
"That letter disqualified them," he said. 
"If we'd tried to appoint them we'd have 
had resignations from half the com- 
mittee." 

The episode has led some participants 
to question the adequacy of the Acad- 
emy's procedures for uncovering bias 
among prospective committee members. 
The list of names from which the com- 
mittee was chosen was generated primar- 
ily by the Academy staff with help from 
relevant consultants, and Hastings add- 
ed some names of his own. Then Has- 
tings, after analyzing a list of the fields of 
expertise needed and the potential can- 
didates from those fields, indicated 
whom he wanted as committee mem- 
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bers. Hastings told Science, "I person- 
ally wasn't sensitive to any stands taken 
by these people." 

Hastings' recommendations then had 
to gain the approval of other key figures 
in the Academy. But it was only after the 
committee members were appointed that 
they were asked to fill out bias state- 
ments indicating, among other things, 
any views they might have expressed 
publicly on the issues to be considered 
by the committee. By that time, it would 
have been embarrassing to ask anyone to 
withdraw, though Academy officials say 
they have done so on occasion in the 
past. 

Some Academy representatives are 
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suggesting that appointments should be 
made conditional upon review of the bias 
statement, but others consider it pre- 
sumptious to ask scientists to reveal 
their stockholdings, commercial affilia- 
tions, grant support, and other such mat- 
ters if they are not sure they will actually 
be appointed. And for every scientist 
who wants to tighten up the bias proce- 
dure, there is another who wants to 
weaken it. Schwan, for example, consid- 
ers it "an awful thing" for the Academy 
to ask what stands he has taken on an is- 
sue. "It intimidates my freedom of ex- 
pression," he said. "Where's the border- 
line between such things and what hap- 
pens in Russia?"-PHILIP M. BOFFEY 
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Chemical Carcinogens: Industry 
Adopts Controversial "Quick" Tests 

Chemical Carcinogens: Industry 
Adopts Controversial "Quick" Tests 

For generations, industry has been in- 
troducing new chemicals into the envi- 
ronment in staggering numbers without 
really knowing whether they might be 
hazardous. And the public, assuming 
there was nothing to be done, or not 
thinking about it, has passively tolerated 
the situation. But then the environmental 
movement came along, as did the calcu- 
lations by epidemiologists that a large 
proportion of all cancers are environmen- 
tally caused. As a result, there has been 
growing pressure to force industry to 
evaluate new chemicals before they are 
released, on the theory that safety should 
be tested in the laboratory and not in the 
environment. And there is a good chance 
that Congress this year will pass the 
Toxic Substances Control Act that would 
mandate premarket testing (Science, 13 
February). 

The major impediment to premarket 
testing has been the lack of a test system 
that is reliable, fast, and cheap. How- 
ever, during the past few years some 
progress has been made in that area, 
largely because of the leadership of bio- 
chemist Bruce Ames of the University of 
California, Berkeley. Ames developed a 
simple system for taking a quick look at 
the mutagenic, and by implication, car- 
cinogenic, properties of chemicals. 

No one yet is sure just how reliable a 
predictor the Ames test-a bacterial sys- 
tem-is, but it is generally thought to be 
the best available of its type. In view of 
the probable passage of the Toxic Sub- 
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stances Control Act, the chemical in- 
dustry has begun, during the past year or 
so, to use the Ames, and other quick 
tests, on its own in order to get some 
idea of the safety of new products. In the 
process, industry itself may help to 
answer questions about the value of vari- 
ous types of screening systems by gener- 
ating sufficient volume of data on which 
to base scientific judgments. 

At present, the only officially recog- 
nized way to test a chemical for carcino- 
genicity is to see whether it causes can- 
cer in laboratory animals, which takes 2 
to 3 years and costs about $100,000 per 
chemical. Citing the time and money in- 
volved, industries have been notoriously 
reluctant to routinely screen new prod- 
ucts in animals. On the other hand, they 
hesitate to invest huge sums of money in 
the development of new products with- 
out knowing whether those products will 
later be banned as carcinogens. There- 
fore, industries have seized on a variety 
of quick and inexpensive tests that, they 
hope, will tell them whether substances 
are carcinogens. This has led to a curious 
situation in which industries are implicit- 
ly endorsing the tests at the same time 
that scientists and legislators deliberate 
over whether companies should be 
forced to use them. 

