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Abstract

Objectives: We determined the knowledge level of water plant operators who
fluoridate drinking water, and we compared small and large water plants. Meth-
ods: A pretested survey was sent to 2,381 water plant operators in 12 states that
adjust the fluoride concentration of drinking water. A z-test for proportion was used
to test for statistical difference between small and large plants at a=0.05. Small
water plants were those treating less than 1 million gallons of water daily. Results:
Eight hundred small and 480 large water plant operators responded, resulting in
a response rate of 54 percent. Two-thirds of water plant operators correctly
identified the optimal fluoride level, but more than 20 percent used a poor source
for choosing the optimal level. Only one-fourth of operators were able to maintain
the fluoride concentration to within 0.1 mg/L of the optimal concentration. A
significantly greater proportion of operators at large water plants than at small
water plants reported that they were able to maintain a fluoride concentration to
within 0.1 mg/L of the optimal concentration (33.5% vs 21.3%, z=4.74, P<.05).
Conclusions: Although most operators correctly identified the optimal fluoride
level, small water plant operators were less likely to use accurate reasoning for
choosing that level and in maintaining fluoride concentrations within 0.1 mg/L of
that level than large water plant operators. [J Public Health Dent 2001,61(2):92-

98]
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Fluoridation has long been the cor-
nerstone of preventive dentistry in re-
ducing dental caries. Presently, over
145 million residents in more than
10,500 communities throughout the
United States have access to fluori-
dated public water supplies (1). The
widespread availability of both topical
and systemic fluorides have reduced
differences in caries rates between
fluoridated and nonfluoridated com-
munities; nevertheless, those differ-
ences are still significant (2). The only
known undesirable effect of water
fluoridation at concentration levels
above the recommended optimal
range is enamel fluorosis.

Historically, enamel fluorosis can
be traced to the early 1900s in the
United States, when a young dentist,
Dr. Frederick S. McKay, opened a den-
tal practice in Colorado Springs, Colo-
rado, and discovered that many of his

patients’ teeth presented with perma-
nent brown staining of enamel. With
the discovery that high concentrations
of fluoride in drinking water caused
enamel fluorosis, Dr. H. Trendley
Dean was appointed by the US Public
Health Service (PHS) in 1931 to con-
duct epidemiologic investigations. As
had been observed by Drs. McKay and
G. V. Black, Dean noted that persons
with enamel fluorosis often had less
dental caries than those without this
condition. Dean investigated the in-
verse relationship between enamel
fluorosis and dental caries. His “21 Cit-
ies Study” was conducted to deter-
mine the fluoride concentration in
drinking water associated with a low
prevalence of dental caries and insig-
nificant levels of enamel fluorosis. His
study showed that the optimal fluo-
ride concentration in temperate cli-
mates was 1.0-1.2 mg/L (3-4). Even at

this optimal concentration, however,
approximately 10 percent of children
developed very mild to mild enamel
fluorosis (5), which Dean accepted as
a necessary tradeoff for the decreased
dental caries prevalence. By the mid-
1950s, Galagan and Lamson demon-
strated that air temperature was a fac-
tor in the amount of tap water con-
sumed: more tap water was consumed
in hotter climates (6). These re-
searchers recommended that the opti-
mal fluoride concentration range from
1.2 mg/L in the coldest areas of the
United States to 0.7 mg/L in the warm-
est areas. The Public Health Service
has endorsed these recommendations
).

The PHS recommends an optimal or
target fluoride concentration for each
water system in each state, which is
based on the annual average of the
maximum daily air temperature for
that location. In practice, the optimal
concentration is established by the
state health department. Although the
PHS may recommend up to three fluo-
ride concentrations for a state due to
differences in temperature, most
states set only one (8). Regardless of
the number of target concentrations, it
is not always possible to maintain an
exact fluoride concentration in water
systems; therefore, states require
water systems to operate within an
acceptable control range. The control
range surrounds the state optimal
fluoride concentration and is estab-
lished by individual state environ-
mental health programs. These pro-
grams vary among the states and can
be under the health department or a
stand-alone agency responsible for
natural resources, drinking water,
waste water, solid waste, and air. Cur-
rent recommendations by the PHS set
the control range at 0.1 below to 0.5
mg/L above the optimal level.
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Our purpose in conducting this
study was (1) to determine the knowl-
edge level about fluoridation of US
water plant operators who fluoridate
drinking water; and (2) to compare
small and large US water plants by
their selection and maintenance of the
optimal fluoride concentration, factors
responsible for variation in optimal
fluoride level, and type of fluoride
compound used.

