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ride compounds to the public water
supply in order to reduce tooth decay in
children. Fluorine, from which fluoride
compounds are derived, is a dangerous
element, and fluoride compounds them-
selves are sold as commercial poisons
for rodent extermination. These facts
have produced considerable confusion
among laymen and have at times pre-
cluded rational discussion of fluoride’s
usefulness in the reduction of dental
caries.

The history of the discovery of this
beneficial property of fluorides is in-
teresting (/). In 1901 research was be-
gun to find the cause of a progressive
discoloration and disfiguration of the
teeth (now technically identified as den-
tal fluorosis). By the early 1930’s the
causative agent was identified as fluo-
rides in the water supply. During the
course of the investigation, however, it
had been noted that despite their mot-
tled teeth, those with dental fluorosis
were enjoying excellent dental health.
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Research then shifted to establishing
the threshold levels for fluorosis and to
documenting the effects of fluorides on
the public’s health. Through elaborate
longitudinal experiments it was shown
that, at dosage levels of one part fluoride
per million parts water, there is approxi-
mately a 60 percent reduction in the
rate of tooth decay in children up to
the age of 16 without any general health
danger to the entire exposed population
(2). In 1950, the U.S. Public Health
Service joined several state public-health
departments in endorsing a national
program for controlled water fluori-
dation (I, p. 74).

The benefits expected from fluorida-
tion are considerable. Tooth decay, al-
ways annoying and often painful, af-
fects an estimated 95 percent of the
United States population. Dental care
accounts for approximately one-twelfth
of combined public and private health
expenditures in the United States (or
about $3 billion in 1964). It has been
estimated that fluoridated water systems,
if available throughout the country,
could in time reduce the national dental
bill by one half (3).

The addition of fluorides to the pub-
lic water supply is not the only method
of obtaining these benefits. Liquids con-
taining fluoride compounds that can be
directly applied to the teeth, and pills
that can be used in the home to fluo-
ridate the family water, are also effec-
tive in the reduction of dental caries.
Fluoridation of the public water, how-
ever, is the least expensive method. An-
nual per capita costs, depending on the
characteristics of the water system, range
from $0.10 to $1.25 (3, 4), in com-
parison with the annual costs of $3 to
$5 per applicant for the liquid or
pill method. Moreover, treatment of the
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public water supply has the added ad-
vantage of impersonal, automatic atten-
tion that guarantees treatment whereas
the individual application of liquids or
pills depends on the conscientiousness
of parents.

Offering what appears to be a well-
tested, relatively inexpensive, and ef-
fective avenue to improved dental
health, fluoridation has received wide
support. In addition to the Public Health
Service the National Academy of Sci-
ences, professional groups affiliated
with the American Association for the
Advancement of Science, the American
Dental Association, the American Med-
ical Association, the United Nations
health units, and the English Health
Service have all endorsed it. Presidents
Eisenhower, Kennedy, and Johnson
have issued public statements calling
for the extension of fluoridation. And
prestigious medical figures such as Paul
Dudley White, Jonas Salk, and Ben-
jamin Spock are listed among its sup-
porters.

Voters and Diffusion of Fluoridation

Despite the endorsements, the years
of research, and the support of the fed-
eral government, public acceptance of
the innovation can hardly be described
as enthusiastic. Sixteen years after the
Public Health Service called for a na-
tional program of fluoridation, only
40.6 percent of the 153,680,000 persons
served by public water supplies in the
United States lived in areas with con-
trolled fluoridation, and only an addi-
tional 6.4 percent lived in areas with

natural fluoridation (5, Table 1, p. 1).
It has been estimated that, since the
benefits of fluoridation became known,
between 75 and 90 percent of all com-
munities over 10,000 in the United
States have considered adoption (6), but
only 773 of the 1899 communities in
this category were actually using con-
trolled fluoridation as of the end of
1966, the latest date for which such
figures are available (5, Table 6, p. 6).
Figures on total adoption disguise the
public’s acceptance of fluoridation.
Most communities that have adopted
fluoridation have done so by adminis-
trative or legislative actions that were
not subject to voter approval (Table 1).
When voters have an opportunity to
express their opinion on fluoridation,
the likelihood of adoption is low. In
the period from November 1950
through December 1966, 952 referen-
dums were held on the issue, and fluo-
ridation was rejected in 566 (5, Table 8,
p. 11). There is no indication that the
rejection rate has lessened significantly
with time. It has been reported as hav-
ing reached 90 percent in 1960 for
cities 10,000 and over in population (7).
Adoption, measured by populations
or number of communities, rose quite
rapidly in the early 1950’s, but began
to taper off by the late 1950’s, as op-
ponents initiated referendum petitions
against fluoridation. Spectacular changes
in the national fluoridation census have
occurred recently; New York City
adopted fluoridation by an unchallenge-
able order from the Board of Estimate,
and proponents won a referendum in
Detroit [by a margin of 7500 in a total
vote of 316,000 (8)l. In most of the

nation, however, the momentum for ac-
ceptance that fluoridation had in the
early 1950°s appears to have been lost.
An analysis of the geographic diffusion
of the fluoridation innovation shows
that since 1955 there has been a re-
tardation in its adoption (7). Over 30
years after being discovered, the bene-
fits of fluoridation have been gained by
less than half of those potentially eli-
gible to receive them.