The extensive use by industries of 
these quick tests is hailed by many scien- 
tists as a change in the tradition of wan- 
ton release of chemicals into the environ- 
ment even while debate continues on 
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how to evaluate potentially harmful sub- 
stances in accord with the pending Toxic 
Substances Control Act. Ames reports 
that 60 or 70 major companies, including 
such giants as American Cyanamid, Inc., 
Merck Sharp & Dohme, and Dupont 
have asked him to supply them with the 
strains of salmonella bacteria he uses in 
his system. Numerous other firms do not 
test their products themselves but send 
them to commercial laboratories for test- 
ing. 

Companies are reluctant to discuss 
their uses of the quick tests, but Ames re- 
lates one story told to him by investiga- 
tors at American Cyanamid's agricultural 
division. It seems that American Cyana- 
mid found what looked like a promising 
new pesticide that turned out to be highly 
mutagenic when tested in Ames' bacte- 
rial strains. Not willing to just drop their 
new product the investigators of Ameri- 
can Cyanamid took a second look and 
found that this mutagenic effect was due, 
not to the primary chemical but to an 
impurity in the pesticide. Now, Ames 
reports, the company has removed the 
mutagen from the pesticide and has deci- 
ded that it is worthwhile to go the full 
route with the purified product by testing 
it in animals. 

The Ames test is based on the pre- 
sumption that many cancers are related 
to mutations or some sort of damage to 
the DNA of a cell and, therefore, that 
agents that are mutagenic are likely to be 
carcinogenic as well. After searching 
through innumerable bacterial strains, 
Ames hit upon some mutants of Salmo- 
nella typhimurium that have lost the 
ability to make the amino acid histidine. 
Consequently, in a histidine-free culture 
medium, these bacteria cannot grow. 
What Ames has shown is that, when 
these bacteria are exposed to mutagenic 
chemicals, they undergo additional muta- 
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tions that can have the effect of repairing 
the original defect. What it amounts to is 
that in the presence of a mutagenic chem- 
ical, the bacteria begin to grow again, 
forming colonies that show up as white 
spots. A particularly handy feature of the 
test is that powerful mutagens will cause 
a larger number of bacteria to revert than 
will less potent ones, thereby providing 
at least some indication of how poten- 
tially hazardous a suspect chemical may 
be. The test is cheap-it costs only $200 
per chemical-and fast-it can be com- 
pleted in 3 days. 

Other quick assays for mutagenic 
chemicals are based on yeast, fruit flies, 
and mammalian cells grown in culture. 
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At present, no other assay is as widely 
used as the Ames test, but each is being 
studied extensively. 

Commercial laboratories report that 
the recent interest by industries in quick 
tests has provided them with a substan- 
tial increase in business. David Brusick 
of Litton Bionetics in Kensington, Mary- 
land, says that his firm has had some con- 
tracts to screen chemicals for the past 
2 years but that the vast majority of its 
clients have been signed up in the past 
few months. Now Litton Bionetics does 
the tests for about 50 companies. Clients 
include pharmaceutical companies, man- 
ufacturers of agricultural chemicals, pro- 
ducers of pigments and dyes, and other 
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companies that may be marketing toxic 
substances. 

Litton Bionetics, like most other com- 
mercial laboratories, offers its clients a 
range of quick tests, including the Ames 
test, which is almost always performed 
first. In many instances, a firm is told 
that its chemical is mutagenic in the Ames 
test and will then request other quick 
tests of the chemical before deciding 
what course of action to take. The cost 
of a whole battery of tests is less than 
one-tenth of the cost of a cancer test 
in which laboratory animals are used. 