Methods

We asked the Division of Oral
Health at the Centers for Disease Con-
trol and Prevention (CDC) to choose
12 states that would in their opinion be
representative of all 50 states. The cri-
teria used by CDC were based on four
guidelines: (1) there was an active
statewide fluoridation program; (2) a
minimum of 50 percent of the popula-
tion was drinking fluoridated water;
(3) each area of the country was repre-
sented, as near as possible; and (4)
both rural and urban states were rep-
resented. The states selected were Ala-
bama, Arkansas, Colorado, Connecti-
cut, lllinois, Iowa, Maine, Massachu-
setts, Missouri, Nebraska, Tennessee,
and Texas.

CDC furnished the name of a con-
tact person for each representative
state. The contact person could be a
fluoridation coordinator, director, or
engineer. During the summer of 1997,
we sent each of these 12 persons a
survey questionnaire for their state,
asked them to endorse our study, and
asked them to provide us with mailing
addresses for that state’s water plant
operators who fluoridate water. By
early 1998, we had sent all water plant
operators who fluoridate within the 12
states a two-page questionnaire that
had been previously used in a mail
survey of water plant operators in
Ohio. Copies of the survey question-
naire are available from the first
author. We also sent a cover letter ex-
plaining the survey and a pread-
dressed return envelope. Second and
third mailings were used to help attain
an adequate response rate.

Data from the completed question-
naires were entered into a database
and a z-test was computed to test for
differences in proportions between
small and large water plants. Signifi-
cance was assessed at P<.05. We de-
fined small water plants as those treat-
ing less than 1 million gallons of water
daily (MGD) (which generally serves
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TABLE 1
Participating State Water Plants
Large Plants Small Plants
Total

State n n (%) n (%)
Alabama 92 64 (70.0) 28 (30.0)
Arkansas 36 22 (61.1) 14 (38.9)
Colorado 45 26 (57.8) 19 (42.2)
Connecticut 19 17 (89.5) 2 (10.5)
Iilinois 419 70 (16.7) 349 (83.3)
Iowa 199 35 (17.6) 164 (82.4)
Maine 35 12 (34.3) 23 65.7)
Massachusetts 57 41 (71.9) 16 (28.1)
Missouri 91 36 (39.6) 55 (60.4)
Nebraska 44 13 (29.5) 31 (70.5)
Tennessee 141 84 (59.6) 57 (40.4)
Texas 102 60 (58.8) 42 41.2)
Total 1,280 480 (37.5) 800 62.5)
a population of 6,000-7,000) and large TABLE 2.

water plants as those treating more
than 1 MGD.

Results

Sample Response. We mailed ques-
tionnaires to 2,391 water plant opera-
tors, of whom 1,280 (53.5%) re-
sponded. The response rates for the 12
participating states were as follows:
Alabama, 76.7 percent; Arkansas, 48.6
percent; Colorado, 62.5 percent; Con-
necticut, 57.6 percent; Illinois, 41.5 per-
cent; Iowa, 78.7 percent; Maine, 57.4
percent; Massachusetts, 70.4; Mis-
souri, 56.5 percent; Nebraska, 71.0 per-
cent; Tennessee, 65.3 percent; and
Texas, 41.1 percent. Eight hundred
(62.5%) of those responding operated
small water plants, and 480 (37.5%)
operated large water plants (Table 1).

In addition to size, as determined by
MGD, we were able to include both
primarily rural states—e.g., Arkansas
and Maine—as well as urban
states—e.g., Illinois and Massachu-
setts. Three of the sample states had
mandatory fluoridation laws (Con-
necticut, Illinois, and Nebraska). An-
other aspect well represented in the
sample was the location of the fluori-
dation program, i.e., the health depart-
ment, the engineering /environmental
unit within the health department, or
in the environmental department.
While Arkansas, Connecticut, and Ne-
braska have the fluoridation program
located in the engineering/environ-
mental unit within the health depart-

Optimal Fluoride Concentration

and Acceptable Control Range in

Participating States According to
Individual State Policy

Optimal ~ Accept.

