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TABLE B-9 Estimated Average Daily Water Ingestion (mL/kg of Body Weight per Day) from
All Sources During 1994-1996 by Consumers of Water

50th 90th 95th 99th Sample

Population Mean Percentile Percentile Percentile Percentile Size Population -
All consumers 21 17 38 {0/ @ 14,726 253,667,688
<0.5 year 92 87 169 196 9 149 1,465,837
0.5-0.9 year 65 58 120 - 164 185 147 1,688,423
1-3 years 31 26 60 74 118 1,732 11,603,245
4-6 years 27 23 51 68 97 1,103 11,556,872
7-10 years 20 17 36 44 70 873 14,329,604
11-14 years 16 14 t33 40 60 . 786 15,116,291
15-19 years 15 = 12 29 38 66 806 17,564,502
20-24 years 18 14 34 44 86 668 18,224,524
25-54 years 20 17 37 46 69 4,813 110,938,819
55-64 years 20 18 35 42 59 1,513 20,646,201
> 65 years 21 19 34 39 54 2,136 30,533,370
Males (all) 20 16 38 49 86 7,532 125,266,552
<1 year 77 66 164 173 233 147 1,538,210
1-10 years 25 20 48 62 91 1,882 19,480,513
11-19 years 16 13 32. 42 69 794 16,642,651
= 20 years 19 16 34 43 67 4,709 87,605,178
Females (all) 22 18 39 50 88 7,194 128,401,136
<1 year 79 72 158 170 200 149 1,616,050
1-10 years - 26 21 50 66 104 1,826 18,009,208
11-19 years 15 13 29 36 56 798 16,038,142
> 20 years - 21 18 37 45 69 4,421 - 92,737,736
Lactating

women . 28 25 53 57 70 40 1,141,186
Pregnant women 21 19 39 44 61 69 1,729,947
Women aged 15- ’

44 years 20 16 36 46 77 2,258 57,164,907

Source: EPA 2000a.

5% drink 50 mL/kg/day x 70 kg (150 Ib) = 3,500 mL/day =
3.5 liters/day x 1 mg of Fluoride per liter = 3.5 mg of Fluoride per day

1% drink 87 mL/kg/day x 70 kg (150 Ib) = 6,090 mL/day =
6.09 liters/day x 1 mg of Fluoride per liter = 6.09 mg of Fluoride per day
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High Intake Population Subgroups

EPA, in its report to Congress on sensitive subpopulations (EPA 2000b), defines sensitive
subpopulations in terms of either their response (more severe response or a response to a lower
dose) or their exposure (greater exposure than the general population). Hence, it is appropriate
to consider those population subgroups whose water intake is likely to be substantially above the
national average for the corresponding sex and age group. These subgroups include people with
high activity levels (e.g., athletes, workers with physically demanding duties, military
personnel); people living in very hot or dry climates, especially outdoor workers; pregnant or
lactating women; and people with health conditions that affect water intake. Such health
conditions include diabetes mellitus, especially if untreated or poorly controlled; disorders of
water and sodium metabolism, such as diabetes insipidus; renal problems resulting in reduced
clearance of fluoride; and short-term conditions requiring rapid rehydration, such as
gastrointestinal upsets or food poisoning (EPA 2000a). (While the population sample described
in Appendix B [Water Ingestion and Fluoride Intakes] included some of these individuals, the
study did not attempt to estimate means or distributions of intake for these specific subgroups.)

As shown in Appendix B (Tables B-4 to B-9), some members of the U.S. population

- could have intakes from community water sources of as much as 4.5-5 L/day (as high as 80
mI/kg/day for adults). Some infants have intakes of community water exceeding 200
mL/Kg/day. Heller et al. (1999), using the same data set as EPA (2000a), reported that 21 of
14,640 people (of all ages) had water intakes over 6 standard deviations from the mean (greater
than 249 mL/kg/day). Whyte et al. (2005) describe an adult woman who consistently consumed
1-2 gallons (3.8-7.6 L) of fluid per day (instant tea made with well water); no specific reason for
her high fluid consumption is given.

Fluid requirements of athletes, workers, and military personnel depend on the nature and
intensity of the activity, the duration of the activity, and the ambient temperature and humidity.
Total sweat losses for athletes in various sports can range from 200 to 300 mL/hour to 2,000
mL/hour or more (Convertino et al. 1996; Horswill 1998; Cox et al. 2002; Coyle 2004). Most
recommendations on fluid consumption for athletes are concerned with matching fluid
replacement to fluid losses during the training session or competition to minimize the detrimental
effects of dehydration on athletic performance (Convertino et al. 1996; Horswill 1998; Coris et
al. 2004; Coyle 2004). Depending on the nature of the sport or training session, the ease of
providing fluid, and the comfort of the athlete with respect to content of the gastrointestinal tract,
fluid intake during exercise is often only a fraction (e.g., one-half) of the volume lost, and losses
of 2% of body weight or more might occur during an exercise session in spite of fluid
consumption during the session (Convertmo et al. 1996; Cox et al 2002; Coris et al. 2004; Coyle
2004).

Total daily fluid consumptlon by athletes generally is not reported; for many athletes, it is
probably on the order of 5% of body weight (50 mL/kg/day) or more to compensate for urinary
and respiratory losses as well as sweat losses. For example, Crossman (2003) described a
professionally prepared diet plan for a major league baseball player that includes 26 cups (6.2 L)
of water or sports drink on a workout day and 19 cups (4.5 L) on an off- day, this is in addition to
o171 cups (2.1-2.6 L) of milk, fruit juice, and sports drink with meals and scheduled snacks (total
fluid intake of 6.8-8.8 L/day, or 52-67 mL/kg/day for a 132-kg player 7). While some players and

"The player’s weight was obtained from the 2003 roster of the Cleveland Indians baseball team
(http://cleveland.indians.mib.com).

Copyright © National Academy of Sciences. All rights reserved.
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THE SCIENCE AND PRACTICE
OF CARIES PREVENTION

JOHN D.B. FEATHERSTONE, M.SC., PH.D.

A B S TR A C T

Background and Overview. Dental
caries is a bacterially based disease. When
it progresses, acid produced by bacterial
action on dietary fermentable carbohy-
drates diffuses into the tooth and dis-
solves the carbonated hydroxyapatite min-
eral—a process called demineralization.
Pathological factors including acidogenic
bacteria (mutans streptococci and lacto-
bacilli), salivary dysfunction, and dietary
carbohydrates are related to caries pro-
gression. Protective factors—which
include salivary calcium, phosphate and
protems salivary flow, fluoride in saliva,
and antlbacterlal components or agents—
can balance, prevent or reverse dental
caries.

Conclusions. Caries progression or
reversal is determined by the balance
between protective and pathological fac-
tors. Fluoride, the key agent in battling
caries, works primarily via topical mech-
anisms: inhibition of demineralization,
enhancement of remineralization and
inhibition of bacterial enzymes.

Clinical Implications. Fluoride in drink-
ing water and in fluoride-containing
products reduces caries via these topical
mechanisms. Antibacterial therapy must
be used to combat a high bacterial chal-
lenge. For practical caries management
and prevention or reversal of dental
caries, the sum of the preventive factors
must outweigh the pathological factors.

Ithough the prevalence of dental
caries in children has declined

markedly over the last 20 years in

‘ most countries in the Western world,
the disease continues to be a major problem for both adults
and children everywhere.

The trends in caries in U.S. children during the last 30

years were recently summarized® on the basis of results of

i four national surveys.>® By the late 1980s, although

approximately 75 percent of children aged 5 to 11 years

were caries-free, about 70 percent of the 12- to 17-year-olds

i still had caries. Approximately 25 percent of children and
adolescents in the 5- to 17-year age range accounted for 80

: percent of the caries in permanent teeth. By age 17 years,

however, 40 percent of the population accounted for 80 per-

cent of the caries.® These findings illustrate the need for

: management of caries by individual risk assessment and

: for measures more specifically directed to high-risk people

and populations.
Although these prevalence rates still leave much to be

desired, the overall caries prevalence in children has

{ indeed declined in the United States. Smaller epidemiolog-
ic studies in recent years indicate, however, that the
decline in caries has not continued during the 1990s and

! that it may have plateaued.®
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The reasons for the reduc-
tions in caries prevalence dur-
ing the last 20 years are diffi-
cult to pinpoint. Strong evi-
dence exists, however, that the
near universal use of fluoride-
containing products such as
dentifrice, mouthrinses and top-
ical gels applied in the dental
office have been major contribu-
tors.”® Earlier caries reductions
of 40 to 70 percent (before the
1970s) had resulted from the
fluoridation of public water sup-
plies in many communities.*!?

