
NIH Director: Recommendations 

The Advisory Committee on the National 
Institutes of Health (NIH)* to the secretary 
of Health and Human Services (HHS) was 
asked to identify ways to enhance and 
strengthen the position of the NIH director, 
and thereby the NIH itself. This it did with 
remarkable unanimity and a real sense of 
urgency throughout four meetings, starting 
in December 1989. Simultaneously, a search 
committee was working and has now pro- 
duced a short list of candidates for the 
second time (News & Comment, 20 Apr., 
p. 296). Nevertheless, the fate of the recom- 
mendations of the advisory committee is 
uncertain. A substantial number of the com- 
mittee members came away from the final 
meeting on 25 April pessikstic about the 
possibility that the recommended changes 
would be made in time to encourage out- 
standing candidates to consider accepting 
the director's job. 

Depoliticization of the job was topmost 
on the advisory committee's agenda. Last 
summer's fiasco, stemming from a White 
House test of a candidate's views on abor- 
tion, was only the most recent illustration of 
the need to reassert the fbndamentally scien- 
tific responsibilities of the position. The 
committee recommended that, like the Na- 
tional Science Foundation (NSF) director, 
the NIH director be appointed for a 6-year 
term, renewable. This would require legisla- 
tion. 

The advisory committee urged that the 
NIH director have substantially increased 
authorities, including final appointment 
power for senior NIH scientific and admin- 
istrative staff and for scientific appointments 
to NIH advisory committees, councils, and 
boards. Currently, the secretary of HHS has 
these authorities, and they could be delegat- 
ed without legislation. A $20-million-dollar 
discretionary fbnd and the authority to 
transfer up to 1% of the budgets of the 
individual institutes would substantially im- 
prove the director's ability to provide leader- 
ship to biomedical research especially in 
times of emergencies, such as the AIDS 
crisis. 

Adequate salary and compensation also 
received important attention. Current policy 
sets the director's salary at $83,600 (Execu- 
tive Level IV), which is below the level for 

*Membership: J. 0. Mason (chair), T. Cooper, E. Cota- 
Robles, J. F. Dickson 111, D. S. Frederickson, J. R. Gavin 
111, P. Gray, P. Marks, E. D. Pellegrino, P. G. Rogers, D. 
Satcher, B. C. Schmidt, M. F. Singer, S. 0. Thier, P. R. 
Vagelos, and L. S. Wilson. 

the director of NSF (Executive Level 11, 
$96,500), the medical director, Department 
of Veteran's Affairs (Executive Level I11 and 
extra bonuses, $116,500), and the head of 
the Uniformed Services University of the 
Health Sciences (salary set at 50 to 70% of 
the mean paid to medical school deans in the 
northeast). An NIH director who chooses 
to be in the Public Health Service Commis- 
sioned Corps would be somewhat better 
compensated: approximately $98,000. 
Changes in compensation also require legis- 
lation. 

By modifying the job description, the 
NIH director could become the HHS secre- 
tary's principal adviser on science policy and 
biomedical research program planning. 
Most biomedical scientists, both here and 
abroad, will probably be surprised to learn 
that the NIH director does not now hold 
that position. Indeed, the whole current 
picture, including salary, authority, and 
budget, hardly fits most people's concept of 
the NIH as the preeminent biomedical re- 
search institution in the world. 

Neither HHS Secretary Louis Sullivan 
(who attended, briefly, only some of the 
meetings), nor committee chairman James 
0. Mason gave any indication of how they 
will react to the recommendations. Yet, a 
prompt and determined effort by the HHS 
secretary to effect the advisory committee's 
recommendations could rectify the disparity 
between the significance of the NIH direc- 
torship and the current reality. This effort is 
urgently needed if an outstanding biomedi- 
cal scientist is to be successfully recruited as 
the next director. After 8 mon&s without a 
director, the need for a timely appointment 
is obvious. Leadership is needed to deal 
with the current crisis in grant fbnding as 
well as the deteriorating morale of the intra- 
mural staff, not to mention myriad research 
policy issues. If the effort is not made, or 
tails, -then perhaps it will be wisest to work 
to establish the NIH as an independent 
agency, like the NSF, so that our nation's 
splendid biomedical research effort is not 
continuously threatened by irrelevant bu- 
reaucratic and political considerations. 
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President, 

