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Risk assessment for Asbestos and Management of Low Levels
Introduction:Medica Effects of Asbestos

There are anumber of medica effects of asbestoswith different locations (see figure 1) which will
be discussed in more detail below.

@ Benign conditions of the pleura, and in particular pleurd plaques.

2 Adsbestosis. Observed as early as 1906 by Auribault it was defined asfibrossof thelung
caused by asbestos dust, and first called asbestos silicosis. 1t was only defined as a separate di sease after
useof X raysbecameusud. According to Doll and Peto (1982) the diseaseisindistinguishablefromarare
"cryptogenic fibrosing aveolitis’, athough asbestosis is usualy assumed if there has been evidence of
exposure, Smply from aweighing of probabilities. Thereisin theliterature some confuson astowhat isto
be called asbestosis. Most reserve the term for interdtitid fibross; others have separated pathologica
reections in the repiratory bronchioles and dveolar ducts, and called them small airways disease. This
digtinction is useful, because the smal airways disease can be caused by a wide variety of nonasbestos
minerds, slicaetc., which do not cause intertitia fibrosis, or at least not frequently. (Churg 1983)

(3) Lung Cancer. (Bronchid carcinoma)
(4) Mesothdioma of the pleura or peritoneum.

(5) Other cancers. A number of other cancers have been suggested by Sdlikoff et d (1979) as
being caused by asbestos.. Few of these other cancers have been reliably attributed to asbestos, and even
if they occur, are negligible additions to the risk.

The Risk Assessments

(1) Benign conditionsof the pleuramay causetemporary problems, but are not usually consdered
adanger at dl. They are often asymptometic, however they are considered asindicators of exposure (but
not of risk), but are not definitive onesin adl cases. (Churg 1982,1983), (Hillerdahl 1978).

2 The risk assessment for asbestossis very smple. It seems to gppear only after heavy
accumulated exposure, and seems to have a threshold-type effect. If exposure islow, the accumulated
dose will never exceed the threshold. Thisis shown, for examplein figure 2. Thethreshold is higher than
any environmenta or occupationa level of present concern, so details are of no present interest.

3 The risk of lung cancer is dways assessed on the basis of higtoricd experience. The



procedureis, in principle, smple. Onefindsacohort of people exposed to adefinite quantity of asbestos,
and askswhat, if any isthe incidence of lung cancer compared to the incidence in a group of unexposed
people who are otherwise smilar. Theratio of incidenceis caled the Risk Ratio, and if gregter than unity
indicates a carcinogenic effect. The Risk attributable to asbestos that agroup of people smilarly exposed
would undergo (often caled the excess risk) is equd to the (Risk Ratio - 1), multiplied by the naturd
incidence.

Problems arise in determining the exposure (defined as the concentration multiplied by the
occupancy) of the people in the cohort, and even worse of determining the dose (the amount of asbestos
that enters the lung). Different sudies do not agree. There are aso issues about what parameters of the
dose are relavant, and whether al forms of ashestos arethe same.  Rather than discuss these in detall, |
merely refer to arisk assessment carried out for the EPA by William Nicholson. This caculation agrees
with numericd cdculations of other authors, provided smilar assumptions are made (Hughes and Welll
1986)

For lung cancer Nicholson assumes (following the work of Sdikoff and Seidman (19xx) that lung
cancers begin to appear 20 years after start of exposure but cease 40 years after exposure. He assumes
that in the study cohort that exposure was at the low end of what was reasonable, and therefore derives a
higher risk than many authors. He assumesalinear (proportiona) relationship between exposure (or dose)
and response. He assumes that the relavanyt parameter of exposureisthe exposure averaged over along
period - of the oder of years rather than minutes, and then corrects for the fact that people were exposed
occupationaly for only aportion of theday. He does not distinguish between smokers and nonsmokersand
therefore hisrisk isapplicable to amix of persons (roughly half smokers and haf non-smokerss). Hethen
presents arisk in tabular form for each age group and exposure period.