Dental caries in adults also
continues to be a major prob-
lem, as illustrated by a recent
U.S. survey.” The survey
reported that 94 percent of all
dentate adults (aged 18 years
or older) had evidence of treat-
ed or untreated coronal caries.

Caries obviously still is a
major problem in adults, as
well as children, and we need
an improved approach to pre-
vention and therapy. This arti-
cle reviews and summarizes the
scientific basis for and practice
of successful intervention in
the caries process.

THE CARIES PROCESS

Bacterial plaque and acid
production. The caries process

is now well-understood; much of

it has been described extensively
in the dental literature. Some
details of the caries process
remain to be unraveled, but, in
general, we understand the
process well enough to initiate
better-targeted methods of caries
prevention and intervention.
The mechanism of dental
caries formation is essentially
straightforward.! Plaque on the
oo bt
surface of the tooth consists of a
bacterial film that produces
acids as a byproduct of its
metabolism.*"® To be specific,

certain bacteria within the

888 JADA, Vol. 131, July 2000

Copyright ©1998-2001 American Dental Association. All rights reserved.

plaque are acidogenic—that is,
they produce acids when they
metabolize fermentable carbo-
hydrates.'?'*15 These acids can
dissolve the calcium phosphate
mineral of the tooth enamel or
dentin in a process known as
demineralization.s'® If this
process is not halted or re-
versed via remineralization—
the redeposition of mineral via
saliva—it eventually becomes a
frank cavity.

Dental caries of the enamel
typically is first observed clini-
cally as a so-called “white-spot
lesion.” This is a small area of
subsurface demineralization
beneath the dental plaque. The

“body of the subsurface lesion

may have lost as much as 50
percent of its original mineral
content and often is covered by
an “apparently intact surface

1’layer.”®® The surface layer forms

by remineralization. The
process of demineralization con-
tinues each time there is carbo-
hydrate taken into the mouth
that is metabolized by the bac-
teria. The saliva has numerous
roles, including buffering (neu-
tralizing) the acid and reminer-
alization by providing minerals
that can replace those dissolved
from the tooth during deminer-
alization.!?02

Any fermentable carbohy-
drate (such as glucose, sucrose,
fructose or cooked starch) can
be metabolized by the acido-
genic bacteria and create the
aforementioned organic acids as
byproducts.?? The acids diffuse
through the plaque and into the
porous subsurface enamel (or
dentin, if exposed), dissociating

.| to produce hydrogen ions as

they travel.!”2 The hydrogen
ions readily dissolve the miner-
al, freeing calcium and phos-
phate into solution, which can
diffuse out of the tooth. Most
importantly, lactic acid dissoci-
ates more readily than the
other acids, producing hydrogen
ions that rapidly lower the pH
in the plaque.!” As the pH is
lowered, acids diffuse rapidly
into the underlying enamel or
dentin.

The two most important
groups of bacteria that predom-
inantly produce lactic acid are
the mutans streptococci and the
lactobacilli.’* Each group con-

.tains several species, each of

which is cariogenic. Mutans
streptococci include Strep-
tococcus mutans and S. sobri-
nus. The lactobacilli species
also are prolific producers of
lactic acid and appear in plaque
before caries is clinically
observed.?? These two groups
of bacteria, either separately or
together, are the primary
causative agents of dental
caries.

HOW FLUORIDE
COMEBATS THE
CARIES PROCESS

The ability of fluoride to pre-
vent and arrest caries has been
researched extensively. Fluo-
ride has three principal topical
mechanisms of action:

== inhihiting bacterial metabo-
lism after diffusing into the

b-d
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bacteria as the hydrogen fluo-
ride, or HF, molecule when the
plaque is acidified;

= inhibiting demineralization
when fluoride is present at the
crystal surfaces during an acid
challenge;

e= enhancing remineralization
and thereby formin ow-
solubility veneer similar to the
acid-resistant mineral fluorap-
atite, or FAP, on the remineral-
ized crystals.

Inhibiting bacterial
metabolism. Several investiga-
tors have studied the possible
effects of fluoride on oral bacte-
ria.®? The most significant
finding reported is that the ion-
ized form of fluoride, or F~, can-
not cross the cell wall and
membrane but can rapidly trav-
el into the cariogenic bacterial
cells in the unchanged form as
HF.26-28

When the pH in the plaque
falls as the bacteria produce
acids, a portion of the fluoride
present in the plaque fluid then
combines with hydrogen ions to
form HF and rapidly diffuses
into the cell, effectively drawing
more HF from the outside.?5%
Once inside the ce]l, the HF dis-
sociates, acidifying the cell and
releasing fluoride ions that
IAfertere WIth enzyme activity
inthe erium. For example,
fluoride inhibits enolase, an
enzyme necessary for the bacte-
ria to metabolize carbohydrates.
As fluoride is trapped in the
cell, the process becomes cumu-
lative.

In summary, fluoride from
topical sources is converted par-
tially to HF by the acid that the
bacteria produce and diffuses
into the cell, thereby inhibiting
essential enzyme activity.

Inhibiting demineraliza-
tion. The mineral of our teeth
(enamel, cementum, dentin)

COVER STORY wee

Figure 1. High-resolution electron microscope images (magnification
approximately ¥2,000,000) of individual enamel crystals. The black
lines are rows of calcium atoms, which are visualized by this tech-
nique. A. Normal enamel crystal showing white patches (arrows),
which are calcium-deficient and carbonate-rich defect regions.

B. Demineralized crystal from the body of a natural caries lesion
showing “large” hexagonal holes coinciding with the “small” defect
regions seen in normal enamel. (Adapted from Featherstone and col-
leagues3°?1 with permission from Karger, Basel.)

and bones is a carbonated
hydroxyapatite® that can be
approximately represented by
this simplified formula:

CalO-x(Na)x(PO4)6-y(Co3)z
(OH), (),

The substitutions in the
hydroxyapatite crystal lattice
(the arrangement of atoms and
ions in the crystal) occur as the
mineral is first laid down dur-

ing tooth development, with the
carbonate (CO,) ion in particu-
lar causing major disturbances
in the regular array of ions in
the crystal lattice.3*® During
demineralization, the carbonate
is lost, and during remineral-
ization it is excluded from the
newly formed mineral. The cal-
clum-deficient, carbonate-rich
regions of the crystal are espe-
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Figure 2. Typical pH curves for normal subjects with normal salivary

flow and for subjects with xerostomia (mean for each group) after
ingestion of sucrose. A curve for ingestion of a sugarfree sweetened
product is shown for comparison. (Reproduced from Featherstone'
with permission of the publisher. Copyright ©1999, Munksgaard.)

cially susceptible to attack by
the acid hydrogen ions during
demineralization, as has been
shown by several investiga-
tors.212%% High-resolution lat-
tice imaging, which images
crystals almost to atomic reso-
lution (viewed at about
x2,000,000 magnification), was
used to illustrate the appear-
ance of hexagonal holes in the
early stages of enamel crystal
dissolution in dental caries ,
(Figure 1), which coincided with
the calcium-deficient, carbon-
ate-substituted regions of the
crystal 338

The ct:a_rbonated hydroxyap-
atite, or:CAP, of our teeth is
much more soluble in acid than
hydroxyapatite, or HAP
(HAP = Ca,,(PO,),(OH),), and
that in turn is much more solu-
ble than fluorapatite, or FAP
(FAP = Ca,(PO,).F,).? in which

890 JADA, Vol. 131, July 2000
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the OH ion in pure hydroxyap-
atite is completely replaced by
an F~ ion. The resulting mineral
FAP is highly resistant to disso-
lution by acid.