Carnegie Institution of Washington, 
1530 P Street, N W ,  

Washington, D C  20005-1010 

Asbestos, Carcinogenicity, and 
Public Policy 

Brooke Mossman et al., in their generally 
excellent and informative article "Asbestos: 
Scientific developments and implications for 
public policy" (19 Jan., p. 294), propose 

that occupants of public buildings need not 
be concerned about chrvsotile asbestos fi- 
bers when airborne fiber counts are low. 
The authors also state, "relatively young 
asbestos removal workers . . . should be 
protected." I am not sure that one can have 
it both ways, since in the last sentence of 
their paper Mossman et al. "acknowledg[e] 
that brief, intense exposures to asbestos 
might occur in custodians and service work- 
ers in buildings with severely damaged 
ACM [asbestos-containing materials] ." The 
problem is that two essential elements are 
ignored in these conclusions: (i) a body of 
experimental data which shows that brief ( l -  
to-3-hour), intense exposures to chrysotile 
asbestos fibers cause inflammatory, prolifer- 
ative, and fibrogenic lesions in rats and mice 
within 48 hours after exposure ( I ) ,  and (ii) 
damaged ACM is likely to leave on the top 
of false ceilings, pipes, and beams deposits 
of fibers that would not be found in routine 
airborne counts, but which could easily be 
aerosolized bv numerous activities and 
could subsequently provide opportunities 
for the "brief, intense exposures." No one 
knows how many light bdbs a janitor must 
change or how many dusty corners a teacher 
must venture into before brief, intense expo- 
sures to chrysotile fibers will elicit a signifi- 
cant pathobiological response in the lung. 
The animal experiments suggest that only 
one such exposure is necessary; correspond- 
ing data for human exposures are not avail- 
able. Thus, I am not convinced that it is 
prudent to consider chrysotile asbestos fi- 
bers innocuous and to leave ACM in situa- 
tions where they eventually will deteriorate 
and provide a legacy for future generations 
of students, custodians, and removal work- 
ers. The authors make an excellent case for 
being cautious about unwarranted removal 
practices, but let us not think there is no 
problem just because airborne fiber counts 
&I buildings are low. 
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There may have been good reason not to 
let the reader know of the long-term asbes- 
tos industry associations of at least four of 
the five authors of the polemical article by 
Mossman and her coauthors, in which they 
advise that this industry not be required to 
remove asbestos from schools and public 
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mildings. Perhaps we can be told why this 
lappened. 
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The article by Mossman et al.  is likely to 
nislead both the public and the scientific 
:ommunity about certain important issues 
:onceming chrysotile asbestos. Since more 
han 95% of the asbestos used in the United 
hates was chrysotile, this misdirection 
~ u l d  have serious implications for public 
~lanning of the management of the asbestos 
n place in buildings throughout the United 
States. We present here a more complete 
iiscussion of some of the issues raised by 
Mossman et al. 

Mossman et al.  subscribe to the so-called 
'amphibole hypothesis," which they use to 
iuggest that little, if any, cancer risk arises 
?om exposure to chrysotile asbestos. They 
ugue that the amphibole forms of asbes- 
:os-tremolite, amosite, and crocidolite- 
lave substantially greater carcinogenic po- 
:ential than chrysotile asbestos. They dismiss 
he  "67 or moren mesothelioma cases that 
lave occurred among Quebec chrysotile as- 
xstos miners and millers (1) as "attributable 
to fibrous tremoliten because the lung bur- 
kns  of tremolite in these individuals were 
higher than those of chrysotile. We believe 
that, as a parameter predictive of mesotheli- 
Dma, "lung burdensn of fiber types are nearly 
worthless. As noted by Mossman et al. ,  
chrysotile is a labile mineral that may disap- 
pear from lung tissue years before postmor- 
tem analysis is done. (Of course, the relevant 
carcinogenic mutations almost certainly oc- 
cur years before cancer is detected.) This 
disappearance occurs because chrysotile, in 
contrast to amphibole minerals, splits apart 
longitudinally in tissue and can partially 
dissolve in body fluids. Mossman et al.  imply 
that it is the 1% tremolite contamination of 
the chrysotile asbestos breathed by the min- 
ers and millers that caused the mesothelio- 
ma. We believe this argument is specious. 
Since the tremolite burden is proportional 
to the amount of chrysotile inhaled, it is also 
a measure of chrysotile dose. Thus, there is 
as strong a correlation with chrysotile dose 
as with tremolite burden. 

The fallaciousness of the tissue burden 
argument can be seen further by considering 
mortality studies of asbestos-exposed work- 
ers when the results are analyzed in terms of 
exposure; it is essential to compare the risks 
of different fibers in terms of exposure. In 



four studies (2) of asbestos-textile produc- 
tion workers, the exposure was primarily to 
dqsotile a s h ;  the percentage of 
non&ymile fiber ranged from 0 to 2%, 
plus an additional 1% of tremolite contami- 
nation. In these studies the percentage in- 
u-easedinlungcancerrangedfrom1.0to 
2.8% per fiber-year per cubic centimeter of 
cumulative arposurr (3). In five other stud- 
ies (4) where workers were Qtpostd to asbes- 
tos containing 100% amosite-an amphi- 
bole, 60% chrysde plus 40% amosite, and 
80 to 90% chrysotie plus 10 to 20% crocid- 
olite, amosite, or both, the risk of lung 
*mcerperfiberexposurewasthesameas 
that for the predominantly &ysotile e x p  
sures, within the statistical uncertainties of 
the data. It ranged from 0.5 to 4.3% per 
fiber-year per cubic centimeter for mixed 
duysotile-amphibole exposure circum- 
stances. Even a pure crocidolitc ~cposurr to 
miners demonstrated a similar risk-2.1 to 
5.8% increase per fiber-year per cubic centi- 
meter (5). Were the "amphibole hypothesis" 
correct, the risks of cancer in the a s h  
textile studies would have been up to 100- 
fold less than were seen. Mossman et al. 
suggest the high risks might be due to 
"solvents and oils used in textile produc- 
tion." There is no evidence for this. 