Arguments against Fluoridation

To appreciate the dynamics of the
controversy it is necessary to consider
the three basic arguments raised against
the introduction of fluoride compounds
into the public water supply. My in-
tention is not to exhaust the case for or
against fluoridation, but rather to ex-
pose briefly some of the problems that
confront the voter.

1) Antifluoridationists deny the ef-
fectiveness of fluoridation in preventing
caries and stress the disfiguring effects.
The justification for fluoridation rests
on statistics gathered in public health
experiments. Antifluoridationists chal-
lenge the validity of these data, empha-
sizing alleged defects in the statistical
controls used to establish fluorida-
tion’s independent effect on dental
health improvements, and selectivity in
reporting of experimental results (9).
The arguments on both sides can be
technically quite complex, and under-
standing them demands some statistical
sophistication. Moreover, while the pro-
ponents deny that there can be any dis-
figuring with controlled fluoridation,

Table 1. Authorization for fluoridation (5, Tables 6 and 7), 31 December 1966.

) Using All . Source of authority to fluoridate
POpﬂ}ﬂﬂOﬂ r:}t!1ge of erxl'nrr?:x);:lr't(ifs controlled Cozifﬂl;xzcs Vboveming Refer- Utilities Other not
communty « 1 fiuoridation size (%) body alone endum commission specified
1,000,000 and over 5 3 60.0 3
500,000 to 999,999 16 8 50.0 7 1
250,000 to 499,999 30 13 433 12 1
100,000 to 249,999 81 35 432 29 4 1 1
50,000 to 99,999 201 82 40.8 67 8 4 3
25,000 to 49,999 432 167 38.7 129 13 4 21
10,000 to 24,999 1,134 465 41.0 363 43 16 43
5,000 to 9,999 1,394 505 36.2 378 40 21 66
2,500 to 4,999 2,152 507 23.6 389 42 16 60
1,000 to 2,499 4,471 620 139 490 39 27 64
Ur;f):i‘if}é(c)loo and not 10,677 740 6.9 568 26 42 104
Total 20,593 3,145 15.3 2,435 216 131 363
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they do admit that with the standard
dosage of one part per million, approxi-
mately 10 percent of the total exposed
population will suffer from mild cases
of fluorosis, a slight discoloration of the
teeth,

2) Antifluoridationists stress health
dangers involved in the use of mass
fluoridation and claim that it contributes
to many disabilities and illnesses (10).
One computation of the health argu-
ments raised by the opponents notes
that several hundred ailments ranging
from cancer to left-handedness have
been attributed to fluoridation (/7). The
antifluoridationists stress that individual
intakes of fluorides can vary consider-
ably at the standard dosage of one part
per million parts of water, not only be-
cause individual water consumption
varies greatly but also because rela-
tively high fluoride dosages are present
. in foods such as tea and fish. They con-
tinually cite the few recorded cases of
deaths that might have been due to
fluorosis (12). The proponents are quick
to point out that areas high in natural
fluoride appear to suffer from no unusu-
al incidence of health problems, and
that to get a lethal dose of fluoride, one
would have to drink 50 bathtubs full
of fluoridated water at one sitting.
Nevertheless, it must be conceded that
one hypothesis about the cause of a
specific ailment is as good as another
until disproven, and that medical sci-
ence knows relatively little about the
long-term effects of continuous fluoride
intake.

3) The antifluoridationists argue
that fluoridation is a mass medication
that infringes upon constitutionally pro-
tected rights of individual liberty and
religious freedom (73). Whether or not
they label the instigators of the in-
fringement as Communists, power-hun-
gry bureaucrats, or well-meaning but
misinformed humanists, the antifluori-
dationists all reject the attempts to
draw an analogy between compulsory
vaccinations, or the addition of chlorine
to the public water supply, and fluorida~
tion. Vaccination and chlorination are
directed, it is argued, toward public pro-
tection from either contagious or fatal
diseases, whereas fluoridation offers only
protection from dental decay, a non-
contagious, nonfatal, personal cosmetic
problem. Although fluoridation has been
challenged in the courts many times,
it has been upheld in all final decisions.
The U.S. Supreme Court, however, has
never placed the issue on its docket.
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Community Characteristics and

Fluoridation

Most social scientists interested in
analyzing the fluoridation innovation
have focused exclusively on . the refer-
endum results, rather than on the factors
that lead to referendums. A number of
studies have sought to relate community
characteristics with voting behavior in
fluoridation referendums (14-19). The
results have been disappointing. As
Gamson and Irons conclude after a
summary analysis of the work on this
topic, the relation between community
variables and outcomes of referendums
on fluoridation is quite weak (I17). The
most powerful multiple correlation of
two variables in any study appears to
be percentage of population over 65
years old and percentage with incomes
under $2000, but even this combination
still accounts for less than 15 percent
of the variance in referendum results
(17).