Fluoride inhibits demineral-
ization. Sound enamel, except
in its outer few micrometers,
generally contains fluoride at
levels of about 20 to 100 parts
per million, or ppm, depending

on the fluoride ingestion during

: tooth development.* Teeth in
children who lived in areas
with fluoridated drinking water
during tooth development have
fluoride content toward the
higher end of this range. The
outer few micrometers of en-
amel can have fluoride levels of
1,000 to 2,000 ppm.*

Fluoride in the solution sur-
rounding CAP crystals has been
shown to be much more effec-

tive in inhibiting demineraliza-

tion than fluoride incorporated
into the crystals at the levels
found in enamel.?'® Ten Cate,?
Nelson and colleagues® and
Featherstone and colleagues®*
found no measurable reduction
in the acid solubility of synthet-
ic CAP (3 percent CO, by
weight, comparable to that of
dental enamel mineral) with
about 1,000 ppm fluoride incor-
porated. Importantly, this
means that fluoride incorporat-
ed during tooth mineral devel-
opment at normal levels of 20
to 100 ppm (even in areas that
have fluoridated drinking water
or with the use of fluoride sup-
plements) does not measurably
alter the acid solubility of the
mineral. Even when the outer
enamel has higher fluoride lev-
els, such as 1,000 ppm, it does
not measurably withstand acid-
induced dissolution any better
than enamel with lower levels
of fluoride. Only when fluoride
is concentrated into a new crys-
tal surface during remineraliza-
tion is it sufficient to beneficial-
ly alter enamel solubility. The
fluoride incorporated develop-
mentally—that is, systemically
into the normal tooth mineral—
is insufficient to have a measur-
able effect on acid _solubility %
In contrast to the lack of
effect of fluoride incorporated
into the CAP crystals of tooth
mineral developmentally, as lit-
tle as 1 ppm in the acid solution
reduced the dissolution rate of
CAP to a rate equivalent to
that of HAP.* Further increas-
es in fluoride in the acid solu-
tion in contact with the CAP
mineral surface decreased the
solubility rate logarithmically.
These results indicate that if -
fluoride is present in the aque-
ous solution surrounding the
crystals, it is adsorbed strongly
to the surface of CAP carbonat-

N-
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ed apatite (enamel mineral)
crystals and thus acts as a
potent protection mechanism
against acid dissolution of the
crystal surface in the tooth’s
subsurface region. If fluoride is
in the plaque fluid at the time
that the bacteria generate acid,
it will travel with the acid into
the subsurface of the tooth and,
therefore, adsorb to the crystal
surface and protect it against
being dissolved.

In summary, fluoride present
in the water phase at low levels
among the enamel or dentin
crystals adsorbs to these crystal
surfaces and can markedly
inhibit dissolution of tooth min-
eral by acid.?* Fluoride that
acts in this way comes from the
plague fluid via topical sources
such as drinking water and
fluoride products. Fluoride
incorporated during tooth
dévelopment is insufficient to
play a significant role in caries
protection. Fluoride is needed
regularly throughout life to pro-
tect teeth against caries.

Enhancing remineraliza-
tion. As the saliva flows over
the plaque and its components
neutralize the acid, raising the
pH (Figure 2), demineralization
is stopped and reversed. The
saliva is supersaturated with
calcium and phosphate, which
can drive mineral back into the
tooth.?* The partially deminer-
alized crystal surfaces within
the lesion act as “nucleators,”
and new surfaces grow on the
crystals (Figure 3). These
processes constitute remineral-
ization—the replacement of
mineral in the partially de-
mineralized regions of the cari-
ous lesion of enamel or dentin
(including the tooth root).20%
Fluoride enhances remineral-
ization by adsorbing to the crys-
tal surface and attracting calci-

3 e

Figure 3. High-resolution electron microscope images (magnification
approximately x2,000,000) of individual enamel crystals that visualize
remineralization at the atomic level. The black lines are rows of calcium
atoms, which are visualized by this technique. A. Normal enamel crystal
dissected from the inner region of enamel, showing “small” white
patches of calcium-deficient, carbonate-rich regions. B. Crystal on
which a “remineralized” surface veneer has been grown after treat-
ment with fluoride, calcium and phosphate. (Adapted from Featherstone
and cqlleagues, 1981°° with permission from Karger, Basel.)

um ions, followed by phosphate
ions, leading to new mineral
formation. The newly formed
“veneer” excludes carbonate
and has a composition some-

where between HAP and FAP
as described above (Figure 4).
FAP contains approximately
30,000 ppm F and has a very
low solubility in acid. The new
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.~  Enamel crystal = ~
-~ carbonated apatite -

Figure 4. Schematic representation of demineralization followed by
remineralization in the caries process. If remineralization is successful,
the final result is a crystal with a surface veneer of “fluorapatitelike”
mineral of low solubility. (Reproduced from Featherstone® with permis-
sion of the publisher. Copyright ©1999, Munksgaard.)

Figure 5. The caries balance: a schematic diagram of the balance
between pathological and protective factors in the caries process.
(Reproduced from Featherstone' with permission of the publisher.

Copyright ©19998, Munksgaard.)

remineralized crystal now will
behave like low-solubility FAP
rather than the highly soluble
CAP of the original crystal
surface.®

In summary, fluoride in solu-
tion from topical sources en-
hances remineralization by
speeding up the growth of a
new surface on the partially
demineralized subsurface crys-
tals in the caries lesion. The
new crystal surface veneer is
FAP-like, with much lower sol-
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, ubility than the original CAP
‘" tooth mineral. Subsequent acid

challenges must be quite strong
and prolonged to dissolve the
remineralized enamel.

Saliva and caries. Saliva has
a critical role in the prevention
or reversal of the caries process;
it provides calcium, phosphate,
proteins that maintain super-
saturation of calcium in the
plague fluid, proteins and lipids
that form a protective pellicle
on the surface of the tooth, anti-

sociation. All rights reserved.

bacterial substances and
buffers.* The saliva compo-
nents neutralize the acids pro-
duced by bacterial metabolism
in the plaque, raise the pH and
reverse the diffusion gradient
for calcium and phosphate.
Thereby, they return calcium
and phosphate to the subsur-
face lesion, where these ions
can regrow new surfaces on the
crystal remnants that were pro-
duced by demineralization.
These so-called “remineralized”
crystals have a veneer of much
less soluble mineral. Saliva also
clears carbohydrates and acids
from the plaque.

In the case of salivary dys-
function,* all of the above bene-
fits of saliva are reduced or
eliminated (as is illustrated
partially in Figure 2 by the pH
profile of the subjects with
xerostomia).

THE CARIES BALANCE

Fluoride’s three extensively
studied and documented princi-
pal mechanisms of action rely
on the presence of fluoride in
saliva, in the plaque at the
tooth surface and in the fluid
among the crystals in the sub-
surface of the enamel or dentin.
The clinical effects of fluoride,
therefore, can he optimized by
using delivery methods tha
bring Tluoride to the surface of
the tooth and into the plague
rather than incorporating fluo-
ride Into the tooth mineral crys-
(215 o Tooth development.
These-topical delivery methods
are equally applicable to adults
and children and include fluo-
ride in beverages and foods,
dental products and drinking
water. The benefits of continu-
ally providing low levels of fluo-
ride in the saliva and plaque
from the aforementioned topical
sources are described more fully

b-y
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in a recent review article.’

Pathological and protec-
tive factors in the caries bal-
ance. Caries progression, as
opposed to reversal, consists of
a delicate balance between the
aforementioned factors—name-
ly, a bacterially generated acid
challenge and a combination of
demineralization inhibition and
reversal by remineralization.!#2
The balance between pathologi-
cal factors (such as bacteria and
carbohydrates) and protective
factors (such as saliva, calcium,
phosphate and fluoride) is a
delicate one that swings either
way several times daily in most
people (Figure 5).

Protective factors. Saliva is
essential for the protection of
the tooth against dental caries
and provides many natural pro-
tective factors summarized ear-
lier,*** including calcium, phos-
phate, antibacterial components
and other proteins with various
functions. Extrinsic antibacteri-
al agents such as chlorhexidine
also can be considered as pro-
tective factors in this balance,
as can fluoride from external
sources. The mechanisms of
action of fluoride described in
this article apply primarily to
fluoride from topical sources;
systemically incorporated fluo-
ride hias only a minor role in
protecting against dental caries.
T'his conclusion is supported not
only by laboratory data as
described previously, but also
by epidemiologic studies. For
example, a four-year study in
England found a 27 percent
lower caries incidence among
children who were 12 years old
when water fluoridation began
in their communities, relative
to the incidence in control sub-
Jjects of the same age in nonfluo-
ridated areas.® This was a well-
conducted study, and it clearly

showed the posteruptive (topi-
cal) effects of fluoride in the
drinking water. Other studies
have illustrated the weak pre-
eruptive effects of fluoride. For
example, in two groups of
Okinawa nursing students aged
18 to 22 years, there was no dif-
ference in caries status between
‘those who had received fluori-
dated water only until about 5
to 8 years of age (and none
tH&eafter) and those who had
never received fluoridated

drinking water.*

The cariostatic effects of fluo-
ride are, in part, related to the
sustained presence of low con-
centrations of ionic fluoride in
the oral environment,!?:38

derivgd from foods and bever-
ages, drinking water and fluo-
ride-containing dental products
such as toothpaste. Prolonged
and slightly elevated low con-
centrations of fluoride in the
saliva and plaque fluid decrease
the rate of ename] demineral-
ization and enhance the rate of
remineralization.?!:36:384548 For
example, fluoride at 0.04 ppm
in saliva can enhance reminer-
alization. Remineralization of

early lesions also requires calci-

um and phosphate, which are
derived primarily from saliva

| and plaque fluid.