There is a significantly lower lung cancer 
risk per fiber arposurc assodated with duys- 
otile mining and milling (6) than that assod- 
a d  with axtik production in which only 
duysode (as mined) or pdomhantly 
dqsotile are used. Thc reason for this 
di&rena is not fully udmood, but some, 
pcrhapall,ofthcgreaterriskindemills 
may result from the presence of a greater 
percentage of thin, uncounted, but highly 
carcinogenic fibers that are produced during 
textile production in dK carding proctss and 
in the high-speed spinning and weaving 
proccsscs, whar thin fibers may split off 
fi-ornthedurads. 

Similarly, the risk of m d e l i o m a  per 
fiber exposwe in three studies, where it can 
be estimated directly fiom arposurr and 
inadena data, is identical to that for expo- 
sures to 98% dvysatile plus 2% crocidolite, 
60% clqmtile plus 40% amositc, and 
100% amosite, rrspectivcly. Moreover, in 
most other studies where the mesothelioma 
risk cannot be estimated dindy, the ratio of 
the number ofmesotheliomas to excess lung 
cancers is the same for aposurcs to predom- 
inantly chrymile, to 100% amosite, and to 
mixtures ofchrysode, m i t e  and crocido- 
lie, within the mcemiuties of the &a- 
tion. The ratio for 100% crocidolite expo- 
sures is about twice as great (3). 

These data on humans are corroborated 
by similar data obtained in eqxrhental 
inhalation studies by Wagner et al. (7) with 
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rats. For equal exposures, the greatest num- 
bers of cancers was produced in these stud- 
ies by chrysotile asbestos. The amount of 
asbestos retained in the lung after conclu- 
sion of the 2-year inhalation experiment was 
also measured by Wagner et al., who found 
that the mass of amphibole fibers in the 
lungs was about 15 times the mass of chrys- 
otile fibers, although the air the animals 
breathed contained equal masses of each 
asbestos type. Thus, the chrysotile fibers, 
although conveying an equal (or greater) 
risk of malignancy than the amphibole fi- 
bers, were clearly less persistent in lung 
tissue than the amphiboles. Further, sol- 
vents and oils could not have played a role in 
these experimental results. 

Mossman et al. state that "the rod-like 
amphiboles appear to penetrate the periph- 
eral lung more readily than chrysotile fibers, 
which are curly, can occur in bundles, and 
can be intercepted at airway bifurcations." 
While a typical mine specimen of chrysotile 
contains a nonrespirable fraction, a substan- 
tial proportion is of a diameter that is respi- 
rable. This respirable fraction, including the 
thin, sublight microscopic, most highly car- 
cinogenic fibers, increases in the successive 
stages of product manufacturing and use. 

One of the authors of the Science article 
previously analyzed the fiber types found in 
lung parenchyma and parietal pleura of 
workers exposed to both chrysotile and am- 
phibole asbestos. Contrary to the assertion 
of Mossman et al. that amphiboles more 
readily penetrate to the pleura than do 
chrysotile fibers, it was concluded that "in 
pleural tissues short chrysotile fibers frankly 
outnumber long fibers of amphibole type" 
(8). Why do Mossman et al, now repudiate 
this important finding? It should be noted 
that most mesotheliomas occur in the pari- 
etal pleura and that measurements of fiber 
levels in this tissue are likely to be a more 
relevant parameter than are lung tissue bur- 
dens. 

It is not known precisely how asbestos- 
or any mineral fiber-interacts with cells to 
induce cancer. There are, however, recent 
data on how mineral fibers interact with a 
cell's genetic apparatus to cause mutations. 
Mossman et al. cite studies showing a lack of 
mutagenicity of asbestos fibers as demon- 
strated by the Ames test and other transfor- 
mation assays. These assays were, however, 
performed by making a direct application of 
asbestos fibers, a route of exposure that may 
not be most relevant to human cancer. Also 
Mossman et al. de-emphasize recent evi- 
dence that chrysotile is mutagenic by means 
of its ability to transfer DNA into cells (9), 
apparently because no epidemiological stud- 
ies have been done on kaolin or calcium 
phosphate. This capacity to transfect is, 

however, a recognized avenue for mutage- 
nicity (10). In transfection studies conduct- 
ed thus far, chrysotile asbestos has been seen 
to be more potent than calcium phosphate. 
Unlike calcium phosphate, chrysotile frag- 
ments the newly introduced DNA, a process 
now known to greatly enhance mutagenesis. 
It is likely that all cell transfectants are 
mutagens, but there are no published stud- 
ies relating carcinogenesis to a particular 
tissue's accessibility to transfectants. This 
area should be further explored. 