The widespread use of the Ames test is 
a tribute to the decade of work put in by 
Ames and his associates. They have 
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Medical Devices Law Is on the Books at Last Medical Devices Law Is on the Books at Last 
Congress has finally given the Food and Drug Adminis- 

tration explicit authority to regulate medical devices in a 
law signed by the President at the end of May. The event 
concluded 15 years of intermittent congressional efforts to 
fill a regulatory gap that was becoming ever more evident 
with leaping advances in medical technology. 

Efforts to pass a devices law began in earnest following a 
1970 report by a study group at the Department of Health, 
Education, andWelfare, which revealed that medical de- 
vices had been implicated in 10,000 injuries and 731 deaths 
between 1963 and 1969. Most of the deaths resulted from 
malfunctioning heart valves and pacemakers. 

The new amendments to the Food, Drug and Cosmetic 
Act for the first time empower FDA to review and approve 
high-risk devices before they go on the market. The law 

puts all medical devices from tongue depressors to artificial 
organs into three categories. Classification, to be done by 
outside panels appointed by the secretary of HEW, will be 
made according to the potential danger of each device and 
the availability of information sufficient to formulate safe 
standards governing its design, manufacture, and use. 

Devices put in class III, the most stringent category, will 
require FDA clearance before they are marketed. This ap- 
plies to devices that are deemed to be life supporting or life 
sustaining or are implanted in the body. Class II devices 
must conform to standards to be promulgated either by 
groups from outside the government or by the government. 
Class I devices are subject to "general controls," which 
means they basically won't be regulated any more than 

they are now. This is equivalent to the "generally recog- 
nized as safe" designation for food additives. 

Until now, the only explicit statutory authority the FDA 
has had to regulate devices has come from the 1938 drug 
law which permits the agency to take action against any de- 
vice found to be "misbranded" or "adulterated." In 1969 
the concept that devices could be regulated as drugs within 
the law was elaborated by a Supreme Court decision which 
ruled that Bacto-Unidisk, a paper disk used for testing bac- 
terial sensitivity to drugs, should be classified as a drug. 
But since then, only a handful of devices, such as copper 
IUD's and soft contact lenses, have been regulated as 
drugs. 

According to a lawyer on the staff of Senator Gaylord 
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Nelson (D-Wis.), who is largely responsible for strengthen- 
ing the bill from its earlier versions, what the new law does 
is shift the burden of proof that a device is safe and effec- 
tive from the FDA (which only had the power to intervene 
after a device was on the market) to the manufacturer. The 
law requires that every "new" device-that is, every one 
that is introduced after passage of the law and is not "sub- 
stantially equivalent" to something already in use-must 
be automatically put in class III. From there, panels have 6 
months to decide whether to approve it and whether to re- 
classify it in class I or II. All "old" devices-those already 
on the market-that are implantable or life sustaining also 
go into class III. Their manufacturers are given 3 years 
from the date of the law's enactment to get marketing ap- 
proval. Devices now covered by new drug applications 
would also probably go into class III. 

Passage of the law has taken a remarkably long time con- 
sidering the fact that some sort of legislation has been wide- 
ly thought to be not only desirable but inevitable. Even de- 
vice manufacturers have supported it as being far prefer- 
able to alternative and even more stringent regulatory 
procedures. Their main complaint about the new law, ac- 
cording to a spokesman from the Pharmaceutical Manufac- 
turers' Association, is that class III is unnecessarily broad 
and that the restrictions in this class will impede the flow of 
new devices onto the market. 

As for consumer advocates, the chief problem, accord- 
ing to attorney Anita Johnson of Ralph Nader's Health Re- 
search Group, is that the major classification decisions are 
to be made by committees of nongovernment personnel. 
Johnson believes outsiders are more lax and subject to con- 
flicts of interest, and that the only way to ensure account- 
ability is to keep all responsibility on the backs of public 
servants. "We must decide whether we want outsiders to 
be making basic public health decisions," she says. John- 
son also calls the standards-setting procedures "a Rube 
Goldberg machine" that offers numerous opportunities for 
industry interests to create obstructions and delays. 