As noted above, however, most cities
adopting fluoridation do so by adminis-

trative action rather than by referendum.

The analysis of fluoridation that focuses
exclusively upon referendum results ig-
nores a majority of the political deci-
sions involved in the adoption of the
innovation. Although examination of
community characteristics tells us little
about how a particular referendum will
be decided, it does reveal a great deal
about the likelihood that a referendum
will be held at all; and experience has
shown that when a referendum is held,
there is a 60 percent chance that fluori-
dation will be defeated.

Crain and Rosenthal have reviewed a
number of variables to determine what
mode of decision-making a community
would use in considering fluoridation
(20). A central conclusion of their
study of the decision on fluoridation in
communities over 10,000 in population
was that the structure of government
had an important influence on the prob-
ability of adoption through its influence
on the selection of a mode of decision-
making. Governmental structures that
permit relatively greater citizen partici-
pation in public policy formulation tend
to have many referendums and therefore
relatively few adoptions, whereas those
that restrict citizen participation tend
to have many administrative adoptions
but few referendums. Communities that
have a strong executive form of govern-
ment rely on referendums less fre-
quently and adopt fluoridation more by

administrative means than do those that
have a weak executive form of govern-
ment.

By the use of standard classifications
and correcting for regional variations,
Crain and Rosenthal found that com-
munities with a commission form of
government which has a politically
weak collective executive were the com-
munities that were the least likely to
deal effectively with fluoridation, having
both few administrative adoptions and
few referendums. Communities with a
partisan mayor-council form of govern-
ment, which is usually a strong execu-
tive form, adopted fluoridation most
frequently by means of administrative
action and had few referendums on the
issue. In contrast, communities with the
nonpartisan mayor-council form of gov-
ernment which normally leads to more
direct citizen participation in policy-
making had few administrative adop-
tions and many referendums. Finally,
communities with a city-manager form
of government, which combines a po-
tentially strong executive with an ori-
entation toward citizen participation,
were high in both administrative adop-
tions and in frequency of referendums.

The analysis of governmental struc-
tures may help to explain the nearly
perfect correlation between community
population size and the rate of fluorida-
tion adoptions (Table 1). The larger
cities may use governmental structures
that restrict referendum initiatives and
direct citizen participation in public
policy decisions (21). In this sense, big
cities would be formally less democratic
than smaller cities, and democratic pro-
cedures seem to produce inaction on
fluoridation or referendums and possible
defeat. Moreover, as Crain and Rosen-
thal point out, strong executive forms
of government, particularly the parti-
san-mayor form, are more able to avoid
recourse to the voters on policy issues,
and the larger cities frequently have
strong executive, particularly partisan-
mayor, forms of government (22).

Partisanship alone tells a great deal
about the probable outcome of a fluo-
ridation debate (Table 2). Excluding
Houston, Texas, which has natural fluo-
ridation, and Washington, D.C., which
lacks home rule, there were 19 cities
in the United States in 1960 with popu-
lations over 500,000. Eight of the nine
cities that have a partisan mayor-council
form of government adopted fluorida-
tion through administrative decisions
without a referendum. Only two of the
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other cities on the list adopted fluori-
dation administratively, and both of
these cities (Chicago and Cleveland) are
only nominally nonpartisan. The re-
maining nine cities with nonpartisan
or city-manager forms of government
either took no action or were forced into
referendum on the issue. Fluoridation
was defeated in seven of the 11 refer-
endums that these cities held. With po-
litical power centralized in their hands,
Mayor Daley and Mayor Wagner did
not need to consult the voters and
could act on the advice of the leading
public health authorities (23).

Alienation as an Explanation

Research on citizen reaction to the
fluoridation issue has been conducted
largely by social psychologists and has
centered on the alienation hypothesis.
In the social sciences, the theory of
alienation suggests that individuals
who are not socially and politically in-
tegrated into society develop a sense
of powerlessness and seek ways of at-
tacking people whom they perceive as
powerful (24). Fluoridation, it is hy-
pothesized, provides an opportunity for
the alienated to vent their frustrations,
since they are being asked to approve a
proposal clearly supported by the estab-
lishment-—by big science, big govern-
ment, and big business. A vote against
fluoridation, then, is a vote against sci-
ence expertise, modernization, and the
mass society (25).

Support for this hypothesis is offered
in content analyses of antifluoridation
literature, in studies of antifluoridation
leaders, and in attitudinal surveys of the
general population. Davis, for example,

finds in an examination of extremist pub-
lications that antifluoridation is merely
one manifestation of “a latent tendency
toward naturalism” (26). Green, on
the basis of interviews with antifluorida-
tion leaders in six Massachusetts com-
munities, argues that the active oppo-
nents of fluoridation are less concerned
with the specific health issues raised by
the proposal than with the general
threat to the individual presented by
the impersonal instruments (the U.S.
Public Health Service and the Amer-
ican Medical Association) of an in-
dustrialized society (27). The Maus-
ners’ survey of the attitudes of citizens
in Northampton, Massachusetts, just
before a refrendum, led them to con-
clude that antifluoridationists have a
pervasive suspicion of science and sci-
entists (28). Surveys conducted in Cam-
bridge, Massachusetts, by Gamson (29),
and in two small New York State com-
munities by Simmel (30), note feelings
of political alienation and deprivation
among the opponents of fluoridation.
Finally, while finding no evidence to
equate opposition to fluoridation with
an antiscientific attitude, Kirscht and
Knutson, in a survey of citizens of Berk-
eley, California, report that antifluori-
dation attitudes correlate with fears
about the indirect effects of progress in
science (31).