Mossman et al, review data on air concen- 
trations of asbestos measured in buildings 
and in the outside air and use these data to 
derive estimates of risk for exposures in 
buildings. These data have two weaknesses. 
First, as evident by the fact that no asbestos 
fibers were observed in 83% of the samples 
analyzed, inadequate analytical techniques 
could have been used. In order to obtain a 
meaningful estimate of an asbestos concen- 
tration, at least four fibers should be count- 
ed in each sample analyzed. It would appear 
that at least ten times more filter area should 
have been scanned in these samples than was 
in fact examined. Second, as the authors of 
one of the air studies acknowledge (II), 
their results indicated building levels ten 
times lower than those of three other studies 
of airborne asbestos concentrations in build- 
ings (IZ), which suggests the possibility of 
analytical error. 

In addition, short-term air sampling is not 
likely to reflect actual long-term contamina- 
tion levels in buildings. Contamination of 
the air in buildings comes largely from 
episodic releases during maintenance work 
or from physical abuse to the material. The 
very act of sampling alters the likelihood of 
such activities. Building maintenance or op- 
tional repair work will not be scheduled by a 
building manager when sampling is in pro- 
gress. Sawyer (13) showed that the magni- 
tude of episodic releases could be substan- 
tial. Concentrations ranging from 1 to 18 
fibers per cubic centimeter were measured 
during the changing of light fixtures or 
removal of a ceiling panel. Both x-ray abnor- 
malities and pulmonary h c t i o n  deficits 
have been associated with asbestos exposure 
among school custodians (14), demonstrat- 
ing the fact of past, widespread exposures in 
buildings. Indeed Mossman et al, state that 
"brief, intense exposures to asbestos might 
occur to custodians and service workers in 
buildings. . . ." 

Mossman et al. dismiss concern about 
asbestos exposures of 0.002 fiber per cubic 
centimeter, a level 11100 the allowed occu- 
pational level and approximately ten times 
greater than background asbestos levels. 
However, it has been calculated by three 
U.S. agencies [the Consumer Product Safety 

Commission (CPSC), the National Acade- 
my of Sciences, and the Environmental Pro- 
tection Agency (EPA)] (3, 15) that the 
lifetime risk for a 13-year exposure, begin- 
ning at age 5, ranged from 4 to 12 asbestos 
cancer deaths per 100,000 individuals ex- 
posed to a concentration of 0.002 fiber per 
cubic centimeter. For a school population of 
20 million pupils, this translates into 800 to 
2400 excess cases of cancer. When evaluat- 
ing widespread environmental risks, one 
must focus on the population risks rather 
than the individual risks. Fortunately, be- 
cause of action already taken, the average 
asbestos concentration in most school build- 
ings is less than 0.002 fiber per cubic centi- 
meter. However, even if the exposures in 
schools were as low as the 0.00024 suggest- 
ed by Mossman et al., the lifetime mortality 
for the current school population would still 
range from 100 to 300 asbestos cancers. 

Finally, we consider the risk assessment 
projections of Mossman et al, in an ethical 
context. Rather than comparing asbestos 
risks (which are involuntary) with voluntary 
risks (smoking, school football) or risks that 
remain high despite expenditures of sub- 
stantial public and private money (aircraft 
and highway accidents), we suggest compar- 
ing them with other involuntary, environ- 
mental risks that are controlled by regula- 
tory agencies (pesticide exposures, drinking 
water contamination). In a review of regula- 
tory actions taken by the Food and Drug 
Administration, the CPSC, and the EPA 
(14, it was found that when the population 
risk exceeded one death per year, the indi- 
vidual lifetime risk was usually regulated if it 
exceeded one per 1 million for a lifetime 
exposure. Only 8 of 31 carcinogenic expo- 
sures that exceeded this level were not regu- 
lated. The eight involved four agents: sac- 
charin, atlatoxin, formaldehyde, and polycy- 
clic organic matter. Average asbestos school 
building lifetime cancer risks range from 0.5 
to 10 per 100,000 for only a 13-year expo- 
sure. In some schools with particular prob- 
lems the risk could be higher. Thus, the risks 
that the EPA is attempting to reduce in 
school buildings by their Asbestos Hazard 
Emergency Response Act regulation (17) 
are in the mainstream of regulatory action 
taken by the U.S. government. The EPA 
does not require that asbestos be removed in 
school buildings or suggest that it be re- 
moved "haphazardly." It requires that build- 
ings be inspected for asbestos and, if asbes- 
tos material is found, an operations and 
maintenance program be put in place. The 
program involves notification of the public 
and building occupants, training of workers 
to prevent release of asbestos during mainte- 
nance activities, and repair of damaged as- 
bestos material or its replacement, if future 
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damage cannot be prevented. Removal is 
the option of last resort, and it is to be 
performed only when other approaches are 
not feasible or have failed. When removal 
must be undertaken, the EPA requires that 
it be conducted in a highly regulated manner 
that, if followed, will minimize risks to 
workers and prevent residual contamina- 
tion. 
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Table 1. Average indoor concentrations of airborne asbestos fibers longer than 5 micrometers. 