The new law covers about 12,000 devices, products of a 
more than $3-billion-a-year industry. According to an FDA 
official, about 10 percent of all devices would go into the 
premarketing approval category and half would be allowed 
to stay under general controls.-C.H. 
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shown that 90 percent, or 156, of 174 
known carcinogens cause mutations in 
their bacterial strains. By contrast, few 
of the 109 "noncarcinogens" that they 
have tested are mutagens. Because a 
wide variety of classes of chemical car- 
cinogens are mutagens in his system, 
Ames argues that this bacterial test sys- 
tem provides a reliable screen for poten- 
tially harmful chemicals. 

As an example of the usefulness of 
quick tests for carcinogenicity, Ames 
tells the story of a preservative (furofura- 
mide) that was extensively used in Ja- 
pan. It was tested in animals and found 
not to cause cancer. The chemical, how- 
ever, did cause mutations in bacteria. It 
was subsequently retested in animals, 
found to be carcinogenic, and banned. 
Now, Ames reports, bacterial mutageni- 
city tests are extensively used in Japan. 
In particular, the Japanese require that 
all pesticides be shown not to cause mu- 
tations in bacteria. The Japanese are also 
taking very seriously the finding that 
hair dyes are potent bacterial mutagens 
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and are currently trying to develop hair 
dyes that do not have this drawback, ac- 
cording to Ames. 

Despite these arguments in favor of 
the Ames and similar tests, it is by no 
means clear how results of these tests 
are to be interpreted. One problem is 
that, with the data obtained so far, the 
logic behind the test evaluations goes the 
wrong way. Ames can say that 90 per- 
cent of all tested carcinogens are muta- 
gens in his bacterial strains but he cannot 
say what the probability is that a chem- 
ical that is a mutagen will turn out to be a 
carcinogen. 

Some investigators believe that this 
difficulty can be partially remedied by 
the use of more than one test system. A 
positive result in several quick tests 
might carry more weight than a positive 
result in the Ames test alone. Mamma- 
lian cell systems are of particular interest 
to some investigators who believe it 
would be intellectually more satisfying to 
detect DNA damage to these cells or 
transformation of them into tumor cells 
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the use of more than one test system. A 
positive result in several quick tests 
might carry more weight than a positive 
result in the Ames test alone. Mamma- 
lian cell systems are of particular interest 
to some investigators who believe it 
would be intellectually more satisfying to 
detect DNA damage to these cells or 
transformation of them into tumor cells 

than to detect mutations in bacteria. 
Mammalian cell test systems are not yet 
extensively used, however, because 
these tests cost 5 to 10 times more than 
the Ames test and neither they nor the 
other quick tests have the data base or the 
sensitivity of the Ames test. 

Legislators and officials at the Nation- 
al Cancer Institute have expressed inter- 
est in the quick tests but have hesitated 
to endorse any of them because of the 
difficulties in interpreting results. Yet 
rapid and inexpensive screens for harm- 
ful chemicals are needed if the Toxic 
Substances Control Act is to be economi- 
cally feasible. The ultimate solution to 
the problem with the quick tests lies in 
obtaining more data. Then it will be pos- 
sible to correlate results from quick tests 
with results from animal tests for carcino- 
gens in a statistically convincing manner. 
By their recent extensive use of the quick 
tests, industries seem to be making a sub- 
stantial contribution to the data base 
that must exist for these tests to be 
evaluated.-GINA BARI KOLATA 
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Control of nuclear arms is a matter 
about which the public, aware of the gen- 
erally frustrating history of arms negotia- 
tions, has learned to lower its ex- 
pectations. Accordingly, the treaties ne- 
gotiated by U.S. and Soviet officials to 
limit underground weapons tests and 
peaceful nuclear explosions have not 
been awaited with much excitement or 
anticipation. But, now that the Ford Ad- 
ministration is finally ready to submit 
them to the Senate for ratification, these 
treaties give rise to so many doubts and 
objections that many senators will find it 
a close question whether they are margi- 
nally better than nothing or whether 
they are actually worse than nothing. 

The treaties now subject to ratification 
go back to the Moscow summit of July 
1974, Richard Nixon's last hurrah before 
he was forced to resign over Watergate. 
With the strategic arms limitations talks 
still at an impasse, the President seized 
the opportunity to sign a treaty limiting 
underground tests to a certain maximum 
yield or "threshold." 