Nevertheless, there are reasons to be
skeptical about the alienation expla-
nation. First, although it is at times
explicitly denied, there is a tendency in
the alienation argument to attribute
the strange and wonderful attitudes of
the antifluoridation leaders to all per-
sons who vote against fluoridation. To be
sure, the analysis of the antifluoridation
literature and interviews with antifluori-

Table 2. Structure of government and the use of controlled fluoridation in cities over
500,000* (20). Numbers in parentheses indicate the number of referendums held.

Action on fluoridation

Administrative

Referendum

No action

adoption Won

Lost

Partisan mayor-council

Baltimore
Buffalo
Philadelphia
Pittsburgh
New York
St. Louis

New Orleans

Nonpartisan mayor-council

Detroit
Milwaukee
San Francisco

Chicago
Cleveland

Seattle (2)

Boston
Los Angeles

City manager (nonpartisan electoral systems)
Dallas Cincinnati
San Antonio (3)
San Diego

#1960 census, Houston and Washington, D.C., excluded. 1 Results through June 1967.
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dation leaders reveal a profound distrust
both of change and of the proponents
of change, but does this necessarily
mean that the voter who casts his bal-
lot against the adoption of fluoridation
holds the same views?

Second, there are problems with the
application of the concept of alienation
to the fluoridation controversy. Some of
the measures of “alienation,” in this
case, could indicate something other
than a lack of social and political inte-
gration. For example, a respondent
ranks higher on a standard alienation
index if he agrees with the following
statement: “Sometimes politics and gov-
ernment seem so complicated that a per-
son like me can’t really understand
what’s going on” (29). The well-inte-
grated, responsible citizen who sought
his own answers on the safety and effi-
cacy of fluoridation would have good
reason to agree with the statement.
Moreover, when a majority of the per-
sons who are described as alienated in
fluoridation surveys report that they be-
lieve the fluoridation problem should
most appropriately be settled by ex-
perts, and when they cannot be dis-
tinguished from the proponents in the
answers to a question on the role of
government in health matters (19, 29,
32), one wonders whether or not the
term “alienation” is descriptive of those
that oppose the adoption of fluoridation.

Third, the available attitude surveys
do not adequately support the aliena-
tion hypothesis. The samples in these
surveys are small and highly biased.
Gamson, for example, reached his con-
clusion on the relation between a per-
ceived lack of political efficacy and an
antifluoridation position through the
analysis of a single, mixed, lower-lower
middle-class precinct in Cambridge (29).
He admits that it is impossible to gen-
eralize from such samples (32). Middle-
class communities also reject fluorida-
tion; according to Pinard they are more
likely both to hold a fluoridation refer-
endum and to reject fluoridation in the
referendum than are other types of
communities (/8). Moreover, in terms
of current sociological and social-psy-
chological research, it is not surprising
to discover that persons who are lower-
class, or who live in a small town or a
community dominated by a prestigious
institution of higher education, express
feelings of political alienation and de-
privation. Until we have more stratified
attitudinal surveys and more informa-
tion on the extent of middle-class alien-
ation, we cannot rely too heavily on the
alienation hypothesis.
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Fourth, there is no support for the
claim that a substantial proportion of
the population rejects science. Actually
the evidence supports an opposite ob-
servation. In general surveys, the pub-
lic gives science a strong endorsement,
with a consistently favorable if not
particularly well-informed opinion of
science and scientists (33). In the fluori-
dation surveys themselves, the oppo-
nents are hardly consistent in their “re-
jection” of science and professional
advice. The fluoridation opponents in
one survey, for example, had a prevent-
ative dental care record (periodic check-
ups) equal to that of the proponents (34).
The public is even predisposed to favor
fluoridation. Opinion surveys taken in-
dependently of and prior to referendum
campaigns show up to four-to-one pro-
fluoridation majorities (35—37). It seems
that only when fluoridation is put to a
vote is science “rejected.”