Fluoride Control

Conc.*  Range*

States (mg/L) (mg/L)
Texas 0.7 0.6-1.2
Arkansas 08 0.7-1.2
Colorado 09-11 07-13
AL, CT, MO, NE 1.0 0.8-1.2
Iilinois 1.0 0.9-1.2
MA, TN 1.0 0.9-1.3
lowa 1.0 09-1.6
Maine 12 1.0-2.0

*Optimal fluoride concentration and accept-
able control range were provided by the
fluoridation coordinator, director, or engineer
of each state.

ment, three other states (Maine, Mis-
souri, and Tennessee) have their
fluoridation programs housed in the
environmental department. In the re-
maining six states, the fluoridation
programs are housed in the health de-
partment. Two of the sample states
{Colorado and Massachusetts) require
training for their water plant opera-
tors, but the remainder do not require
any training. While there is no differ-
ence in training for small and large
plants, Colorado conducts fluorida-
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tion training yearly and Massachu-
setts requires training every other
year.

When we analyzed the response
rate of the individual states based on
the existence of mandatory fluorida-
tion laws, location of fluoridation pro-
gram, or requirement for operator
training, no trend was evident. For ex-
ample, those water plants located in
states with mandatory fluoridation
laws responded from a low of 41.5
percent to 71.0 percent, while those
plants in states without mandatory
laws responded similarly from 41.1
percent to 78.7 percent.

Optimal Fluoride Concentration.
Overall, 63.8 percent of the 1,280 water
plant operators knew the correct opti-
mal fluoride concentration for their
plant (Table 2), and an additional 24.8
percent of operators gave the correct
answer to within 0.1 mg/L. Overall,
there was no difference in knowledge
level between operators at large water
plants and operators at small plants
about the optimal fluoride concentra-
tion. Only in Iowa and Nebraska were
there significant differences between
small and large water plants. In Iowa
small water plant operators were more
likely to identify the correct optimal
fluoride concentration than operators
at large water plants (61.6% vs 42.9%,
z=2.04, P<.05). On the other hand, in
Nebraska large water plant operators
were significantly more knowledge-
able about the correct optimal fluoride
concentration than small water plant
operators (100% vs 80.7%, z=2.73,
P<.05).

Source of Information for Choos-
ing Optimal Fluoride Concentration.
Respondents were asked what source
of information was used to determine
the optimal fluoride concentration.
We considered highly accurate
sources to be a water fluoridation
manual for engineers or water plant
operators, or the policy of the dental
division at the state health department
or regional Environmental Protection
Agency office. We considered the av-
erage or middle of the fluoride range
as established by the state environ-
mental health program to be a moder-
ately accurate source of information.
We considered inaccurate methods of
determining the optimal fluoride con-
centration to be historical concentra-
tion, selecting one that is easy to re-
member, trial and error, operator’s de-
cision, experience, cost, or choosing
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TABLE 3
Factors Responsible for Variations from Optimal Fluoride Concentration
Large Smail
Plants Plants
Total
Factor n (%) n (%) n (%)
Problems with equipment or chemicals
Problems with feeder 236 (184) 88(18.3) 148(185)
Variation in chemical purity or density 36 (2.8) 11 (2.3) 25(3.1)
Poor training of water plant operator
Operator error* 74 (5.8) 16 (3.3) 58 (7.3)
Fluoride feeder maintenance 24 (1.9) 14 (2.9) 10 (1.3)
Physically changing fluoride drums* 11 (0.9) 1(0.2) 10 (1.3)
Existing condition
Variation in main water flow 164 (12.8) 59 (12.3)  105(13.1)
Fluctuation in raw water fluoride 82 (6.4) 38 (7.9) 44 (5.5)
concentration
Problems with process control* 52 (4.1) 13(2.7) 39 (4.9)
Variation in temperature 16 (1.3) 3(0.6) 13(1.6)
Other or combined problems
Problems with filter backwash recycle or 17 (1.3) 10 (2.1) 7(0.9)
filter
Problems with feeder + main water flow 49 (3.8) 22 (4.6) 27 (3.4)
Problems with feeder + other factors* 126 (9.8) 64 (13.3) 62 (7.8)
Variation in main water flow + other 71 (5.6) 41 (8.5) 30(3.8)
factors*
Other 103 (8.1) 37(7.7) 66 (8.3)
No response 219 (17.1) 63 (13.1) 156 (19.5)