4 For risks of mesotheioma, |1 dso take the caculations of Nicholson. However, for
mesothelioma the latent period islonger. Nicholson used aformula developed by Peto et d. (1982) and
fitted to the data that describes the fact that mesotheliomas appear 30 years after exposure and go on
appearing till death from other causes. There seemsto be no indication that mesothelioma risk depends
upon smoking history.  For non-smokers, and particularly for children, it dominates the calculated risk.

Assumption of Low dose linearity

The actua data on lung cancers or mesotheliomas caused by asbestos arise from workplace
expsoure, with concentrations in the workplace of 1 fiber per millilitre of ar and above. Thisisroughly
equiva ent to continuous exposure to aconcentration of 0.1 fibers per millilitreand above. Itisimportant to
redlise that any assumption of arisk a concentrations below this, does not rely upon direct data, but upon
an INTERPOLATION (often, even usudly erroneoudy cdled an EXTRAPOLATION) between the
cancer incidence at the lowest measured increase and cancer incidence at zero concentration.

Before 1980, most authorities were willing to state that there was a non-linear dose-response
relationship or a threshold. A good review of the theories and of the data about dose-response
relaionships for carcinogens generaly has been written by Zeise et d (1987). Enterline (1981) discusses
possible dose-response relationships for asbestos related cancer in some generdity, explaining how, in



proceeding from dataiin occupationd settings, one might, with various assumptions, derive aprediction for
the lower doses of environmentd settings. Included in this discussion was amodd that he had used earlier
(Enterline 1976) with a dose-response reaionship which islinear, but with time-to-tumor increasing asthe
dose decreased. Druckery had seen thisincrease of latency for anima bioassay of severa chemicals, and
Davies (1985) had observed it for mesothelioma following peritoned infection of asbestosin rats. Jones
and Grendon (1975) had suggested aformulafor risk based on these observations. This procedure leads
to an effective nonlinearity a low doses. Mehir et d (1978) describe the procedure of the Consumer
Products Safety Commission which followed the same method. Since then, the CPSC changed its policy
(CPSC 1983) and now dl authorities assume a dose-response reationship which islinear at low doses,
without any modifications because of avarying time to tumor.

At thetimeof thereport of Mehir et d (1978) one of uswas starting acampaign among scientistsin
industry to persuade them to ca culate risksfor carcinogensusing alinear dose-responserdationship. There
were sverd reasons for this. It is possible that the linear relationship is correct and many academic
stientistsbelieve so. It seemed to meunwisefor industrid leadersto take arigid position where therewere
many academic scientists "on the other Sde’. Peto (1979), an academic scientist, was arguing for alinear
doselJresponse rdlationship for asbestos. It was aso clear that very shortly scientists in the regulatory
agencieswould useit, largely because they percaived it to betheir duty "to beonthesafeside” Indeed, in
1984 a committee of the Nationd Academy of Sciences stated, "This assumption may not dways be
judtified in agpplication ... but it should lead to an gppropriate upper bound for the committeg's risk
assessments for asbestos. Furthermore, and more importantly, ruling out alinear dose term for exposure
does not seem judtified by the data now available” Doll and Peto (1984), while adhering to the
appropriateness of alinear dose-responserelationship for public policy purposes, point out that thereisno
model for ashestos carcinogenesisthat is as plausible as the model for cancer produced by mutagens for
whichalinear dose-response rdationship isstrongly suggested. However, thisdoes not mean thet thelinear
dose-response relationship can be proven correct, and as noted above, there can be no direct dataon this
question.

The idea that asbestoss might exhibit a threshold and lung cancer might not is not new. But a
crucid question isthe mechanism.  Thus the Chief Ingpector of Factoriesinthe UK asked "Doessilicaor
ashestos or the fibrogis of the lung they produce tend to inhibit cancer of the lung or to produceit? If the
latter, do elther of these two substances act as specific carcinogenic agentsliketar, or isit that the disease
they produce only preparesthe soil for the occurrence of cancer? ... With asbestosi's, anong 103 fatal cases
in which asbestos's or asbestosis with tuberculosis were present, cancer of the lung was associated in 12
cases (11.6%)" (Merewether 1938).