An Alternative Explanation

Important clues to the fluoridation
puzzie must lie in the referendum cam-
paigns, for it is during this period that
a basically favorable public opinion is
converted into a basically negative one.
An analysis of studies of fluoridation
campaigns (27, 37, 39) suggests that
the shift in opinion is due to confusion
that develops in the minds of the voters.
The voters, although predisposed to
favor fluoridation, are initially quite ill
informed about it. Studies reveal that
even among the proponents there is
much misinformation. Gamson, for ex-
ample, reports that half of the propo-
nents in his sample thought fluoridation
directly increased the dental health of
adults while nearly a third did not know
that fluorides are poisonous in certain
quantities (40). A national survey on the
public knowledge of dental health dem-
onstrated that despite a preponderance
of favorable attitudes toward fluorida-
tion, 56 percent of the respondents were
partially or completely misinformed
about fluoridation’s purpose (35). The
percentage favorable to fluoridation
was slightly higher among those who
held incorrect opinions about its pur-
pose (in all but a few cases mistaking
it for a water purification process) than
among those who could correctly iden-
tify it as a method of reducing tooth
decay (41).

During a referendum campaign, vot-
ers are exposed to the public informa-
tion programs of both opponents and
proponents. Each side purports to be
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presenting an objective survey of avail-
able research material (39). Studies of
public information programs, however,
have shown that increased dissemination
of information can, at times, have the
effect of reversing favorable dispositions
(42). The diminution of support for
fluoridation over the period immediate-
ly prior to a referendum can, perhaps,
be seen in this light. The particular
nature of the information programs on
fluoridation would, more specifically,
seem quite likely to create voter anxiety
due to exposure to the real and dan-
gerous properties of fluorides.

The health officials believe that fluo-
ridation’s safety and efficacy are tech-
nical public health problems, for which
they can present the only legitimate sci-
entific position (43). They do not per-
ceive the antifluoridationists to be ex-
perts in public health problems and on
this basis easily dismiss their argu-
ments. The opponents, however, num-
ber among themselves persons with
scientific or professional credentials. In
most communities there is at least one
doctor, dentist, university science pro-
fessor, or research scientist who will
speak out against fluoridation. Several
of these persons have gained national
reputations through their fight against
fluoridation, and are active in referen-
dum campaigns throughout the country
(44). While the public health officials
may consider these professional anti-
fluoridationists to be marginal at best in
their scientific professions, and to be
speaking outside their particular fields
of competence, the voters might well
consider them to be qualified to discuss
the technical issues and to be granted
the status of fluoridation experts.

In their effort to defeat fluoridation,
the opponents have formed or have ob-
tained support from many organizations
baving particularly impressive names.
The American Academy of Nutrition,
the Association of American Physicians
and Surgeons, the Medical-Dental Ad
Hoc Committee, and the National
Health Foundation have all attacked
controlled fluoridation and have partici-
pated in the campaigns against its
adoption. To the informed citizen as
well as to the public health official, the
National Academy of Sciences, the
American Association for the Advance-
ment of Science, and the American
Dental Association are distinctive, re-
spected, and prestigious organizations
whose opinions and endorsements in
science and health matters carry great,
if not decisive, weight. To the average
voter, however, they are probably not

particularly familiar groups and their
purposes and endorsements are likely
to be confused with those of less solid
organizations.

The proponents do not enhance their
chances when they act as though there
is no legitimate opposition to fluorida-
tion. Voters are socialized to expect two
sides in every election issue. In fluori-
dation referendums the other side is
vigorously argued. To be told that a
certain doctor or scientist has no right
(meaning competence) to speak on what
is obviously a health or science issue
would only increase the voters’ suspi-
cions and fears.

For a fluoridation referendum to be
defeated the voters do not have to ac-
cept completely the antifluoridation ar-
guments; they need only to begin to
wonder about the risks of adoption (37).
The voters do not have to reject com-
pletely the expertise of public health
officials for fluoridation to be defeated;
they need only to perceive the contro-
versy as a dispute among conflicting
experts and to be concerned about the
costs of making a wrong choice. The
fluoridation referendums always provide
the voters with a convenient and safe
alternative. They can postpone adop-
tion, with the knowledge that experi-
mentation will continue elsewhere.

We argue, then, that the voters re-
ject fluoridation not because they are
alienated, but because they are con-
fused. The public, believing the fluori-
dation controversy to be a conflict
among scientific experts, seeks the
safest course. Unable to decide between
what appear to be two contending sci-
entific positions, the voters opt to avoid -
the greatest potential health risks by
defeating the fluoridation proposals.

As in the case of the alienation hy-
pothesis, this hypothesis remains un-
proved. We do not know enough about
the voters’ perception of fluoridation
opponents or their behavior in risky
situations to prove the argument pre-
sented here. We can, however, point to
some possible supporting evidence.
Eighty-three percent of the opponents
in Gamson’s survey said they would
vote for fluoridation if “. . . fluoridation
was shown to be perfectly safe and able
to help peoples’ teeth” (29, 45). The
sample size, of course, is small, but it
does seem to indicate that there is more
to be learned about the voters’ problem
in dealing with specific data in the fluo-
ridation referendums.