Had the treaty banned all underground 
tests or even all tests susceptible to 
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unambiguous "verification" by seismic 
monitoring, it would have been ap- 
plauded by the private arms control com- 
munity that is made up in good part of 
groups such as the Federation of Ameri- 
can Scientists (FAS) and the Arms Con- 
trol Association (ACA). (A number of 
former government officials with respon- 
sibilities for arms control are active in 
both the FAS and the ACA.) But the 
treaty Nixon brought back from Moscow 
was instantly put down as a mockery by 
many of these arms controllers, who 
wanted a treaty that would effectively 
discourage further weapons devel- 
opment and inhibit nuclear proliferation. 

By prohibiting testing in the atmo- 
sphere, in outer space, and under water, 
the Limited Test Ban Treaty (LTBT) of 
1963 had stopped the dangerous radio- 
active contamination of the world envi- 
ronment. But the United States and the 
Soviet Union had simply moved their am- 
bitious programs of testing underground, 
and, consequently, the LTBT had con- 
strained the arms race little if at all. 

The Threshold Test Ban Treaty 
(TTBT) signed by President Nixon and 
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General Secretary L. I. Brezhnev in 1974 
clearly would not do much to constrain 
the arms race, either. The threshold, set 
at 150 kilotons, would allow the testing 
of weapons 10 times more powerful than 
the one that destroyed Hiroshima. Also, 
this threshold would bear no relation to 
verification capabilities, which have 
been improved to the point that even ex- 
plosions at yields of 10 kilotons or less 
may not escape detection. 

Furthermore, many arms controllers 
objected strongly to the fact that, per- 
missive as it was, the treaty would not 
take effect until 31 March 1976, thus leav- 
ing time for each of the two superpowers 
to carry out a series of tests at high 
yields. They objected, too, to a glaringly 
evident loophole in the TTBT-"peace- 
ful" explosions, of whatever magnitude, 
were not covered even though such 
explosions can be indistinguishable from 
weapons tests. 

Administration officials acknowledged 
that plugging this loophole was priority 
business. Assurances were given that the 
TTBT would not be submitted for ratifi- 
cation unless it was accompanied by an 
agreement on peaceful nuclear ex- 
plosions, or "PNE's." And, sure 
enough, after a year and a half of hard ne- 
gotiations, a PNE treaty (PNET) was 
signed on 28 May, in ceremonies con- 
ducted simultaneously in the White 
House and the Kremlin. 

After its fashion, the PNET does ad- 
dress some of the concerns of the arms 

1217 

General Secretary L. I. Brezhnev in 1974 
clearly would not do much to constrain 
the arms race, either. The threshold, set 
at 150 kilotons, would allow the testing 
of weapons 10 times more powerful than 
the one that destroyed Hiroshima. Also, 
this threshold would bear no relation to 
verification capabilities, which have 
been improved to the point that even ex- 
plosions at yields of 10 kilotons or less 
may not escape detection. 

Furthermore, many arms controllers 
objected strongly to the fact that, per- 
missive as it was, the treaty would not 
take effect until 31 March 1976, thus leav- 
ing time for each of the two superpowers 
to carry out a series of tests at high 
yields. They objected, too, to a glaringly 
evident loophole in the TTBT-"peace- 
ful" explosions, of whatever magnitude, 
were not covered even though such 
explosions can be indistinguishable from 
weapons tests. 

Administration officials acknowledged 
that plugging this loophole was priority 
business. Assurances were given that the 
TTBT would not be submitted for ratifi- 
cation unless it was accompanied by an 
agreement on peaceful nuclear ex- 
plosions, or "PNE's." And, sure 
enough, after a year and a half of hard ne- 
gotiations, a PNE treaty (PNET) was 
signed on 28 May, in ceremonies con- 
ducted simultaneously in the White 
House and the Kremlin. 

After its fashion, the PNET does ad- 
dress some of the concerns of the arms 

1217 