Thisis not an empty question even now, for it bears upon the "prior” belief of a scientist about the
doselIresponse relationship for asbestos-related lung cancers. We say here"prior” belief, becauseit isthe
belief before there exist any direct data; and at the doses of public concern today (0.01 fibers/cc or less)
there can be no direct data. If asbestosisisanecessary precursor to lung cancer, then the dose response
relaionship for lung cancer would be expected to be the same as that for asbestoss and most scientists
believe the dose-response for asbestosisto follow athreshold. Thentherisk at dosesof present concernis
not merely smdl, but zero. If on the other hand lung cancer can arise where there is no ashestosis, alinear



dose-responserdationshipis possible, eventhough thereisno direct datato prove any responseinthe dose
region of interest. Unfortunately the question remains unanswered today, adthough some authorsarewilling
to give the answer YES, asbestoss is a necessary condition for lung cancer (Browne 1986, Weill 198x),
and thereby to imply that there is a threshold for lung cancer and no risk at al at the low exposues and
doses of present concern.

Sinetheissue of linearity or non linearity isamatter of expert judgement, expert eicitation may be
gppropriate. A preliminary attempt at such astudy has been done by D'Agostino and Wilson (1990). We
note that they failed to find anyone who believed that the Nicholson ca culation is an underestimate of risk.

But evenif linearity isassumed, the distinction between aStuation where thereisameasured smal
risk at low exposures (such asarisk of being run down by a car even on an amost deserted road) and a
risk that is merely caculated may be importart for some societa problems. Indeed Crawford and Wilson
(1995) arguethat alow doselinearity can be caculated for avery large number of societal issues, of which
ashestos may not be the most important.  Here we argue that an individual.  Was a company acting
responsibly in ingaling asbestos in a schoal in 1955, and should they be responsible for taking it out in
1988? A company should be cautious about health effects, but they could not reasonably be asked to
predict vagaries of the regulatory
agencies.

If it can be judtified that the levels of asbestos in schools were not believed to cause a hazard in
1955, and even now, if the risk is small enough that the hazard is not large and not imminent, then the
actions of the companies in 1955 were not unreasonable. There is another reason for choosing a linear
dose-response for base-line risk estimations. The appropriate measure of concentretion is, in dl linear
modds, thelong-term average. Thisremainsan upper bound in other models. Then it becomesunnecessary
to make specid dlowance for occasiond exposures to high concentrations, provided that the average
concentration is properly estimated. Thisisimportant for addressing the concern of Sdlikoff (1990) and
Brody (1990) about intermittent high exposures of maintenance workers.

Aredl fibers the same?

Thisquestionisal important for understanding the mechanism of asbestosrelated health effects, but
here we merdly assume that only fibers of length greater than 5 um and with aspect ratio, length/diameter
greater than 5 can cause cancer (Lippmann 1988). There are some scientists (Langer and Nolan 1988)
who argue that chrysotile asbestosis less potent than other types such as cricidolite in causing lung cancer,
but others contest this (Nicholson 199x). We theerfore pessmigtically assume that Nicholsonstables for
lung cancer apply to chrysotile as well asto other types of asbestos. But chrysotile ashestos seems to be
less potent both in producing mesotheliomathan other types of asbestossuch ascrocodolite. Thisisshown
in Table IV from Peto (1981).

The reason for this reduction is less clear than the effect itsdf, but it is generdly consdered to be
dueto ashorter clearance timefor chrysotile fibersin the lung, so that the ratio of doseto exposureisless.



Risk a low doses
Example of adetalled caculation:
the risk of school exposure

The present public interest isin reducing therisk at low doses.  Recently public policy has been
addressed primarily to exposure in schools which has raised a lot of emotion. We therefore make a
cdculaion for a "typicd" schoal, in which chrysotile asbestos was used for fire retardant or thermd
insulation. In this caculation, we will use the caculations of Nicholson for the EPA (1985) and especidly
histable 6.3. However, we note severd important assumptions made by Nicholson.