The above formulation might help to
explain the unexpected curvilinear re-
lationship between education and vot-
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ing for fluoridation (/7, 32). Educa-
tional levels alone do not provide
enough information to accurately pre-
dict voters’ sophistication about matters
of science. Studies of the distribution
of knowledge about science in the gen-
eral public, however, have shown that
college-trained persons are the most
knowledgeable about scientific principles
and keep the most abreast about scien-
tific developments (38, 39). Those with
the lowest levels of education are the
most misinformed about science and
fail to keep up with science as well as
with current events. It would seem,
then, that the least educated favor fluo-
ridation because they mistake it for
chlorination and are unaware of its con-
troversial aspects, whereas the most
educated favor fluoridation because
they are able to deal with scientific
arguments or can recognize leading sci-
entific authorities and defer to their
judgments. The middle ranges of edu-
cation, that account for the majority
of voters, include those who are aware
of conflicting opinions, but who are
neither knowledgeable enough to recog-
nize authoritative scientific judgments,
nor confident enough to weigh the evi-
dence themselves.

Conclusions

Fluoridation, as a problematic inno-
vation of public health, is not an issue
completely without precedent. A former
surgeon general of the United States
has included it as one of the four “. . .
great mass preventative health measures
of all time. . .; the pasteurization of
milk, the purification of water, immuni-
zation against disease, and controlled
fluoridation of water” (46). The enrich-
ment of flour and bread program
started in the early 1940’s is also simi-
lar (47). Each of these innovations ex-
perienced a period of controversy cen-
tered around a set of difficult scientific
and political questions.

The distinguishing feature of fluori-
dation, is that its fate has largely been
decided by the public. The benefits of
pasteurization, chlorination, vaccination,
and bread enrichment were obtained not
by referendums, but by administrative
and legislative means. Introduced as
they were during periods when demo-
cratic rights were either being de-
veloped or were suspended because of
war, these particular health innovations
were not subject to voter tests.

Although the voters’ position on
fluoridation is generally negative, the
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public health officials seem uncertain as
to what course of action to follow. On
one hand, they recognize that wide-
spread adoption is most likely to occur
when fluoridation becomes an issue that
is decided only by administrative agen-
cies or legislatures. On the other hand,
they would like to have their good work
understood and accepted by the public.
Thus, they appear torn between advo-
cating the removal of the public’s op-
portunity to vote on fluoridation and
committing themselves to the sponsor-
ship of more intensive educational pro-
grams to promote its merits (48).

The public health officials’ dilemma
concerning fluoridation may not be par-
ticularly compelling, but it does point
to an important problem—what is the
citizen’s role in a society that seeks to
be both scientifically advanced and
democratic? Science does not advance
by a show of hands and democracy can-
not exist without citizen participation.

The problem was theoretically solved
several decades ago by Schumpeter
when he noted two conceptions of de-
mocracy (49). One view is that the citi-
zen must directly decide public policy
in order for a society to be called
democratic, whereas in another view, it
is enough for the citizen to influence
public policy decisions by choosing
among competing political leaders. The
latter conception, Schumpeter argued,
is the only realistic one in a complex
industrial society.

The experience with fluoridation
seems to confirm the inappropriateness
of direct citizen involvement in policy-
making. The technical intricacies of the
problem are too great for the average
voter to resolve. Administrative agencies
and legislatures, with their more delib-
erate procedures and their greater ca-
pacity to distinguish among experts,
are more able to rationally consider
questions of safety and efficacy (50).
Nor would the value aspects of fluo-
ridation be ignored if the decision were
to be restricted to administrative agen-
cies or legislatures. On the contrary,
they would be clarified by a careful
treatment of the technical questions.

The gap between theory and prac-
tice, however, may be quite large.
Structural reforms limiting citizen par-
ticipation are not easily obtained. Af-
fluence and increasing average levels of
educational attainment bring demands
for more, not less, participation in pol-
icy decisions. Moreover, shifts in fed-
eral research programs toward a greater
concern for health and welfare problems
are likely to produce more innovations

which, like fluoridation, require local
government approval for adoption and
which, in turn, provide more oppor-
tunities for frustration by referendum.
Finally, it must be noted that for the
citizen to perform adequately even a
restricted role in a scientifically ad-
vanced society, he must have at least a
slight understanding of science in order
to judge wisely the abilities of com-
peting leaders to deal with complex
issues.

The need, then, may be for new edu-
cational programs. These programs
would not train the citizen to be knowl-
edgeable in the various fields of science,
but rather would equip him to deal with
scientific arguments and scientific ex-
perts, through understanding the limits
and uses of science. This is a long-run
goal. In the meantime, we may have to
continue to forego the benefits of fluo-
ridation and other similar innovations.

References and Notes

-

. The most complete history of fluoridation
available is D. McNeil, The Fight for Fluori-
dation (Oxford Univ, Press, New York, 1957).