*Significantly different between large and small water plants (P<.05).

what works best. Overall, 70.1 percent
of the water plant operators cited
highly accurate sources for choosing
the optimal fluoride concentration,
and an additional 8.1 percent cited the
moderately accurate source. On the
other hand, 21.7 percent of water plant
operators used the least accurate
sources for choosing their optimal
fluoride concentration. Overall, opera-
tors at large water plants were signifi-
cantly more likely than operators at
small water plants to cite the highly
accurate sources (73.3% vs 68.1%,
2=2.00, P<.05). This finding did not
hold true for Connecticut or Arkansas.
In Connecticut, small water plant op-
erators were more likely than large
plant operators to use the most accu-
rate information for choosing their op-
timal fluoride concentration (100% vs
76.5%, z=2.29, P<.05). In Arkansas,
large water plant operators were sig-
nificantly more likely to rely on the
least accurate information (18.2% vs
0.0%, z=2.21, P<.05).

Ability to Maintain Optimal Fluo-

ride Concentration. Only 25.9 percent
of water plant operators responded
that they were able to maintain the
fluoride level in drinking water to
within 0.1 mg/L of their optimal or
target fluoride concentration. Another
49.3 percent of operators claimed they
were able to maintain the fluoride con-
centration from between 0.1 to 0.2
mg/L of optimal concentration, 19.5
percent felt they were able to maintain
between 0.2 and 0.3 mg/L of optimal
concentration, and 4.5 percent felt they
were capable of maintaining it at >0.3
mg/ L of optimal concentration. A sig-
nificantly greater proportion of opera-
tors at large water plants than those at
small water plants were able to main-
tain the optimal fluoride concentration
to within 0.1 mg/L of optimal concen-
tration (33.5% vs 21.3%, 2=4.74, P<.05).
No individual state showed any sig-
nificant differences.

Reasons for Variations in Optimal
Fluoride Concentration. The survey
question on the factors responsible for
any variation from the optimal fluo-
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ride concentration allowed for open-
ended responses. We categorized the
responses as equipment or chemical
problems, lack of water plant operator
training, existing conditions, and
other or combined conditions. We de-
termined these categories based on
problems previously reported to the
state and CDC. The equipment prob-
lems included not having the correct
equipment (e.g., buying the wrong
size metering pump), not maintaining
the equipment properly, not replacing
worn out equipment, misuse of equip-
ment, and not maintaining spare parts
for the equipment. The chemical prob-
lems include purchasing the wrong
chemical (e.g., sodium fluorosilicate
[Na2SiFs] instead of sodium fluoride
[NaF] for a saturator), obtaining the
wrong grade or size of chemical (e.g.,
buying powder instead of granular so-
dium fluoride), and purchasing the in-
correct purity of chemical. Existing
conditions included variations in the
main water flow (e.g., because a cer-
tain kind of well pump was used or a
field of wells converged into one line),
variation in outdoor temperature, and
fluctuations in the fluoride concentra-
tion in the raw water (e.g., the water
carried to the city of Los Angeles in the
Owens Aqueduct varies from 0.2
mg/L to 0.8 mg/L of fluoride during
the year, and the fluoride content in
the Ohio River varies depending on
the industrial discharge). Other condi-
tions that may cause variation from
the optimal fluoride concentration in-
cluded earthquakes, floods, or other
natural disasters or accidents. There
also may have been a combination of
factors, such as a poorly trained opera-
tor trying to use a poorly designed
fluoride feeder system with a highly
variable concentration of natural fluo-
rides.

Equipment problems and vari-
ations in the main water flow were the
most common reasons cited for vari-
ation from the optimal fluoride con-
centration (Table 3). Compared with
operators at large water plants, opera-
tors at small water plants noted signifi-
cantly more variation caused by op-
erator error (7.3% vs 3.3%, 2=3.19,
P<.05) and process control (4.9% vs
2.7%, z=2.04, P<.05). Process control is
the water treatment process, e.g., fil-
tration, over which operators have no
control.