Sites Number of Number of Structures/ 
buildings samples cm3 

GSA buildings 
No ACM* 6 42 0.0 
Undamaged ACM* 6 42 0.00007 
Damaged ACM* 37 256 0.00008 

71 schools 71 328 0.00024 
Minnesota universities 34 170 0.00003 
Maryland public buildings 72 91 0.00009 

*Differences in these concentrations among three groups of buildings are not statistically significant. 

The article by Mossman et al. contains 
data on airborne asbestos in buildings from 
two sources: a survey conducted by the 
Environmental Protection Agency (EPA) of 
Government Services Administration 
(GSA) buildings and data from 71 schools 
involved in impending litigation regarding 
the presence of asbestos-containing building 
products. The levels reported by Mossman et 
al. for the GSA buildings were incorrectly 
identified as pertaining to asbestos struc- 
tures longer than 5 micrometers, whereas in 
reality the figures were for total asbestos 
structures (1). Thus, the airborne concentra- 
tions in GSA buildings were lower than 
reported by Mossman et al. Table 1 contains 
the correct average levels from the GSA data 
along with data from the 71 schools. Also 
included are previously unpublished data 
from Minnesota state university buildings 
and Maryland state buildings; these data 
were generated in connection with impend- 
ing litigation and were collected and ana- 
lyzed by the same organizations employing 
exactly the same protocols as those used in 
the 71-school study. 

On the basis of the study used by Moss- 
man et al. to estimate annual death rates 
from asbestos exposure and other activities, 
the expected number of premature deaths 
among students exposed for 6 years to 
0.00024 structure per cubic centimeter 
longer than 5 micrometers is 0.36 per mil- 
lion (2). By the same methods, the risk from 
20 years of occupational exposure to 0.00007 
structure per cubic centimeters longer than 5 
micrometers is 0.43 per million. 

In comparison, by combining the Nation- 
al Council on Radiation Protection estimate 
of the radiation exposure from naturally 
occurring radionuclides in masonry building 
products (3) with the BEIR V committee's 
potency estimates (4), one obtains a lifetime 
risk of 15 per million from 6 years of school, 
and 46 per million from 20 years of work in 
masonry buildings. These risks, which do 
not include the much larger risks from radon 
(4), are 40 to 100 times larger than the 
corresponding risks from exposure to asbes- 
tos in buildings. 

Concern has been raised that airborne 

levels may be increased during brief periods 
due to disturbance of asbestos materials and 
that these increases may not be reflected in 
routine monitoring. However, the data in 
Table 1 are based on a total of 1185 sam- 
ples, each collected over a period of two 
consecutive days during normal building 
activities, which cumulatively are equivalent 
to more than 3 years of continuous sam- 
pling. These data therefore suggest that such 
disturbances either occur infrequently or 
else do not produce high exposures. 

KENNY S. CRUMP 
Clement Associates, Inc., 

1201 Gaines Street, 
Ruston, LA 71270 
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Response: Brody presents his work with 
mice and rats as "a body of experimental 
data" showing a "significant pathobiological 
response in the lung" after a single, intense 
exposure to chrysotile asbestos (1). He then 
attempts to compare these rodent inhalation 
studies to asbestos exposures encountered 
by janitors changing light bulbs and teachers 
venturing into "dusty corners." His argu- 
ments are flawed. While Brodqs work 
shows morphometric changes and an in- 
crease in incorporation of tritiated thymi- 
dine by a variety of cell types in rodent lungs 
after inhalation of chrysotile, he does not 
mention that labeling in asbestos-exposed 
lungs returns to normal levels that persist 
throughout the 30-day observation period. 
Brody demonstrates no fibrotic lesions by 
accepted functional and histopathologic cri- 
teria (2). These asbestos-induced mitogenic 
responses reflect acute reversible changes 
and have no necessary relation to the devel- 
opment of fibrosis. In Brody's 
experiments, animals were exposed for 1 and 
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5 hours to astronomical airborne concentra- 
tions (hundreds of billions of fibers per 
cubic meter of air) (3) of chrysotile. We are 
hard-pressed to envision a comparable situa- 
tion in which teachers or students would 
remain for extended periods of time in dust 
clouds where vision would be significantly 
impaired. 