Pathological factors. Patho-
logical factors obviously include
cariogenic bacteria and the fre-
quency of ingestion of ferment-
able carbohydrates that sustain
these bacteria. The importance
of mutans streptococci (which
includes S. mutans and S.
sobrinus) in the development of
dental caries has been reviewed
extensively.'214154%5 Numerous
cross-sectional studies in
humans have shown that great-
er numbers of mutans strep-
tococci and lactobacilli in saliva
or plague are associated with
high caries rates,152549.51-5¢
Longitudinal studies have
shown that an increase over
time in numbers of both of
these bacterial groups is
associated with caries onset
and progression, 24556

CARIES INTERVENTION

The methods of caries interven-
tion can be summarized by join-
ing the principal components of
the caries process with the
interventional possibilities
(Table).

Cariogenic bacteria and
high bacterial challenge.
Dental caries is a transmissible,
bacterially generated disease.
There is the mistaken belief
that drilling out a caries lesion
and placing a restoration elimi-
nates the bacteria and thereby
stops caries progression. Al-
though traditional restorative
work may eliminate the bacte-
ria at the site of the restoration,
the remainder of the mouth is
left untouched, caries continues
unchecked in the remainder of
the mouth and recolonization
commences rapidly at the
margins.*’

It is logical, therefore, to use
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antibacterial therapy—such as
treatment with chlorhexidine
gluconate rinse—as a caries-
preventive measure. Although
this has been proposed for
many years®®® and used in sev-
eral European countries, an
antibacterial approach almost
never is used in the United
States for the prevention of the
progression of dental caries.

One of the difficulties in per-
suading clinicians to use the
antibacterial approach is that
there have not been rapid and
accurate methods of determin-
ing the levels of cariogenic bac-
teria in the mouth. Further-
more, although numerous
studies have indicated that
mutans streptococci and lacto-
bacilli definitely are risk factors
for dental caries, there is no
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one-to-one direct correlation
between levels of these bacteria
and caries progression.?**
However, it now is well-estab-
lished that high levels of
mutans streptococci, high levels

of lactobacilli or both constitute

a “high bacterial challenge.”
This bacterial challenge can be

,balanced by the protective fac-
‘tors described earlier, which
include salivary components—
especially calcium, phosphate
and fluoride—and the amount
of saliva present.*

Figure 5 illustrates the bal-
ance between pathological fac-
tors (including cariogenic bacte-
ria, reduced salivary function
and frequency of use of fer-
mentable carbohydrates) and
protective factors. If these
pathological and protective fac-

tors are in balance, caries does
not progress. If they are out of
balance, caries either progresses
or reverses.

Antibacterial therapy for
caries control. Currently, the
most successful antibacterial

therapy against cariogenic bac-
teria is treatment by chlorhexi-
dine gluconate rinse or geL o
Chlorhexidine is available by
prescription in the United
States. Studies have shown that
a daily dose of chlorhexidine
rinse for two weeks can
markedly reduce the cariogenic
bacteria in the mouth and that,
as a result, recolonization takes
place in three to six months
rather than immediately.® In
patients with high levels of bac-.
teria, therefore, chlorhexidine
treatments at three-month

-2
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intervals are indicated.

The problem faced by clini-
cians is how to determine, in a
timely fashion, whether the
bacterial challenge is high,
medium or low. For many
years, commercial “dip slides”
have been available in Europe,
and they recently became
available in the United
States.5® A saliva sample is
taken from the patient and
incubated on the dip slide; two
days later, a result is provided
of the levels of S. mutans and
lactobacilli bacteria in the
mouth.*® Although these slides
are a major advance in conven-
ience and are the best tools
available at the time of this
writing, it has been shown
that this technology is not
well-correlated with tradition-
al bacterial plating. It is antic-
ipated that methods of rapid
chairside assessment of bacter-
ial challenge, based on molecu-
lar biology, will be available in
the future.

Several investigators have
explored the possibility of
using modern molecular biolo-
gy for better and more rapid
methods of bacterial assess-
ment,*? but they were unable
to overcome a number of com-
plications. An exciting devel-
opment is work by Shi and col-
leagues,® who recently pub-
lished a method using species-
specific monoclonal antibodies
that recognize the surface of
cariogenic bacteria. With this
technology, it is not necessary
to split open the bacterial cells
to assess the internal DNA or
RNA. These probes can be
tagged either with a fluo-
rescent molecule or with a
marker that can be measured
quantitatively in a simple
spectrophotometer.

It is anticipated that these

probes will be available com-
mercially in the near future,
and that clinicians will be able
to use them chairside and
obtain results within a few
minutes. This will enable clini-
cians to determine the quanti-
tative levels of bacteria in a
patient’s mouth while he or
she is in the operatory and to
factor these numbers into an
overall risk assessment of
caries for that patient. It is
envisaged that computer pro-
grams will be available that
will include the assay num-
bers, as well as other data.
The practitioner will receive
guidance as to the level of

caries risk and what regimen
or regimens to use to prevent
further caries and to reduce
the bacterial challenge. With
the new monoclonal antibody
probes, the levels of bacteria
and success of the intervention
could readily be followed over
time. This is an exciting, inno-
vative tool that may become
widely used and accepted
within a few years.

CARIES RISK
ASSESSMENT

Several studies have attempt-
ed to determine risk factors
that can be reliably used to

assess the level of risk of
caries progression in individ-
ual patients. Studies still are
under way, and there is no
definitive formula yet avail-
able. The status of risk assess-
ment was summarized, how-
ever, by the authors of a spe-
cial supplement to The
Journal of the American
Dental Association in 1995;
this publication can be used as
a guide until more definitive
information is available.®
Figure 5 represents a basis for
determining caries risk with
the information currently
available.

It has been established that
high-risk patients include
those who have a high bacteri-
al challenge, which may con-
sist of a combination of high
numbers of mutans streptococ-
ci, lactobacilli or both.
Although fluoride has excel-
lent properties in terms of bal-
ancing caries challenge, if the
challenge is too high, then
fluoride—even at increased
concentrations, with increased
use or both—cannot balance
that challenge. Therefore, in
the case of high bacterial chal-
lenge, the bacterial infection
must be dealt with, typically
with a chlorhexidine rinse, as
well as the enhancement of
salivary action by topical
delivery of fluoride. These
principles apply equally well
to adults and children.
Accurate detection of early
caries can increase the relia-
bility of caries risk assess-
ment, particularly if those
measurements are made at
three- or six-month intervals
and caries progression can be
measured. In the case of caries
progression, obviously, inter-
vention is needed either anti-
bacterially, with fluoride or
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Figure 6. Schematic diagram showing the potential use of specific
Iasers for precise removal of carious enamel and modification of the
surrounding enamel for prevention of further caries progression after
restoration. The laser would be set first to remove a minimum of cari-
ous tissue. Then the walils and base of the cavity preparation would be
treated with the laser to inhibit subsequent caries progression.
(Reproduced from Featherstone’ with the permission of the publisher.
Copyright © 2000 Indiana University School of Dentistry.)

with other techniques, some of
which are described in the fol-
lowing material.

Caries management by
risk assessment. As the
caries risk assessment
methodologies are refined, we
will have more definitive bio-
logical and chemical risk
assessment measures to guide
clinical decision making.
These measures form the
basis for assessing the direc-
tion in which the caries bal-
ance is likely to move for a
particular patient. Early
caries detection, especially in
occlusal surfaces, is an essen-
tial part of caries management

by risk assessment.

Caries management by risk
assessment now is receiving
considerable attention, and
software programs are being
developed that will aid practi-
tioners in assessing risk and
lead them to the use of cur-
rent and new technologies by
specifying treatments recom-
mended for the various risk
categories.>*% As we move into
the future, tooth restorations
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will become less and less
desirable as a treatment and
will be used only as a final
resort when new intervention
measures have failed or when
people have not participated
in caries intervention pro-
grams such as those indicated
previously.