Table6.3isca culated for continuous exposure, whereas exposurein aschool isonly for part of the
day. Weassumethat in atypica school the exposure of the children to asbestos occurs during 6 hours per
day, and 150 days per year. Thisis 1/10 of thetota hoursin theyear. We assumethat thisisfor the ten
year period 6 to 16 years. The exposure for ateacher we assume to be for athirty year period age 25 to
55. Inthe absence of specific reliable measurementsfor the school, we take the reports on measurements
of concentrations in schools by Crump (1990), Corn (1991) or McCrone (1991) that concentrationsin
schools are 0.0002 fibers/ml.

Following the suggestion of Dall and Peto, we might dlow afactor of 5 reduction of mesothdiomarisk if
chrysotileis used, but since the correct reduction factor may be much more, we may ill be overestimating
the risk. We assume as Nicholson does, that there is alinear dose-response relationship at low doses.

Thetable does not differentiate between smokersand nonsmokers. For the adults, we assumethat
his malerisk is doubled for smokers, and is negligible for nonsmokers.



Tablel
Typicd lifetime risk due to asbestos in a schoal.

Based upon Nicholson'stable 6- 3 and (where noted) amodified average school-time exposureto chrysatile
at 0.0002 fibers/ml (fibers greater than 5 microns):

Lifetime

Age group Risk

Mesothdiomarisk to femaes 10-15 1X 10-6
0-5 1.6 X 10-6
Interpolated age group 6-16 24X 10-6
Adjusted for chrysotile only 6-16 5X 10-7
(the reduction by afactor of 5 noted in the text)
Mesotheliomarisk to maes 10-15 6 X 10-7
0-5 1X 10-6

Interpolated age group 6-16 1.6 X 10-6
Adjusted for chrysotile only 6-16 3 X 10-7
Mesotheliomarisk any asbestos 25-55 3X 10-6
Adjusted for chrysotile only 25-55 6 X 10-7
Lung cancer risk (smoker ) 25-55 4X 10-6
Lung cancer risk (non-smoker) 25-55 4 X 10-7
Risk if thereisathreshold & 0.1 f/ml 0

Weddiberately refrain from ca culating the risk for smoking children because of our belief thet there
should be no children who smoke, and that public policy andysts should consider the problems of any who
do in adifferent way than the problems of those who do not.

Theserisksaresmdler than therisksthat people regularly accept such asautomobiledriving (200 X

10-6 per year or 15,000 X 10-6 per lifetime). Some peopl e rgject such acomparison because automobile
driving isvoluntary, but the average risk for pedestrians killed by automobile driving of 2,000 X 10-6 per
lifetimeis surdy involuntary. So dso isthe risk of drinking chlorinated surface weter in atypica US city.
Thisis 200 X 10-6 cdculated by the EPA methodol ogy which may be expected to be as conservative, but
no more conservative than the caculations here. It isaso amdler than therisk of childhood desth among
blacksand minority groups (5 X 10-2), to which many people believethat society should preferentialy pay
atention. Thiscomparison may betaken aspartid judtification for the statements of many persons quoted
earlier that a concentration of 0.01 fiber/cc is safe.

This conservativerisk caculation hasled many personsto state that thereis, in most cases, no risk
from ingtalled asbestosin good condition, left in place. While conceding this, Selikoff (1990a) has pointed
out the importance of ensuring that maintenance workers do not suffer greatly increased risks. This
presumably means especid attention to exposures, just as maintenance workers dready have to pay



especid atention to other risks such as those of dectrocution. Unfortunately it is not as easy to monitor
average ashestos exposure asit is, for example, to monitor radiation exposure by meansof a"film-badge".
Attention to devel opment of asmple portable monitor for workerswould seem to beimportant. Inarecent
report, Selikoff (1990b) has studied custodiansin NY schoals. He finds a large number of plagues and
suggeststhat these may indicate asbestos exposure. Asnoted earlier, (Churg 1982,1983) these may not be
good indicators, and further work is necessary before such indicators can be accepted.