Brody appropriately raises the issue of 
potential exposure of maintenance and cus- 
todial staff to asbestos-containing materials 
(ACM) in buildings. The Occupational 
Safety and Health Administration (OSHA) 
has said that these workers are entitled to the 
coverage of the OSHA Asbestos Standard 
for Construction (4). This permanent stan- 
dard has provisions for initial determination 
of exposure, a permissible exposure limit for 
airborne asbestos, work practices, personal 
protective equipment, and medical surveil- 
lance procedures. As with other OSHA 
standards, the employer is responsible for 
ensuring adherence to the provisions of the 
standard. In buildings, this responsibility 
falls to the school board. The asbestos stan- 
dard was amended in 1986 (4). The agency 
usually allows 60 days for those covered to 
comply. Building owners and School Boards 
not using operations and maintenance 
(O&M) plans that protect maintenance and 
custodial personnel are in technical violation 
of the standard. Each building must be 
evaluated for appropriate protective mea- 
sures. Our experience indicates that some 
buildings require few and relatively simple 
procedures, while others require more elab- 
orate procedures. There is no "universal" 
O&M plan to effectively protect mainte- 
nance and custodial personnel. 

We appreciate the opportunity to reply to 
the misinterpretations of data and argu- 
ments presented by Nicholson et al.  We 
were unable to contact McDonald concern- 
ing the "67 or more" cases of mesothelioma 
that have occurred among Canadian chryso- 
tile miners and millers. Unfortunately, ab- 
stracts and papers from McDonald and oth- 
er presenters at the referenced conference 
( 4 ,  which was organized by the Mount 
Sinai group, were neither invited nor pub- 
lished individually or in a summary. Howev- 
er, the recent review (6) cited in our article 
shows that among the 53 chrysotile-induced 
pleural mesotheliomas recorded in the litera- 
ture, 10 were from industry (with suspicion 
of mixed chrysotile and amphibole expo- 
sure) and 41 were miners in geographic 
areas where tremolite was a natural contami- 
nant of the chrysotile ore. We note that "the 
relative ratio of tremolite to chrysotile fibers 
in the lungs of Canadian miners and millers 
is related directly to their risk of developing 
mesothelioma (7) ." 

Nicholson et a l .  present criticisms con- 

cerning the "fallaciousness of the tissue bur- 
den argument" in drawing conclusions 
about the importance of fiber type in the 
development of mesothelioma. Our conclu- 
sions are based primarily on a review of the 
epidemiology of mesothelioma mortality in 
cohorts of workers exposed predominantly 
to "chrysotile-only," amphiboles alone, or 
mixed concentrations of fibers (amphibole 
plus chrysotile). We emphasize that most 
mesotheliomas judged in "chrysotile only" 
exposed individuals were actually amphi- 
bole-related, as confirmed by lung tissue 
fiber types and geological data. If tremolite 
contamination is indeed the agent of meso- 
thelioma in Canadian miners and millers, 
then it is logically necessary that extremely 
high concentrations of chrysotile deliver a 
critically important dose of tremolite to the 
lung. We do agree that the data on the 
different pathogenic potential of asbestos 
types in the causation of lung cancer is less 
compelling than that for mesothelioma. 

As we stated, South Carolina asbestos 
textile workers exhibit "a striking increase in 
lung cancers with duration of exposure 
when compared to Canadian chrysotile min- 
ers and millers." Most of the asbestos to 
which the textile workers were exposed was 
Quebec chrysotile. However, airborne dust 
levels in the textile plant were estimated (as 
air concentrations of fibers were unavail- 
able) as one-tenth of those encountered in 
mines and mills, an observation supporting 
the data that numerical concentrations of 
asbestos fibers in lung were higher in miners 
and millers than in textile workers. Length 
and diameter distributions of chrysotile and 
tremolite fibers in these worker populations 
were similar ( 8 ) .  Thus, one cannot attribute 
lung cancers in these textile workers to 
increased exposure or differences in fiber 
size. However, there are two potential ex- 
planations for increased lung tumors in 
workers in this textile plant. First, mineral 
oils and hydrocarbons may be inculpated, as 
was first suggested by Harington (9)  and 
later by the McDonalds (8). We realize that 
this explanation has not been verified. Sec- 
ond, the plant in question was unusually 
dirty, as burlap bags were employed to trap 
asbestos fibers and were beaten by workers 
to recycle these fibers. 

Nicholson et a l .  incorrectly interpret the 
rodent inhalation studies by Wagner et a l .  
(10) as concluding that the greatest numbers 
of cancers were produced in these studies by 
equal exposures to chrysotile. In fact, num- 
bers of asbestos-induced mesotheliomas in 
these rats were low (four in crocidolite- 
exposed rats, none in Rhodesian chrysotile- 
exposed rats, and four in Canadian chryso- 
tile-exposed rats) and equivalent to numbers 
occurring spontaneously in this species (1 1). 

The majority of asbestos-induced lung tu- 
mors were adenomas also occurring in con- 
trol rats. We emphasized that rodents were 
exposed to greater numbers of chrysotile fi- 
bers in comparison to amphibole fibers on 
an equivalent weight basis (3). 