CARIES MANAGEMENT
TOOLS FOR THE FUTURE

Several technological advance-
ments are currently close to
clinical reality and will be
embraced if they are proven
successful.

Assessment of bacterial
,challenge by chairside

'molecular probes. The use

of chairside bacterial probes
for assessing a patient’s cario-
genic bacterial challenge will
be an essential component of
caries management by risk
assessment.

" Caries immunization. In
a program of caries manage-
ment by risk assessment, it is
logical that all available tools
should be used. One such tool
that has been investigated for

many years is an immuniza-
tion against caries. There are
many obstacles to the success
of immunization, as caries is
not a systemic infection that
can be dealt with simply by
administering a specific anti-
biotic. The infection must be
dealt with in the mouth, where
the internal body fluids do not
pass and, therefore, the normal
immune response is not rele-
vant. However, IgA that is pro-
duced by the saliva naturally
can interfere with the coloniza-
tion of the surface of the tooth
by specific bacteria.

Recent studies by Ma and
colleagues ®* have illustrated
the effectiveness of specific IgA
in the inhibition of recoloniza-
tion of mutans streptococci.
The next logical step is to use
this technology as one of the
tools for caries intervention. It
is possible to use genetically
engineered plants, such as
tobacco or alfalfa, to produce
immunoglobulins.®¢” A study is
in progress at the University of
California, San Francisco, to
test IgA that has been pro-

-duced using genetically engi-

neered tobacco plants. At press
time, the results were not
known, but if the trial is suc-
cessful, this IgA can be applied
to the teeth after chlorhexidine
treatment has removed the car-
iogenic bacteria, with the aim
of inhibiting future recoloniza-
tion by mutans streptococci.
Early caries detection
and intervention. Successful
use of the innovative methods
described here for caries inter-
vention will require accurate
methods for the early detection
of dental caries in enamel
and dentin. Early-detection
methods such as fluorescence,
optical coherence tomography,
electrical impedance and
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ultrasonography are likely to
become available for use by cli-
nicians in the near future.®® It
will be possible to detect
lesions in the occlusal surface
and to determine whether they
have progressed into the dentin
and, if so, how far. This is not
possible with current radio-
graphic technology.

Once new methods are intro-
duced for the early detection of
caries, they can be used in two
opposing fashions. Clinicians
with traditional training are
likely to use these methods to
intervene physically at an ear-
lier stage with carious
lesions—drilling, filling and
placing restorations. This out-
come is of concern, as many
more restorations would be
placed than may be necessary,
which weakens the tooth struc-
ture. Early detection and inter-
vention by placing a restoration
also does not take advantage of
the body’s natural protective
mechanisms of inhibition of
demineralization and enhance-
ment of remineralization via
saliva.

Alternatively, early detection
of caries can be used as an
opportunity to promote re-
mineralization via salivary
enhancement, use of topical
fluoride and chlorhexidine and
meticulous oral hygiene. In
addition, as innovative meth-
ods for early caries interven-
tion are introduced, the need
for restorations may be elimi-
nated for many patients, there-
by preserving the tooth struc-
ture and halting or reversing
progression of dental caries.

Caries prevention by
laser treatment. In May 1997,
the U.S. Food and Drug
Administration approved the
use of an erbium:yttrium-
aluminum-garnet, or Er:YAG,

laser for use on teeth. This was
the first approval for laser use
on dental hard tissues. This
approval by the FDA was for
this particular laser to be used
for the removal of dental caries
and the cutting of sound tissue
before the placement of restora-
tions. This event has ushered
in a new era for lasers in den-
tistry. Since then, other lasers
have been approved for the
same purpose, and additional
hard-tissue uses are likely to
be approved in the future,
including the use of lasers for
the inhibition of progression of
dental caries by altering the
composition of surface enamel

or dentin mineral.

Kantorowitz and colleagues®
and Featherstone and col-
leagues™ have studied the
effects of lasers on hard tissues
for-almost 20 years. The overall
objective of these studies is to
establish the scientific basis for
the choice of laser parameters
that can be used clinically for
the prevention, removal or
treatment of caries lesions.
Their studies have demonstrat-
ed that specific pulsed carbon
dioxide, or CO,, laser treat-
ment of dental enamel can
inhibit subsequent carieslike

progression in a severe de-

| mineralization-remineraliza-

tion model in the laboratory by
up to 85 percent. They have
demonstrated that carbonate is
lost from the CAP mineral of
the tooth during specific laser
irradiation, making the miner-
al highly resistant to dissolu-
tion by acid. Although they
have demonstrated in the labo-
ratory, using pH cycling mod-
els, that as little as 20 pulses of
100 microseconds each can pro-
duce a preventive effect similar
to daily use of fluoride denti-
frice, these promising and
exciting results have not yet
been tested in human mouths.™
For practical purposes, it
would be desirable to develop a
laser that can remove carious
tissue and subsequently be
used to treat the walls of the
area from which carious tissue
is removed to make them
resistant to subsequent caries
challenge™ (Figure 6). Fried
and colleagues™ recently pub-
lished a report on a new CO,
laser that efficiently removes
carious tissue. After caries and
a minimal amount of surround-
ing tissue are removed, it will
be possible to change the laser
parameters to perform caries-
preventive treatment on the
same area. This would be fol-
lowed by placement of a resin-
based composite restoration,
thereby inhibiting subsequent
caries around that restoration.
For example, if an early oc-
clusal lesion was detected (by
the new methods described pre-
viously) that was deemed to be
beyond hope of remineraliza-
tion, this lesion could be con-
servatively removed with an
appropriate laser. Then the
surrounding cavity preparation
walls could be treated for caries
prevention by the laser and a
small conservative restoration
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placed. The cavity walls will be
highly resistant to acid attack
and therefore resistant to sec-
ondary caries. Providing bacter-
ial intervention via chlorhexi-
dine rinse was also part of the
treatment in the same patient,
future caries would be unlikely.

SUMNMARY AND
CONCLUSIONS

The mechanism of dental caries
is well-established to the point
where new approaches are
being made for caries preven-
tion based on a scientific under-
standing of the processes
involved. Several existing
methodologies are available to
enable successful management
of dental caries by risk assess-
ment. Understanding the bal-
ance between pathological fac-
tors and protective factors is
the key. Beyond the well-
established and currently used
methods, some innovative and
exciting techniques have shown
early research successes that
most likely will be used for
early caries intervention in the
future. These methods include
fluoride therapy for inhibition of
demineralization and enhance-
ment of remineralization, mole-
cular probes for the quantita-
tive detection of cariogenic bac-
teria at chairside, computerized
caries risk assessment pro-
grams, genetically engineered
IgA for inhibition of recoloniza-
tion of cariogenic bacteria, spe-
cific lasers for conservative
removal of carious tissue and
specific lasers for the preven-
tion of caries progression.

The use of these technologies
will require extensive retraining
of clinical dentists. But it will
dramatically alter the way in
which dentists diagnose, inter-
vene, treat and manage caries,
with major benefits to the oral
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health of their patients. =
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enamel fluorosis. This occurs on baby and permanent teeth while they are forming under the gums. Once
the teeth come into the mouth, they are no longer able to develop this condition. Typically, very mild or

mild fluorosis is barely noticeable, if noticed at all. Studies have not shown that teeth are likely to develop
more esthetically noticeable forms of fluorosis, even with regular mixing of formula with fluoridated water.

In children younger than 8 years of age, combined fluoride exposure from all sources—water, food,
toothpaste, mouth rinse, or other products—contributes to enamel fluorosis. Currently one-third (33%) of
children aged 12 to 15 years in the United States have very mild to mild forms of this condition. it is
important to understand that some fiuoride exposure to developing teeth also plays a long-term role in
preventing tooth decay. Parents and health providers should weigh the balance between a child’s risk for
very mild or mild enamel fiuorosis and the benefit of fluoride for preventing tooth decay and the need for
dental fillings.

The possibility of an association between fluoride in infant formula and the risk for enamel fluorosis has
been studied for many years. Until now, most researchers concluded that fluoride Tntake uring a child's
first 10 1012 months had little |mpact on the development of this condition in permanent teeth. A recen
study, iowaver, fias raised the possibility that fluoride exposure during_the first year of life may play a—
mwmmWﬁWm
amount of the fluoride contained in the water used for mixing i mula may in a child’s risk for
arly it the child’s sole source of nutrition is from reconstituted infant

formula.
ity

CDC will continue to assess the science regarding the use of fluoride in preventing tooth decay while
limiting enamel fluorosis, and will modify its recommendations as warranted. CDC believes that
community water fluoridation is safe and healthy and promotes its use for people of all ages.