Population Integrated Exposure

It has been assumed by advisory and regulatory bodiesfor 70 yearsthat ionizing radiation followsa
linear (proportiond) dose response and that radiation exposure to a population should be reduced to As
Low As Reasonably Achievable. Individua exposures are to be kept below natura background, and if
there are alarge number of people exposed, an integrated population exposure in Mant Rem, now more
correctly person-Severt, iscaculated. 1n 1974 after atwo year long public hearing the Nudear Regulaory
Commission (RM-30-2 and copied in federa regulations 10 CFR 50, appendix 1) ruled that if integrated
exposures could be reduced for acost of $1000 per Man rem ($100,000 per person Sv) the expenditure
should be made. More recently this figure has been doubled to account for inflation (Kress 1995). On a
linear dose response relationship this corresponds to about $4,000,000 per calculated life saved. Other
organizations have used cost benefit andlys's, often for Stuations (automobile safety) where alinear dose
response relationship ismore certain. These Stuations have been reviewed by Guenther and Thein (1997)
who find an average"Willingness To Pay (WTP)" of $4,000,000 per ca culated life saved. We suggest here
that this concept be used for asbestos exposures.

Itisimportant to redizethat background exposuresarelarge. Inthe USA they areabout 0.3 Rem =
0.003 Sv of which radon gas in buildings forms the largest part. Thus 250 million Americans have an
integrated population exposure of 75 million Man Rems or 750,000 person Sv.  The rule suggests thet if
that background can be diminated (which it cannaot) it would be worth an expenditure of $150 billion. We
gpend far less than this even are exposed to

In order to illugtrate how this might work, we assume the above school where 500 children, 250
maes and 250 females are exposed for the 50 year life of the school buildings. 5 groups of children will
spend 10 years there. Then the probability that ONE will develop mesothdiomain the 50 year period
becomes:

5X 250 (2.4 +1.6) X 10°=5X 105 X 10® or
1 X 102 if a5 fold reduction for chrysotile is assumed.

5/3 groupsof 30 adultswill bein the school, and if we pess midticaly assumethat they are smokers,
the probability that one will get lung cancer FROM THIS CAUSE in the 50 year period is

5/3X 30X 4X 10°% =2 X 10-* Thisis 10times less for nonsmokers.

At a codt to save a cdculated life of $4,000,000 per caculated life, the TOTAL amount thet is
judtified to spend to reduce this concentration to zero before the building reache=sthe end of its natural 50
yea lifeis

$(5 X 103+ 2 X 10™) X 4,000,000 = $20,800.

If the 5 fold reduction for chrysotile is assumed this reduces to $4,800. If the sum is discounted
over the period before any mesotheliomalis diagnosed, the number isless. If there is athreshold nothing
should be spent. Any amount spent in excess of this would be a societal misalocation of resources.



We see at once that this number is dominated by the possibility of mesothdiomain children. The
societd preoccupeation with therisk to childrenisto thisextent judtified, and it becomesimportant to be sure
that we truly understand the modd that extends the data to the children.

Long-term risk of worldwide asbestos use.

One of the advantages of asbestosisthat it ischemically stable and does not disintegrate. One of
the disadvantagesisthat it isstableand lastsalong time! Further, large asbestos fibersin the environment,
perhapswith too large adiameter to be airborne and cause health problems, can split into many fiberswith
amdl diameters in the environment. This leads to a fear that continued mining of asbestos can lead to a
buildup of asbestos fibers with dangerous shapes and szes in the environment. I thisis coupled with a
belief inalinear doselIresponse rel ationship, predictions can be made of steadily rising background cancers
from this cause.

Thisconcernisfar from uniqueto asbedtaos, it followsfor any stable materid, e.g. arsenic, whichis
gtable, and for which alinear dosellresponse relationship is suggested. These
predictions lead to intense pressure for an absolute ban, even if it can be shown that occupationa
exposures, and exposuresin buildings, can bekept low. Itisimpossibleto disprove, in advance, theredity
of such a concern for any materid. However, there is no large increase of asbestos levels in rurd
communities and in urban communities increases seem to be concentrated a busy intersections where
automobile brakes are widdly used. Background levels of mesothelioma have shown no increase among
females, and the smdl increase among maes is attributed to occupational exposures. It can therefore be
argued that this problem is hypothetica, and while monitoring might be appropriate, most remedid actions
could be deferred without possibility of disaster. Findly we notethat chrysotile asbestosis solublein dilute
acids, and asbestos in the environment tends to be comprised of short fibers which are less carcinogenic.