Fluoride Compounds Used. Three
types of fluoride compounds are pres-
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TABLE4
Fluoride Compounds Used
Large Plants  Small Plants
Total

Compound n (%) n (%) 1 (%)
Sodium fluoride (NaF)* 148 (11.6) 24 (5.0) 124 (15.5)
Sodium fluorosilicate (Na2SiFg)* 140 (10.9) 97 (20.2) 43 (5.4)
Fluorosilicic acid (H2SiFe)* 969 (75.7) 343 (71.5) 626 (78.3)
Combination of compounds 10 (0.8) 10 (2.1) 0(0.0)
No response 13 (1.0) 6(1.3) 7(0.9)

*Significantly different between large and small water plants (P<.05}).

TABLE 5
Selected Factors Associated with Water Plant Operators’ Knowledge of
Optimal Fluoride Levels and Reported Ability to Maintain Fluoride
Concentration within 0.1 mg/L of Optimal

Accurate Maintaining
Correct Reasons for Fluoride
Optimal Choosing Level within
Concentration Level 0.1mg/L
n* (o/o) n (%) n (0/0)
Fluoridation laws
Mandatory 329 (68.3)t 301 (62.5)% 122 (25.3)
Not mandatory 481 (60.3) 596 (74.7) 209 (26.2)
Location of fluoridation program
Health department 557 (60.9) 637 (69.7)% 251 (27.5)
Environmental unitt 67 (67.7)% 80 (80.8) 20 (20.2)
Environmental department 186 (69.7)% 180 (67.4)% 60 (22.5)
Operator training
Required 63 (61.8) 84 (82.4) 42 (41.2)1
Not required 747 (63.4) 813 (69.0) 289 (24.5)

*n=number of water plants.

tEnvironmental unit within state health department.

{Significantly different (P<.05).

ently in use by water plant operators:
NaF, NasSiFs, and fluorosilicic acid
(H2SiFe). Overall, 11.6 percent of water
plant operators reported that they
used NaF, 10.9 percent used Na2SiFe,
and 75.7 percent used H25iFs (Table 4).
Operators at large water plants were
significantly more likely than those at
small water plants to use NasSiFe
(20.2% vs 5.4%, 2=7.42, P<.05). Con-
versely, operators at small water
plants were significantly more likely
to use NaF (15.5% vs 5.0%, z=6.48,
P<.05) or HSiFg (78.3% vs 71.5%,
z=2.69, P<.05).

Other Factors Affecting Knowl-
edge Level of Operators. Factors other
than the size of water plants also may
contribute to the knowledge level of
water plant operators who fluoridate

US drinking water. Among those fac-
tors are: (1) the existence of a state law
mandating fluoridation, (2) the physi-
cal location of the fluoridation pro-
gram, and (3) the requirement of
fluoridation training for water plant
operators by state officials. Although
CDC chose states that were primarily
rural or urban for the sample, each
state had both small and large plants.
Therefore, we thought it would be
more meaningful to compare small
and large plants rather than compare
plants based on population density
criteria.

Table 5 shows the association of
these factors with the knowledge level
of operators. When we compared the
responses of water plant operators
who were mandated to fluoridate with
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those who were not mandated, there
were no clear-cut differences between
the groups (Table 5). While those in
mandatory states were significantly
more knowledgeable about their cor-
rect optimal fluoride concentration
(68.3% vs 60.3%, z=2.92, P<.05), they
were significantly less likely to know
why they chose that concentration
(62.5% vs 74.7%, z=—4.55, P<.05) and
reported no difference in their ability
to maintain the fluoride level within
0.1 mg/L. On analyzing the impact of
the location of the fluoridation pro-
gram, again we noted no clear differ-
ences in knowledge levels among
groups (Table 5). When the fluorida-
tion program was located in the Envi-
ronmental Department, the water
plant operators were more likely to
know the correct optimal fluoride con-
centration than those located in the
Health Department (69.7% vs 60.9%,
2=2.69, P<.05). However, for those
programs in the Environment Unit in
the Health Department, water plant
operators were more likely to know
the mostaccurate reasons for choosing
that level than those located in the
Health Department (80.8% vs 69.7%,
z=2.62, P<.05) or Environment Depart-
ment (80.8% vs 67.4%, z=2.74, P<.05).
Operators in states that require fluori-
dation training (Massachusetts and
Colorado) were significantly more
likely than operators in other states to
choose the most correct reasons (82.4%
vs 69.0%, z=3.33, P<.05) and signifi-
cantly more likely to be able to main-
tain the fluoride concentration to
within 0.1 mg/L (41.2% vs 24.5%, z=
3.31, P<.05).