What is the best source of nutrition for infants?

What type of water does CDC recommend for mixing infant formula?

Why is there a focus on infant formula as a source of fluoride?

What types of infant formula may increase the risk for enamel fluorosis?

What is enamel fluorosis?

Should zall parents consider mixing formula with water from sources other than tap water?
How can | find out what the concentration of fluoride is in my tap water?

My city has community water fluoridation (adjusted fiuoride in the public water supply). Is it
safe to use this tap water for my baby?

Is all bottled water low in fluoride?

Can mixing formula with optimally fluoridated tap water cause moderate or severe fluorosis?
Are children today at greater risk for developing fiuorosis from infant formula mixed with

fluoridated water than children in the past?
o Will using only low fluoride water to mix formula eliminate the risk for fluorosis?

e What can be done to reduce my child’s chance of developing fluorosis?

What is the best source of nutrition for infants?

Breastfeeding is ideal for infants. CDC is committed to increasing breastfeeding rates
throughout the United States and to promoting optimal breastfeeding practices. Both
babies and mothers gain many benefits from breastfeeding. Breast milk is easy to digest
and contains antibodies that can protect infants from bacterial and viral infections. More
can be learned about this subject at http://www.cdc.gov/breastfeeding/.

If breastfeeding is not possible, several types of formula are available for infant feeding.
Parents and caregivers are encouraged to speak with their pediatrician about which type
of infant formula is best suited for their child.

Back to Top
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What type of water does CDC recommend for mixing infant formula?

Page 2 of 4

Parents should follow the advice of the formula manufacturer and their child’s doctor for

the type of water appropriate for the formula they are using. Parents and caregivers of

infants fed primarily with formula from concentrate who are concerned about the effect that

mixing their infant’s formula with fluoridated water may have in developing enamel

fluorosis can lessen this expasure by mixing formula with low fluoride water most or all of
the time. This may be tap water, if the public water system is not fluoridated (check with
your local water utility). If tap water is fluoridated or has substantial natural fluoride (0.7

mg/L or higher), a parent may consider using a low-fluoride alternative water source.

Bottied water known to be low in fluoride is labeled as purified, deionized, demineralized,

distilled, or prepared by reverse osmosis. Most grocery stores sell these types of low-

fluoride water. Ready to feed (no-mix) infant formula typically has little fluoride and may

be preferred for use at least some of the time.

Back to Top

Why is there a focus on infant formula as a source of fluoride?

Infant formula manufacturers take steps to assure that infant formula contains low fluoride

levels—the products themselves are not the issue. Although formula itself has low

amounts of fluoride, when infant formula concentrate is mixed with fluoridated water and

used as the primary source of nutrition, it may introduce fluoride at levels above the

amount recommended to minimize the risk for fluorosis. Infants consume little other than
breast milk or formula during the first four to six months of life, and continue to have a high
intake of liquids during the entire first year. Therefore, proportional to body weight, fluoride

intake from liquids is generally higher for younger or smaller children than for older
children, adolescents, or adults. Mixing concentrate with fluoridated tap water on an

occasional basis is unlikely to be of much risk. However, when used consistently as the
primary source of nutrition over longer periods of the first year, a child may receive enough

fluoride to increase his/her chances of developing very mild or mild fluorosis.

Back to Top

What types of infant formula may increase the risk for enamel fiuorosis?

There are three types of formula, including powder, which comes in bulk or single serve

packets, concentrated fiquid, or ready-to-feed formula. Ready-to-feed formula is more

convenient, but also more expensive. Powder formula is usually the least expensive, but

requires mixing with water, as does the liquid concentrate.

Ready-to-feed formula contains little fluoride and does not contribute to enamel fluorosis.
Those types of formula that require mixing with water—powdered or liquid concentrates—
can be the child’s main source of fluoride intake (depending upon the water source) and

may contribute to this condition.

Back to Top

What is enamel fluorosis?

Enamel fluorosis is a hypomineralization of the enamel surface of the tooth that develops

during tooth formation. Clinically, this appears as a range of cosmetic changes varying

from barely noticeable white lines or spots to pitting and staining of the outer enamel layer.
More cosmetically objectionable forms of this condition can occur when young children

consume. éxcess fluoride from all sources during critical periods of tooth development.

More can be learned about enamel fluorosis at

http://www.cde.gov/fluoridation/safety/enamel fluorosis.htm.

Back fo To|

Should all parents consider mixing formula with water from sources other than tap water?

There is no evidence that water containing low concentrations of fluoride introduces a risk
for enamel fluorosis in the developing teeth of young children. Some tap water and most
bottled water contain low concentrations of fluoride. Mixing concentrate with fluoridated

tap water on an occasional basis is unlikely to be of much consequence.
whose primary nutrition source is formula from concentrates, parents sho
CORSIdEe uoT| ncentration in their water séurce when making decisions

about mixing formula.
e ereeteremety

Back to Top

http://www.cdc.gov/FLUORIDATION/safety/infant formula.htm

N

2/3/2010



Infant Formula - Safety - Community Water Fluoridation - Oral Health Page 3 of 4

How can i find out what the concentration of fluoride is in my tap water?

The best source of information on fluoride levels in your water system is your local water
utility. Other knowledgeable sources may be a local public health authority, dentist, dental
hygienist, or physician. My Water's Fluoride on the CDC Web site allows consumers in
currently participating states to learn the fluoridation status of their water system. Nearly
all tap water contains some natural fluoride, but, depending on the water system, the
concentration can range from very low (0.2 mg/L fluoride or less) to very high (2.0 mg/L
fluoride or higher). Approximately 69% of all public water systems serving about 184
million people have optimally adjusted fluoride in their water—that is between 0.7 and 1.2
mg/L. fluoride. ’

Back to Top

My city has community water fluoridation (adjusted fluoride in the public water supply). Is it safe
to use this tap water for my baby?

Water fluoridation is safe, effective, and healthy. Water fiuoridated at a level optimal for
oral health poses no known health risks for infants. However, some children may develop
enamel fluorosis, a cosmetic condition. Al persons should know whether the fluoride
concentration in their primary source of drinking water is below optimal (less than 0.7 mg/L
fluoride), optimal (0.7-1.2 mg/L fluoride), or above optimal (greater than 1.2 mg/L fluoride).
Use of water below 0.7 mg/L fluoride contributes to a very small risk of developing this
condition. The risk increases with an increasing level of fluoride and depends on other
factors, such as age and weight of The child and how much formula they drink each day.
Knowiedge of the fiuoride Jevel in the drinking waler is also the basis for other individual
and professional decisions regarding use of fluoride products by children, such as fluoride
toothpaste, mouth rinses, or dietary supplements. In addition, people living in areas where
naturally occurring fluoride levels in drinking water are greater than 2 mg/L should
consider an alternative water source or home water treatments to reduce the risk of
fluorosis for young children. Contact your local water company or utility to learn the
fluoride level in your water supply.

Back to Top

Is all bottled water low in fluoride?

Most bottled water contains low fluoride concentrations; however, much variation exists—
some brands may contain optimal or higher levels. Because there currently is no
requirement to display the fluoride concentration on bottie labels, you may need to contact
the bottler to learn the level of fluoride in bottled drinking water. Certain types of bottled
water are, by definition, always low in fluoride and can reliably be used for mixing formula.
Water labeled as purified, distilled, deionized, demineralized, or produced through reverse
osmosis are always low in fluoride.

Back to Top

Can mixing formula with optimally fluoridated tap water cause moderate or severe fluorosis?

For decades, parents have been mixing infant formula with optimally fluoridated tap water
(a level determined by the U.S. Public Health Service between 0.7 mg/L fluoride and 1.2
mg/L. fluoride and maintained by your water utility to maximize decay prevention and limit
fluorosis potential) and no association has been observed between infant formula use and
an increased risk for moderate or severe fluorosis. There is no clear evidence that using
infant formula from concentrates as the primary souce of nutrition increases a child’s
chances of developing the more severe forms of fluorosis; however, there may be an
increased risk for very mild to mild forms.

Back to To|

Are children today at greater risk for developing fluorosis from infant formula mixed with
fluoridated water than children in the past?