Probability of causation

Often, when there is avictim of bronchiad carcinoma, or of mesothelioma, or of asbestos's or
someone who has pleurd plagues, the question arises, what is the probability that his’her condition was
caused by asbestos exposure, and in particular, is it greater than 50% often demanded by law to dlow
atribution of blame? The answer to this question comes from a weighing of probabilities. The usud
goproximate formula is that the probability of causation is the risk caculated as above, divided by the
probability of developing the same disease from al other causes.

The attribution of bronchid carcinomato asbestos is much harder, because of the synergism with
tobacco. 1tissmpleenough to attribute any bronchid carcinomain anon smoker to asbestosif thereisany
history of asbestos exposure. As noted above, mesothelioma is so rare, that anyone who develops
mesothelioma, and has been exposed to asbestos, is usudly assumed to have devel oped it from asbestos
exposure. Using theaboveformulafor probability of causationcaculation, onedividesasmal number, the
probakility of getting mesotheliomafrom asbestos exposure, by the probability of getting mesotheiomafrom
all causes, and get closeto 100%. If the cancer appearswithin 10 years after exposure, however, thismust
be questioned. | dso note that in asmdl village in Turkey, there are severd cases of mesothelioma, and



theseare normdlly attributed to erionite, aloca building materid of fibrousnature. (Bariset d 1988) Again,
fibross of thelung would normally be attributed to asbestosif thereisany history of exposure, for the same
reason. But for asmoker it is even unclear what attribution means snce synergism is present. Should one
divide therisk for anon smoking asbestos worker by the risk from other causes, dominantly cigarettes? If
50, itwill dwaysbelessthan 50%. Or should onedividetherisk for asmoking asbestosworker by therisk
to a smoker from dl causes, which could then often be greater than 50%7? We note here that Johns
Mansville has gone bankrupt and not Philip Morris, afact that indicates the way the courts have viewed
these matters (whether by caculation or ignorance we do not presume to know). A description of this
atitude can be found in Brodeur (1985). However, if wetry to gpportion blame, cigarette smoking is5
times as much to blame for these lung cancers as asbestos.

Risks caused by other fibers

Although we do not claim to be angels, risk assessors often

walk where others fear to tread. In this paragraph we address the risk due to exposure to an adternative
fiber, the man-madefiber, fiberglass. In doing thiswe explore the consequences of the assumption that for
equa szesof fiber, and after any correction for clearancetime, fiberglassis as potent in producing each of
theallments caused by ashestos as asbestositsdf. What istherisk, and what precautions should wetaketo
reduceit? Unlesswe ask this question, we will fail to learn from the history of asbestos use and wewill be
condemned to repest it. A wholejourna oncewas addressed to this problem of manCmedefibers(Waton
1987).

It isevident that fiberglassis not used as carelesdy as was asbestos. No one spraysit on. Unlike
asbedtos, fiberglassis not held in place by gypsum, which is subject to deterioration. We must ensurethat
thisisawaysthe case; that fiberglass batts are secure batts, and do not deteriorate. We dso notethat itis
possible and easy to make fiberglass with any dimension of fibers we choose; in particular with alarge
enough diameter that effects are unlikely. These seem obvious criteria; but we know of no public hedth
authority that watches these matters; no regulation or standard for proper ingtalation of fiberglass, and no
sudieswhich confirm or deny our suppositionthat thefibersarelesslikely to reach the environment than are
the fibers of asbestos. Until these are done, the claim can correctly be made, aswe have heard it made by
more than one expert in the hedth effect of asbestos "there exists no substitute for chrysotile asbestos,
properly applied, that is known to be as safe’.
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