2. For example, the summary of the Newburgh-

Kingston, New York, caries study reports in
D. Ast and E. Schlesinger, Amer. J. Public
Health 46, 265 (1956). At the level of one
part of fluorine to 1 million parts of water,
10 percent of the subject population experi-
ences some of the symptoms of fluorosis,
“enamel mottling in the very mildest forms.”
3. A, Green, “Fluoridation in Massachusetts:
A social-research report” (Harvard School of
Public Health, Boston, mimeographed, 1958).
4, D. Strifflar et al., Public Health Rep. 80,
25 (1965).
. U.S. Public Health Service, Fluoridation Cen-
sus, 1966 (U.S. Government Printing Office,
‘Washington, D.C., 1967).
6. R. Crain, E. Katz, D. Rosenthal, The Fluori-
dation Decision: The Community Confronts
an Innovation (National Analysts, Inc., Phila-
delphia, 1964).
7. R. Crain, Social Forces 44, 470 (1966).
8. The Detroit result is subject to challenge at
the next election.
9. For example, J. Polya, Are We Safe? (Che-
shire, Melbourne, 1964), chap. 10; and
Fluoridation of Water, hearings before the
Committee on Interstate and Foreign Com-
merce, U.S. House of Representatives, 83rd
Congress, 2nd Session (U.S. Government
Printing Office, Washington, D.C., 1954).
10. F. Exner and G. Waldbott, in The American
Fluoridation Experiment, J, Rorty, Ed, (Devin-
Adair, New York, 1961).

11, K. Elwell and K. Easlick, Classification and
Appraisal of Objections to Fluoridation (Univ.
of Michigan Press, Ann Arbor, 1960).

12, New York Times, 8 February 1966, p. 18.

13. Among the opponents are Christian Scientists
who believe fluoridation violates their religious
rights. The legal issues involved are reviewed
in A. Miller, Saturday Rev. 48, 49 (1965);
and George Washington Law Rev. 23, 343
(1955).

14, J. Coleman, Community Conflict (Frec Press,
Glencoe, Iil., 1957).

15. P. Rossi, Admin. Sci. Quart. 1, 415 (1957).

16. A. Green and J. Briggs, “Fluoridation in Mas-
sachusetts: A statistical comparison of com-
munities” (Harvard School of Public Health,
Boston, mimeographed, 1957); T. Plaut, Public
Opin, Quart. 23, 213 (1959).

17. W. Gamson and P. Irons, J. Social Issues
17, 66 (1961).

18. M. Pinard, Amer. J. Sociol. 68, 513 (1963).

19. W. Gamson and C. Lindberg, Health Educ.
J. (1961).

20, R. Crain and D. Rosenthal, The Fluoridation

Decision, Report 2, The Community Con-

fronts an Innovation (National Analysts, Inc.,

Philadelphia, 1963),

W

SCIENCE, VOL. 162



21, See the discussion in E. Banfield and J.
Wilson, City Politics (Harvard-M.I.T., Cam-
bridge, 1963), pp. 77-86.

22, O. Nolting and D. Arnold, Eds., Municipal
Year Book 1966 (International City Manager
Association, Chicago, 1966), p. 90. Table 2
shows the distribution of form of government
by city size.

23. L. Gulick, Public Admin, Rev. 17, 106 (1957).

24, For a discussion of alienation as a political
concept, see W. Thompson and J. Horton,
Social Forces 38, 190 (1959-1960); J. Hor-
ton and W. Thompson, Amer. J. Sociol. 67,
485 (1962); C. Stone, Public Opin. Quart. 29,
213 (1965).

25. This is the thrust of the discussion by W,
Kornhauser, in Perspectives on the American
Community, R. Warren, Ed. (Rand-McNally,
Chicago, 1966), pp. 489-498.

26. M. Davis, Public Opin. Quart. 23, 479 (1959).

27. A. Green, J. Social Issues 17, 13 (1961).

28. B. Mausner and J. Mausner, Sci. Amer. 192,
35 (1955).

29. W. Gamson, Public Opin. Quart. 25, 526
1961).

30. A. Simmel, J. Social Issues 17, 26 (1961).

31. J. Kirscht and A. Knutson, ibid., p. 37.

32, W. Gamson, Health Educ. J. 18, 159 (1961).

33. For survey reports and summaries, see Na-
tional Association of Science Writers, Sci-

NEWS AND COMMENT

ence, the News, and the Public (New York
Univ. Press, New York, 1958); and W.
Schramm, Science and the Public Mind
(AAAS, Washington, D.C., 1962).

34. H. Freeman and C. Lambert, Jr., J. Health
Hum. Behav. 6, 143 (1965).

35. L. Harris, cited in U.S. Public Health Service,
Emphasis: Fluoridation (U.S. Government
Printing Office, Washington, D.C., 1966), p.
5 ;

36. A. S. Metz, Social Forces 44, 477 (1966).

37. J. Mueller, West. Polit. Quart. 19, 59 (1966).

38. There have been a number of fluoridation
campaign studies, Particularly useful is I.
Sanders, J. Social Issues 17, 55 (1961); W.
Gamson, Trans-Action 2, 9 (1964).

39. H. Raulet, J. Social Issues 17, 41 (1961).

40. W. Gamson, Health Educ. J. 19, 51 (1961),
Table 3.

41, The figures are 74 percent favorable with
incorrect information and 70 percent favorable
with correct information (36).

42, For example, R. Bauer, I. de S. Pool, L.
Dexter, American Business and Public Policy
(Atherton Press, New York, 1963).