Children today are at no greater risk of developing enamel fluorosis from infant formula

than children in previous generations. Little has changed with regard to the amount of
fluoride consumed or the concentration of fluoride in the formula. There has always been

some level of very mild and mild fiuorosis in children, but it was thought to beé caused by

fluoride intake after age one. Howevel ence indicates that fluoride exposure
during the f life may play a greater role in developing fluorosis than was
previously thought, so parents may consider reducing the potential for this conamon by

limiting fluoride from this source.
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Back to Top

Will using only low fluoride water to mix formula eliminate the risk for fluorosis?

Using only water with low fluoride levels to mix formula will not eliminate the risk of enamel
fluorosis. But following such a practice may reduce the chance of fluorosis occurring. This
condition occurs among some children in all communities, even in communities with a low
natural concentration of fluoride in the water. Other factors that contribute to developing
fluorosis include swallowing of toothpaste and use of dietary supplements that include
fluoride (tablets or drops). Learn more about simple steps to take care of children’s teeth.
(PDF-170K)

Back to Top
What can be done to reduce my child’s chance of developing fluorosis?

CDC has developed recommendations to reduce the risk for gnamel fluorosis. Remember,
fluorosis can only occur during the time of enamel formation, before the teeth come into
the mouth. Young children who use multiple sources of fiuoride such as fluoride
toothpaste, dietary supplements, and water with optimal or higher natural fluoride have a
higher risk for this condition. Community water fluoridation is a safe, effective, and
inexpensive way to prevent tooth decay, and CDC recommends continuing and extending
this practice. Steps can be taken to reduce the potential for enamel fluorosis associated
with drinking water and other fluoride products. Learn more about recommendations on
how to reduce the risk for enamel fluorosis.

Back to Top
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Achievements in Public Health, 1900-1999:
Fluoridation of Drinking Water to Prevent
Dental Caries

Fluoridation of community drinking water is a major factor responsible for the decline in dental
caries (tooth decay) during the second half of the 20th century. The history of water fluoridation
is a classic example of clinical observation leading to epidemiologic investigation and
community-based public health intervention. Although other fluoride-containing products are
available, water fluoridation remains the most equitable and cost-effective method of delivering
fluoride to all members of most communities, regardless of age, educational attainment, or
income level.

Dental Caries

Dental caries is an infectious, communicable, multifactorial disease in which bacteria dissolve
the enamel surface of a tooth (1). Unchecked, the bacteria then may penetrate the underlying
dentin and progress into the soft pulp tissue. Dental caries can result in loss of tooth structure
and discomfort. Untreated caries can lead to incapacitating pain, a bacterial infection that leads
to pulpal necrosis, tooth extraction and loss of dental function, and may progress to an acute
systemic infection. The major etiologic factors for this disease are specific bacteria in dental
plaque (particularly Streptococcus mutans and lactobacilli) on susceptible tooth surfaces and the
availability of fermentable carbohydrates.

At the beginning of the 20th century, extensive dental caries was common in the United States
and in most developed countries (2). No effective measures existed for preventing this disease,
and the most frequent treatment was tooth extraction. Failure to meet the minimum standard of
having six opposing teeth was a leading cause of rejection from military service in both world
wars (3,4). Pioneering oral epidemiologists developed an index to measure the prevalence of
dental caries using the number of decayed, missing, or filled teeth (DMFT) or decayed, missing,
or filled tooth surfaces (DMFS) (5) rather than merely presence of dental caries, in part because
nearly all persons in most age groups in the United States had evidence of the disease.
Application of the DMFT index in epidemiologic surveys throughout the United States in the
1930s and 1940s allowed quantitative distinctions in dental caries experience among
communities--an innovation that proved critical in identifying a preventive agent and evaluating
its effects.

History of Water Fluoridation g

D
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Soon after establishing his dental practice in Colorado Springs, Colorado, in 1901, Dr. Frederick
S. McKay noted an unusual permanent stain or "mottled enamel" (termed "Colorado brown
stain" by area residents) on the teeth of many of his patients (6). After years of personal field
investigations, McKay concluded that an agent in the public water supply probably was
responsible for mottled enamel. McKay also observed that teeth affected by this condition
seemed less susceptible to dental caries (7).

Dr. F. L. Robertson, a dentist in Bauxite, Arkansas, noted the presence of mottled enamel
among children after a deep well was dug in 1909 to provide a local water supply. A hypothesis
that something in the water was responsible for mottled enamel led local officials to abandon
the well in 1927. In 1930, H. V. Churchill, a chemist with Aluminum Company of America, an
aluminum manufacturing company that had bauxite mines in the town, used a newly available
method of spectrographic analysis that identified high concentrations of fluoride (13.7 parts per
million [ppm]) in the water of the abandoned well (8). Fluoride, the ion of the element fluorine,
almost universally is found in soil and water but generally in very low concentrations (less than
1.0 ppm). On hearing of the new analytic method, McKay sent water samples to Churchill from
areas where mottled enamel was endemic; these samples contained high levels of fluoride (2.0-
12.0 ppm).

The identification of a possible etiologic agent for mottled enamel led to the establishment in
1931 of the Dental Hygiene Unit at the National Institute of Health headed by Dr. H. Trendley
Dean. Dean's primary responsibility was to investigate the association between fluoride and
mottled enamel (see box). Adopting the term "fluorosis" to replace "mottled enamel," Dean
conducted extensive observational epidemiologic surveys and by 1942 had documented the
prevalence of dental fluorosis for much of the United States (9). Dean developed the ordinally
scaled Fluorosis Index to classify this condition. Very mild fluorosis was characterized by
small, opaque "paper white" areas affecting less than or equal to 25% of the tooth surface; in
mild fluorosis, 26%-50% of the tooth surface was affected. In moderate dental fluorosis, all
enamel surfaces were involved and susceptible to frequent brown staining. Severe fluorosis was
characterized by pitting of the enamel, widespread brown stains, and a "corroded" appearance

).

Dean compared the prevalence of fluorosis with data collected by others on dental caries
prevalence among children in 26 states (as measured by DMFT) and noted a strong inverse
relation (10). This cross-sectional relation was confirmed in a study of 21 cities in Colorado,
Illinois, Indiana, and Ohio (11). Caries among children was lower in cities with more fluoride in
their community water supplies; at concentrations greater than 1.0 ppm, this association began

~ tolevel off. At 1.0 ppm, the prevalencie of dental fluorosis was low and mostly very mild.

* The hypothesis that dental caries could be prevented by adjusting the fluoride level of
community water supplies from negligible levels to 1.0-1.2 ppm was tested in a prospective
field study conducted in four pairs of cities (intervention and control) starting in 1945: Grand
Rapids and Muskegon, Michigan; Newburgh and Kingston, New York; Evanston and Oak Park,
Illinois; and Brantford and Sarnia, Ontario, Canada. After conducting sequential cross-sectional
surveys in these communities over 13-15 years, caries was reduced 50%-70% among children in
the communities with fluoridated water (12). The prevalence of dental fluorosis in the
intervention communities was comparable with what had been observed in cities where drinking
water contained natural fluoride at 1.0 ppm. Epidemiologic investigations of patterns of water
consumption and caries experience across different climates and geographic regions in the
United States led in 1962 to the development of a recommended optimum range of fluoride
concentration of 0.7-1.2 ppm, with the lower concentration recommended for warmer climates
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(where water consumption was higher) and the higher concentration for colder climates (13).

The effectiveness of community water fluoridation in preventing dental caries prompted rapid
adoption of this public health measure in cities throughout the United States. As a result, dental
caries declined precipitously during the second half of the 20th century. For example, the mean
DMFT among persons aged 12 years in the United States declined 68%, from 4.0 in 1966-1970
(14) to 1.3 in 1988-1994 (CDC, unpublished data, 1999) (Figure 1). The American Dental
Association, the American Medical Association, the World Health Organization, and other
professional and scientific organizations quickly endorsed water fluoridation. Knowledge about
the benefits of water fluoridation led to the development of other modalities for delivery of
fluoride, such as toothpastes, gels, mouth rinses, tablets, and drops. Several countries in Europe
and Latin America have added fluoride to table salt.

Effectiveness of Water Fluoridation

Early studies reported that caries reduction attributable to fluoridation ranged from 50% to 70%,
but by the mid-1980s the mean DMFS scores in the permanent dentition of children who lived
in communities with fluoridated water were only 18% lower than among those living in
communities without fluoridated water (15). A review of studies on the effectiveness of water
fluoridation conducted in the United States during 1979-1989 found that caries reduction was
8%-37% among adolescents (mean: 26.5%) (16).