We do not make the assertion that amphi- 
boles more readily penetrate the pleura, nor 
do we repudiate a publication by one of us 
(J.B.) showing that short chrysotile fibers 
outnumber long amphibole fibers in pleural 
tissues (12). In this study, all fibers found in 
the parietal pleura were short (1  to 2 micro- 
meters in length) Fibrils inactive in bioas- 
says of cell transformation and carcinogene- 
sis (12). No reference is provided by Nichol- 
son et al .  to substantiate their statement 
"that most mesotheliomas occur in the pari- 
etal pleura." 

Nicholson et al.  dismiss the results of in 
vitro experiments that used bacterial systems 
and mammalian cells because asbestos fibers 
are added to intact cells. They quote studies 
from their laboratory in which chrysotile 
fibers pre-incubated with naked DNA were 
used to transfect monkey kidney cells as a 
mechanism related to human cancer (14). 
We cited this paper and a similar study 
exploring asbestos-mediated transfection by 
viral RNA into mammalian cells (15) in our 
article. In the latter work, the efficiency of 
chrysotile asbestos fibers in transfection was 
compared with that of a number of asbestos 
and nonasbestos particulates. Under these 
circumstances, chrysotile asbestos was inter- 
mediate in rank (as was calcium phosphate) 
when compared with equal concentrations 
of a number of insoluble particles and fibers. 
The most efficient facilitators were kaolin 
and talc. Several epidemiologic studies on 
kaolin and talc workers exist, none of which 
have documented an increased cancer risk in 
individuals exposed to asbestos-free miner- 
als. (16). 

To assert that analytical techniques mea- 
suring asbestos-in-air on filters are "inade- 
quate" because asbestos fibers were not ob- 
served in 83% of the samples, is incorrect. 
This observation merely indicates that fi- 
bers, if present, are at concentrations below 
the analytical sensitivity. As we indicated, 
the concentrations of asbestos-in-air report- 
ed in recent studies differ from those report- 
ed earlier, presumably because of differences 
in transfer techniques associated with sam- 
ple examination in the transmission electron 
microscope, and not because of the possibil- 
ity of analytical error. Comparisons between 
four studies of asbestos-in-air concentra- 
tions were recently presented by Chesson 
(17), who discussed the reasons for discrep- 
ancies in results and concluded that "levels 
are generally low," which is one of the major 
points of our paper. 
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The concept of "episodic" releases in 
buildings to support criticisms of air sam- 
pling as "snapshots in time" does not bear 
close scrutiny. Crump and Farrar (18) used a 
statistical approach to demonstrate that it 
was unlikely that not a single elevated con- 
centration resulting from episodic release 
was detected in the Environmental Protec- 
tion Agency (EPA)-sponsored study of 
buildings. It is more likely that releases of 
fibers resulting from intrusion of ACM cre- 
ates elevated airborne fiber concentrations 
in close proximity to the source, but mixing 
with air results in rapid decrease of the 
concentration distant from the source. Thus, 
O&M programs are targeted to protect 
maintenance personnel from these short- 
term potential releases. The work of Sawyer 
(19) was based on phase contrast microsco- 
py, a technique incapable of differentiating 
between asbestos fibers and other fibers. 
This is the more than likely explanation for 
the high concentrations he reported for 
short-term episodic releases. 

Nicholson et al. cite an abstract by Oliver 
et al. (20) upon which they base their con- 
clusions that "x-ray abnormalities and pul- 
monary function deficits have been associat- 
ed with asbestos exposure among school 
custodians." We agree that some plaques 
occur in maintenance workers, but asbesto- 
sis is rare and, if present, is mild. We 
emphasize that this situation of asbestos 
exposure must be addressed under OSHA 
standards. 

The lifetime risk estimates by U.S. gov- 
ernment agencies in the past have been 
calculated from amphibole or mixed-fiber 
exposures and at fiber concentrations great- 
er than actual fiber levels in buildings and 
schools. Regardless, the EPA estimate of 
risk for exposure to mixed fibers at 0.00024 
fibers per cubic centimeter of air starting at 
age 5 and lasting for 13 years is approxi- 
mately 4.8 lifetime deaths per million. Aver- 
aged over 70 years of remaining life (from 
age 5), this is less than 0.1 per million on an 
annual basis, or less than one in 10 million 
(and most of these are late in life) (21). 