43. J. Steiner and F. Stare, in U.S. Public Health
Service, Emphasis: Fluoridation (U.S. Gov-
ernment Printing Office, Washington, D.C.,
1966).

44, Among the leading antifluoridationists are G.

1968 Nobel Laureate in
Medicine or Physiology

The Nobel Prize in Medicine or
Physiology for 1968 has been awarded,
jointly, to Robert W. Holley of the
Salk Institute, Har Gobind Khorana of
the University of Wisconsin, and Mar-
shall W. Nirenberg of the National
Institutes of Health.

The announcement of the awards em-
phasized that each man was recognized
for work carried out independently of
the other two. But the work of the
three is interrelated, and the significance
of each achievement is enhanced by the
achievement of the others. These three
men together constitute a triplet of
great sense.

It is difficult to decide where to start
the story of the genetic code—no point
in time is really a beginning. The ac-
celeration of research in this area does,
however, seem to coincide with the
initial experiments reported by Niren-
berg and his co-worker Heinrich Mat-
thaei (now of the Max-Planck Institute,
Gottingen). Nirenberg was interested
in the chemical mechanism underlying
the well-documented theory that what
is specified by the genes is the structure
of proteins. How, within a cell, does

25 OCTOBER 1968

the linear sequence of the four nucleo-
tides in the DNA structure specify the
linear sequence of a protein? A protein
contains a linear arrangement of amino
acids held together by covalent bonds.
The structural uniqueness of a protein,

and consequently the uniqueness of its "

function, is defined by the number and
linear order of the 20 possible amino
acids. Nirenberg and Matthaei made a
crude, cell-free preparation from the
bacterium Escherichia coli and looked
for protein synthesis that was dependent
on the addition of nucleic acid. Given
the complexity and crudity of the sys-
tem, the concept seemed then, and
even now, too simple. But it worked.
The addition of nucleic acid did in-
deed stimulate the incorporation of
amino acids into protein.

The active nucleic acid was not
DNA, but the chemically related nu-
cleic acid, RNA. [That RNA served to
relay the genetic information was con-
sistent with the theory proposed by
Jacob and Monod in 1961, These men,
Nobel laureates themselves (1965), pro-
posed that an RNA, messenger RNA,
containing a replica of the sequence of

L. Waldbott, B. Exner, C. Brusch, J. Forman,
C. Fredericks, L. Gross, V. O. Kurme, R.
Lee, L, Spera; see reports on each of these
individuals in Bureau of Public Information,
J. Amer. Dent. Ass. 71, 1155 (1965).

45. As Mueller (37) notes, these data do not
support Gamson’s (29) suggestion that these
persons oppose fluoridation because the
measure somehow symbolizes the buffeting
about one takes in a society where not even
the water one drinks is sacrosanct.

46. L. Terry, in U.S. Public Health Service,
Emphasis: Fluoridation (U.S. Government
Printing Office, Washington, D.C., 1966), p.
4,

47. For a history of this program see R. Walder
and R. Williams, Enrichment of Flour (Na-
tional Research Council, Washington, D.C.,
1944).

48. Recommendations of the First National Con-
ference on Fluoridation, in Emphasis: Fluori-
dation, (U.S. Government Printing Office,
Washington, D.C., 1966), p. 17.

49. J. Schumpeter, Capitalism, Socialism, and
Democracy (Harper, New York, 1950), chaps.
21 and 22.

50. Even legislatures may be unable to deal with
difficult scientific issues. See S. Reiser, in
Knowledge and Power, S. Lakoff, Ed. (Free
Press, New York, 1966), pp. 293-311.

the DNA, actually functions in defining
amino acid sequences.] Most sur-
prisingly, however, natural RNA con-
taining the four common ribonucleo-
tides [adenylic (A), uridylic (U),
cytidylic (C), and guanylic (G) acids]
was not necessary in Nirenberg’s cell-
free system. An RNA-like polyribonu-
cleotide containing only one of the
ribonucleotides, uridylic acid, was ex-
tremely active. Furthermore, polyuri-
dylic acid stimulated the incorporation
of only one of the 20 possible amino
acids, namely phenylalanine, The “pro-
tein” being made was composed exclu-
sively of phenylalanine units. Nirenberg
and Matthaei concluded that one or
more uridylic acid residues represented
the code for phenylalanine.

When, in the spring of 1961, these
results became known to some of Niren-
berg’s colleagues at the NIH, the excite-
ment ran high. And - the formal
announcement of the results at the
International Biochemistry Congress in
Moscow that summer was electrifying.
The possibility of determining the en-
tire code was clear.

The extension of the experiment to
other amino acids required a variety of
polyribonucleotides containing the other
common ribonucleotides, either singly
or in combinations. Such polymers,
while not widely available, could be
prepared with polynucleotide phos-
phorylase. This enzyme had been dis-
covered in 1955 by Grunberg-Manago
and Ochoa, and it was for this finding,
in part, that Ochoa shared a Nobel Prize
in 1959. The enzyme catalyzes the syn-
thesis of polyribonucleotides of any de-

433