Discussion

The criteria set by CDC did not al-
low for a random selection of 12 states.
Colorado was the only western state
chosen because most western states
have very little fluoridation. Utah has
3 percent, California has 15 percent,
and Nevada only has 2 percent of its
water supply fluoridated. Due to the
first two guidelines set forth by CDC,
not all states were part of the sampling
frame. This was done to randomly se-
lect states with a greater number of
water plants that fluoridate. While
more efficient, it has in fact resulted in
more of a convenience sample than a
probability sample. Nevertheless, we
consider the CDC methodology to be
the most practical approach to sam-
pling water plant operators who

fluoridate US drinking water.

While we concentrated our analysis
on the difference between the 480 large
and 800 small water treatment plants,
other characteristics of the water
plants also were studied. These other
factors included location of the plant
in a state with or without a mandatory
fluoridation law, location of the water
plant in a state that requires fluorida-
tion training of its operators to one that
does not, and the location of the fluori-
dation program within or outside the
health department. The response rate
from each state ranged from more than
40 percent to nearly 80 percent. The
two states with the lowest response
rates (Illinois and Texas) both had
sample sizes of more than 100 water
plant operators. The overall response
rate of 54 percent is reasonably good
when one considers the relatively low
pay grade of water plant operators.
Response bias with any survey of less
than 100 percent response rate can be
a problem; however, because of the
similarity of fluoridation training, or
the lack thereof, and relatively low pay
grade of water plant operators, the
concern may only be minimal.

In this study, over one-third of re-
spondents were inaccurate in the most
basic knowledge of fluoridation.
Eleven percent of the water plant op-
erators did not know the correct opti-
mal fluoride concentration of their
plant to within 0.1 mg/L. Neverthe-
less, fewer than 0.5 percent of opera-
tors reported an optimal concentration
that was outside the control range es-
tablished by their individual state en-
vironmental health program. These
0.5 percent of operators all worked at
small water plants. The size of the
water plant was significantly associ-
ated with how operators reported
choosing the optimal concentration:
operators at large water plants more
often used the most accurate source of
information in choosing their optimal
fluoride concentration, while opera-
tors at small water plants often de-
pended on inaccurate information.

Water plant operators must be able
to maintain an optimal fluoride con-
centration. Optimally fluoridated tap
water is a major factor in the declining
prevalence of dental decay in the
United States (9-13) and abroad (14-
16). When the concentration is below
optimal, the prevalence of dental car-
ies may increase, especially in chil-
dren. Studies have shown that in once-
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optimally fluoridated commmunities in
which water fluoridation had been de-
creased to suboptimal levels or had
been discontinued, the prevalence of
dental decay increased (17-19). On the
other hand, when the fluoride concen-
tration is higher than optimal,
fluorosis is more common (10,13,20-
22). Although it is not considered to be
a public health problem, fluorosis can
be perceived as an esthetic concern by
parents of children with fluorosis (23).
Three-quarters of operators felt they
could maintain fluoridation concen-
trations to within 0.2 mg/L of optimal,
and nearly 95 percent acknowledged
they could maintain concentrations to
within 0.3 mg/L. These results indi-
cate a problem in maintaining consis-
tent fluoride levels in US water sup-
plies. The problem was especially no-
ticeable with operators at small water
plants, who were significantly more
likely than operators at large water
plants to report being able to maintain
the optimal levels at 0.2-0.3 mg/L.
The factors responsible for vari-
ations from optimal fluoride concen-
trations were predominantly main
water flow variations (12.8%) and
feeder problems (18.4%). In fact,
equipment breakdown often can
cause the eventual discontinuation of
water fluoridation in a community be-
cause of the time and costs of the re-
pairs. When equipment breaks down,
it takes time to replace or repair it. Itis
not uncommon for the fluoridation
equipment that breaks down to be out
of service for several days. Also, re-
pairing the equipment, if costly, can
require the permission of other offi-
cials and may require changes in the
city budget. This process may cause
the equipment to not be repaired for
several months. When we considered
the combined problems, we deter-
mined that feeder problems or main
water flow variation plus other factors
were responsible for approximately 50
percent of the occurrences where op-
erators could not maintain a consistent
fluoride concentration in the drinking
water. We found little difference be-
tween small and large water plants
with regard to feeder problems or
main water flow variations, but other
factors were significantly more preva-
lent among small water plants.
Water plant operator training in
water fluoridation may be an impor-
tant factor in the variations from opti-
mal fluoride concentration in the
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drinking water. Water plant operators
in states that require fluoridation
training were significantly more
knowledgeable in choosing and main-
taining the optimal fluoride concen-
tration than the other 10 sample states
without mandatory training (Table 5).
However, one limitation in the analy-
sis was due to differences in group
sizes; i.e., 102 plants required training,
while 1,178 do not require training.