We understand the distinction for regula- 
tors between voluntary and involuntary 
health risks and recognize that society must 
make these choices. However, for both the 
general public and schoolchildren, all avail- 
able scientific evidence indicates that ambi- 
ent asbestos levels in air cannot cause asbes- 
tosis. In the 17,800 insulation workers with 
mixed-fiber exposure, 467 of 471 lung tu- 
mors were found in smokers (22). Whether 
the four tumors observed in nonsmokers 
occurred in smokers who quit or in those 
exposed to smoking passively is not clear. 
Nevertheless, if these observations are ex- 
trapolated to the environmental situation 

where concentrations of asbestos fibers in 
air are many thousands of times lower than 
those in past occupational settings, the ap- 
portionment of risk resulting from smoking 
increases dramatically. For these reasons, to 
suggest that asbestos in buildings causes 
lung cancer in the absence of smoking (a 
voluntary risk) is ill-founded. We emphasize 
that the risk of mesothelioma in the absence 
of amphibole exposure in schools and build- 
ings is miniscule. Nicholson is on record as 
stating that "a few fibers [asbestos] will 
eventually cause disease" (23). Furthermore, 
his colleagues have described (24) asbestos 
in buildings as "the third wave of asbestos 
disease." Such emphasis is, in our opinion, 
scientifically invalid. 

We agree that the EPA is now indicating 
that, in most cases, the best solution to 
ACM in buildings is to leave it in place and 
manage it with an O&M plan (25). The 
EPA now states that "the health risks to 
building occupants. . . appears to be low," 
and "removal is often not a building owner's 
best course of action" (26). When the agen- 
cy issued its initial guidelines, school admin- 
istrators were instructed to use an algo- 
rithm, later demonstrated to be invalid (27). 
The algorithm did not appear in later asbes- 
tos guidance documents from the agency, 
but it set the tone for subsequent emphasis 
on removal because its use usually resulted 
in a score that dictated that action, namely 
removal, be taken. The growth of the asbes- 
tos removal industry t; its present $3.5 x 
lo9 gross sales per year (in 1989) stems 
largely from this early approach to the prob- 
lem-an approach that ignored the role of 
air sampling in risk assessment that would 
place the problem in perspective. To imply 
that the asbestos removal industry operates 
on the principle that "removal is ;he bption 
of last resort? is incorrect. Before publica- 
tion, we discussed with the Science editors 
our public, governmental, consultative, and 
legal activities that have been on behalf of 
labor, school boards, and industry. The 
vague accusations of Samuels are politically 
orientated and unfounded. Our main obiec- 
tive as scientists in this field has been (and 
will continue to be) to protect the health of 
workers exposed to asbestos. 

We thank Crump for the additional infor- 
mation and corrections to air sampling data 
provided in table 1 of our article. 
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Cooling Towers, Not "Smokestacks" 

Unless engineering practices in East Ger- 
many differ substantially from those in the 
West, the figure accompanying Jeremy 
Cherfas' article "East Germany struggles to 
clean its air and water" (20 Apr., p. 295) 
shows cooling towers, not the smokestacks 
the caption indicates. The distinction is 
more than semantic: the visible plumes from 
cooling towers are principally water, rather 
than the smoke that is the article's subject. 
Cooling towers are a sign that water is being 
recycled, actually minimizing a plant's im- 
pact on at least the aqueous environment. 

WARREN H. WHITE 
Centerfor Air  Pollution Impact and 

Trend Analysis, 
Washington University, 
S t .  Louis, MO 63130 

Enaturn: In the report "Genomic sequencing and 
methylation analysis by Ligation mediated PCR" by G. P. 
Pfeifer, S. D. Steigenvald, P. R. Mueller, B. Wold, and 
A. D. Ri gs (10 Nov. 1989, 8 lo) ,  reference 7 should 
have r e a t  "P. R. MueUer ancfb. Wold, Science 246, 780 
(1989)." 

Enaturn: In the research arricle "In vivo footprinting of 
a muscle specific enhancer by ligation mediated PCR" by 
P. R. Mueller and B. Wold (10 Nov. 1989, 780), an 
error was inuoduced after the galley proof!.were ap- 
proved by the authors. The ninth sentence of the legend 
for figure 2 contained an error in the concentration of 
deoxynucleoside mphosphate. It should have read, "Hy- 
bridization was stopped by transferring to ice; a solution 
of 7.5 pI of 20 mM MgCI*, 20 mM dithiothreitol 
( D m ) ,  and 0.2 mM of each deoxynucleoside mphos- 
phate (dNTP) was added. . . ."The printed version read, 
". . . 0.02 mM of each deoxynucleoside uiphosphate 
(dNTP). . . ."This erroneous tenfold reduction in dNTP 
concentration may have a significant negative impact on 
the eiiiciency of the first strand svnthesis reaction and 
therefore on the ultimate success of the ligation mediated 
PCR procedure. 

Enaturn: In Robert Pool's article "Freshman chemistry 
was never like this" (News & Comment, 13  Apr., p. 
157), the description of physicist Theodore Ducas' 
teaching at WeUeslev College contained an error. The last 
sentence of the second paragraph on page 158 should 
have read, 'They [the srudents] can see for themselves 
that masses in a gravitational field really do  move in a 
parabola . . . and also that their horizorltal [not vertical] 
velocity remains constant throughout the motion." 

Enaturn: The photograph of a mechanical Tricerato s 
in the issue of 20 April (Briefings, p. 307) was taken &. 
Chip Clark of the Smithsonian Institution. 
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