplarms are also undur!Knimuon. but morc data are nceded before 
association ean be considered firmly established, 

There hos bheen the problem of fdentifying neoplasns associated with on- 
virommental aulieecton exposare apgainst the bockpground of random neoplasms of the 
same kind, not due to asbeston exposure. Lung cancer, for example, is highly 
associalod with ciparette smoking and the sdded influence of environmental ashestos 
exposure is nol easy to define, There is on advantage in studying mesotheliona, 
since evidence cuggests that, apart from asbestos cxposure, it has been a fairly 
unconmon discate, Yet even here more data are nceeded, It would be good to know, 
for example, cxactly what the incidence of mesothelioma has been in the past 70 
years, during deeades in which the neoplasm was often not considered by pathologists, 
Too, it wonld b useful to have information on the percentage of mesothelionn 

) vhich oceurs other than with asbestos exposure. With such refinements, we will 
be able to use mesothellomn as an accurate index of asbesios discase under various 
environmental conditions. 

o T 

— 
o —— 

Sources and Control T e 

Sources for asbestos air pollution can be looked at in two ways, First, 
they can be jdentified and measured without refercnce to exposed populations. 
Epidemiological attention may then be attracted to these "contamination Sources 
in search of discase.” Alternatively, sources for asbestos air pollution can 
be studicd in relation to their potential for exposure of human populations, 

Hoth approsches are hompered by inadequate information at this time of the 
relative significonee of peak exposures compared Lo constant background contam- 
ination. Mhere arve elinteal expericences which indieate that heavy exposure for 
briel periods (days, weeks, months), with retention of the inhaled fibers for 
the rest of the individual's lifetime, may carry scrious disease potential 98 
Therefore, intormittent high peak exposuves may carry an unucual risk, especinlly 
when added to the cumilative retention associated with background pollution over 
long periods of time, 

i Adequate information Js necded concorning the natural history of asbestos air 
) pollutyon, including persistence, variations with metcorological conditionsTMfind 

ultinate fate, Asbostos fibers, being mineral, may persist in tle environment 
for long periods. It {8 not known, however, 1f this is so, or to what extent 
attrition occurs by o variety of physical processes, We have found amosite 
ashestos fibhers in the settled dust and in the houschold alr, within honcs which 
had been oceupiod 156 years before by workmen of an nmosite factory., Similarly, 
bath settlod dact and ambiont air in o construetion workmon's home containcd 
chrysoldle fibers at levels heyomd those usually observed as background, Noighbor=- 
hood contaminatyon from [nelory sources may also be associated with loag pur= 
fistence of the mineral (ihevs, In preliminary stwdies, we have found this to 
be true of both superticial soil contamination and settled dust on attic rafters, 
in raeh neighborhoods, 1t s apparent that information concerning persistonce 
and fate of nsbestos air pollution would be fmportint, if only as a backpround 
to the cvaluntion of air tevels from current calssion sources, 
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Natural Sources of le Pollution . r,. 

1t is likely L » air contamination oeeurs from-natural sources, 
Serpentine rock outeropp :cuF in many parts of the United States : 
countries, Studies in our laboratories suggest that, on an ultramicroscopic 
level, serpentine very frequently contains some fibrous mineral components, 
which are properly classificd as chrysotile, In addition, some outcroppings 
contain fronk chrysotile veins, Such chrysotile-containing rocks are widely 
distributed, although not pecessarily in commereinl concentrations. It may 
be of interest to recollect that the original sources for chrysotile ashestos 
uscd by the company which later became the Johins-Manville Corporation, werce in 
small deposits on Staten Island, in New York City. 

Such surface deposits have long been known to geologists and are somctimes 
usced as a guide in their explorations, The tale is told of fortuitous forest 
fires initiated by lightning in the 1860's in Quebee, resulting in clearing of 
brush overgrowth, This uncovered surface chrysolile-bearing serpentine formations, 
leading to the discovery of the valuable Quebee chrysotile ficlds. 

- - 

Abrasion and @\g of such surface formations may be acW 
release of chrysotile fibers into the surrounding air, It is expe X 
this has occurred. Tt is not known, however, whether this adds a measurable 
burden to the ambient air, but it should be considered as one source in the 
cvaluation of ambient air Jevels, It is apparent that quantitative studics in 
this regard would be helpful; we are investignting the chrysotile content of 
ice core samples, accurately dated for many ycars past, in onc study. Other 
approaches would be uscful, and can be designed. 

Soil contamination has already been mentioned (see above) and epidemiological 
data have been collected indicating that human exposure from this source can pro- 
duce pleural chanpges,”"0 ¥ wider dirsemination from this source is also possible, 
and should be investigated. JParenthetically, ground waters coursing through 
ashestos=bearing rock formations may be expected to becone contaminated by random 
fibers, and woater from such sources could contain occasional fibers, without in- 
voking the necessity for asbestos air pollution. 

Industrial and Conmereial Sources 

Although natural sourccs for asbestos air pollution should be considered, 
it 48 likely that they add but an infinitesimal amount to the asbestos air bur- 
den in urban arcas. Most is derived from commercial and industrial sources. 
Here, emission-source inventories can be prepared and would include transport and 
storage of row fiber supplics, manufacture of the many useful asbestos-containing 
products, transport and end-use of these products, and their weathering and ultis- 
mate disposal as wante, The relative contribution would vary with the type of 
product, In peneral, the potential for pollution varies with the degree of fix- 
ation of the fiber in the product, Under circumstances in which asbestos is loose 
or the material (riable (ashestos cements, insulation materials, ete.) the like- 

Hhood of {ibhovs bocoming airborne 18 greater; converscly, where the fibers are - 
more or less boutnd an the product's matrix, the likelihood is considerably de- 
ereasod (ashestos coment materials, ashestos containing plasties, ete.). The 
spectrum of this variation requires detailed study, since control efforts will be 
puided by the findings., 
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