Presently, CDC is reasonably cer-
tain that operators are receiving very
little fluoridation training. Colorado
and Massachusetts are the only two
states in the United States that have an
ongoing training program, which con-
sists of one-day training courses.
CDC'’s definition of fluoridation train-
ing differs from that of most state
drinking water programs. CDC rec-
ommends a minimum of one day (six-
hour minimum) of training for fluori-
dation at least once a year. Almost all
states have passed or will pass an op-
erator certification program. State cer-
tification programs generally require
fluoridation training for all operators
of fluoridation systems. However, this
training requirement is for a minimum
of one hour per year, not one day per
year, as CDC recommends. Most
states that require fluoridation train-
ing, with the exception of Colorado
and Massachusetts, have courses
ranging from one to four hours in
length.

A properly trained operator will
know when the metering pump is the
wrong size, when the chemical order
is incorrect, how and when to test for
fluoride properly, how to recognize
variations in the fluoride level, and
know how to immediately correct the
variations. All water plant operators
should receive start-up and annual
training from the state drinking water
engineers (24). The state engineers, in
turn, should be trained in all aspects of
water fluoridation, to include the pub-
lic health benefits of water fluoridation
and the role of water plant operators
in providing those benefits (24). CDC
recommends a full-time state fluorida-
tion specialist or engineer (24).

A few water plant operators had
questions on which fluoride chemical
to use. The American Water Works
Association sets standards for all
chemicals used in water plants, in-
cluding fluorides. All states require or
urge all water plants to follow those
standards (25-27). The fluoride com-

pounds used in water fluoridation are
the byproducts of the production of
phosphate fertilizer. The byproduct is
a weak solution of fluorosilicic acid,
which is concentrated for use by the
water supply industry. Both NaF and
NagSiFg are salts precipitated from
acid. Most very large water systems
(e.g., New York City, Chicago, San
Francisco, and Atlanta) use H2SiFe.
Mid-size systems use either HaSiFs or
Na3SiFe, and small systems use either
H:SiFe or NaF. In large and mid-size
water systems, the choice almost al-
ways is determined by economics. In
small systems, the decision to use
H;3SiFs or NaF depends on several fac-
tors. The state drinking water program
may prefer the use of the acid com-
pound (H2SiFs), but the small water
plant operator may be somewhat leery
of using the acid compound because
the term “acid” may be interpreted as
“toxic” by the lay public.

For water fluoridation to be effec-
tive, the fluoride level in the water
system must be maintained consis-
tently. The water treatment plant op-
erator must know what the optimal
fluoride level is and consistently main-
tain this level. This study has shown
that while most, but not all, larger sys-
tems report maintaining the correct
fluoride levels, many smaller systems
are not. To correct this problem, it is
recommended that CDC’s training ad-
vice be followed: (1) the water plant
operator should receive at least one
day of training (six to eight hours) an-
nually, (2) all state fluoridation spe-
cialists should attend CDC’s basic
fluoridation training course at least
once a year and the advanced work-
shop atleast once every three years, (3)
trained state personnel should pro-
vide start-up training for all water
plant operators for each new fluori-
dated water system, and (4) each state
should employ at least one full-time
state fluoridation specialist.

A major factor for the variations in
fluoride levels is feeder problems or
equipment breakdowns. This problem
and the lack of state resources for
training require money to correct. We
recommend that the present CDC
fluoridation grant program be ex-
panded to assist the states in meeting
these recommendations.
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