Since the early days of community water fluoridation, the prevalence of dental caries has
declined in both communities with and communities without fluoridated water in the United
States. This trend has been attributed largely to the diffusion of fluoridated water to areas
without fluoridated water through bottling and processing of foods and beverages in areas with
fluoridated water and widespread use of fluoride toothpaste (17). Fluoride toothpaste is
efficacious in preventing dental caries, but its effectiveness depends on frequency of use by
persons or their caregivers. In contrast, water fluoridation reaches all residents of communities
and generally is not dependent on individual behavior.

Although early studies focused mostly on children, water fluoridation also is effective in
preventing dental caries among adults. Fluoridation reduces enamel caries in adults by 20%-
40% (16) and prevents caries on the exposed root surfaces of teeth, a condition that particularly
affects older adults.

Water fluoridation is especially beneficial for communities of low socioeconomic status (18).
These communities have a disproportionate burden of dental caries and have less access than
higher income communities to dental-care services and other sources of fluoride. Water
fluoridation may help reduce such dental health disparities.

Biologic Mechanism

Fluoride's caries-preventive properties initially were attributed to changes in enamel during

tooth development because of the association between fluoride and cosmetic changes in enamel

and a belief that fluoride incorporated into enamel during tooth development would result in a

more acid-resistant mineral. However, laboratory and epidemiologic research suggests that

fiuoride prevents dental caries predominately after eruption of the tooth info the mouth, and its

actions primarily are topical Tor both adults and children (1). These mechanisms include 1)

inhibition of demineralization, Z) enhancement of remineralization, and 3) inhibition of bacterial

activity in dental plaque (1). ‘
A v 2}
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Enamel and dentin are composed of mineral crystals (primarily calcium and phosphate)
embedded in an organic protein/lipid matrix. Dental mineral is dissolved readily by acid
produced by cariogenic bacteria when they metabolize fermentable carbohydrates. Fluoride
present in solution at low levels, which becomes concentrated in dental plaque, can substantially
inhibit dissolution of tooth mineral by acid.

. Fluoride enhances remineralization by adsorbing to the tooth surface and attracting calcium ions
present in saliva. Fluoride also acts to bring the calcium and phosphate ions together and is
included in the chemical reaction that takes place, producing a crystal surface that is much less
soluble in acid than the original tooth mineral (1).

Fluoride from topical sources such as fluoridated drinking water is taken up by cariogenic
bacteria when they produce acid. Once inside the cells, fluoride interferes with enzyme activity
of the bacteria and the control of intracellular pH. This reduces bacterial ac1d production, Whlch
directly reduces the dissolution rate of tooth mineral (19).

Population Served by Water Fluoridation

By the end of 1992, 10,567 public water systems serving 135 million persons in 8573 U.S.
communities had instituted water fluoridation (20). Approximately 70% of all U.S. cities with
populations of greater than 100,000 used fluoridated water. In addition, 3784 public water
systems serving 10 million persons in 1924 communities had natural fluoride levels greater than
or equal to 0.7 ppm. In total, 144 million persons in the United States (56% of the population)
were receiving fluoridated water in 1992, including 62% of those served by public water
systems. However, approximately 42,000 public water systems and 153 U.S. cities Wlth
populations greater than or equal to 50,000 have not instituted fluoridation.

Cost Effectiveness and Cost Savings of Fluoridation

Water fluoridation costs range from a mean of 31 cents per person per year in U.S. communities
of greater than 50,000 persons to a mean of $2.12 per person in communities of less than 10,000
(1988 dollars) (21). Compared with other methods of community-based dental caries
prevention, water fluoridation is the most cost effective for most areas of the United States in
terms of cost per saved tooth surface (22).

Water fluoridation reduces direct health-care expenditures through primary prevention of dental
caries and avoidance of restorative care. Per capita cost savings from 1 yeat of fluoridation may
range from negligible amounts among very small communities with very low incidence of
caries to $53 among large communitiés with a high incidence of disease (CDC, unpublished
data, 1999). One economic analysis estimated that prevention of dental caries, largely attributed
to fluoridation and fluoride-containing products, saved $39 billion (1990 dollars) in dental-care
expenditures in the United States during 1979-1989 (23).

Safety of Water Fluoridation

Early investigations into the physiologic effects of fluoride in drinking water predated the first
community field trials. Since 1950, opponents of water fluoridation have claimed it increased
the risk for cancer, Down syndrome, heart disease, osteoporosis and bone fracture, acquired

immunodeficiency syndrome, low intelligence, Alzheimer disease, allergic reactions, and other
health conditions (24). The safety and effectiveness of water fluoridation have been re-evaluated
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frequently, and no credible evidence supports an association between fluoridation and any of
these conditions (25).

21st Century Challenges

Despite the substantial decline in the prevalence and severity of dental caries in the United
States during the 20th century, this largely preventable disease is still common. National data
indicate that 67% of persons aged 12-17 years (26) and 94% of persons aged greater than or
equal to 18 years (27) have experienced caries in their permanent teeth.

Among the most striking results of water fluoridation is the change in public attitudes and
expectations regarding dental health. Tooth loss is no longer considered inevitable, and
increasingly adults in the United States are retaining most of their teeth for a lifetime (12). For
example, the percentage of persons aged 45-54 years who had lost all their permanent teeth
decreased from 20.0% in 1960-1962 (28) to 9.1% in 1988-1994 (CDC, unpublished data, 1999).
The oldest post-World War II "baby boomers" will reach age 60 years in the first decade of the
21st century, and more of that birth cohort will have a relatively intact dentition at that age than
any generation in history. Thus, more teeth than ever will be at risk for caries among persons
aged greater than or equal to 60 years. In the next century, water fluoridation will continue to
help prevent caries among these older persons in the United States.

Most persons in the United States support community water fluoridation (29). Although the
proportion of the U.S. population drinking fluoridated water increased fairly quickly from 1945
into the 1970s, the rate of increase has been much lower in recent years. This slowing in the
expansion of fluoridation is attributable to several factors: 1) the public, some scientists, and
policymakers may perceive that dental caries is no longer a public health problem or that
fluoridation is no longer necessary or effective; 2) adoption of water fluoridation can require
political processes that make institution of this public health measure difficult; 3) opponents of
water fluoridation often make unsubstantiated claims about adverse health effects of
fluoridation in attempts to influence public opinion (24); and 4) many of the U.S. public water
systems that are not fluoridated tend to serve small populations, which increases the per capita
cost of fluoridation. These barriers present serious challenges to expanding fluoridation in the
United States in the 21st century. To overcome the challenges facing this preventive measure,
public health professionals at the national, state, and local level will need to enhance their
promotion of fluoridation and commit the necessary resources for equipment, personnel, and

. training.

Reported by Div of Oral Health, Natlonal Center for Chronic Disease Prevention and Health
Promotion, CDC.
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volume > 2.5 L/day, and up to 12% have frank nephrogenic diabetes insipidus characterized by a
urine volume > 3 L/day (Mukhopadhyay et al. 2001).

Five papers described dental fluorosis in association with diabetes insipidus or polydipsia
(Table 2-3). Two of the papers described cases of dental fluorosis in the United States resulting
from fluoride concentrations of 1, 1.7, or 2.6 mg/L in drinking water (Juncos and Donadio 1972;
Greenberg et al. 1974). The two individuals drinking water with fluoride at 1 7 and 2.6 mg/L
also had roentgenographic bone changes consistent with “systemic fluorosis”® (Juncos and
Donadio 1972). These patients and four other renal patients in the U.S. “in whom fluoride may
have been the cause of detectable clinical and roentgenographic effects” were also reported by
Johnson et al. (1979); most of the patients had urine volumes exceeding 3 L/day and drinking
water with fluoride concentrations around 1.7-3 mg/L.

Moderate and severe dental fluorosis have been reported in diabetes insipidus patients in
other countries with drinking water containing fluoride at 0.5 mg/L (Klein 1975) or 1 mg/L
(Seow and Thomsett 1994), and severe dental fluorosis with skeletal fluorosis has been reported
with fluoride at 3.4 mg/L (Mehta et al. 1998). Greenberg et al. (1974) recommended that
children with any disorder that gives rise to polydipsia and polyurla be supplied a portion of
their water from a nonfluoridated source.

Table 2-4 provides examples of fluoride intake by members of several population
subgroups characterized by above-average water consumption (athletes and workers, patients
with diabetes mellitus or diabetes insipidus). It should be recognized that, for some groups of
people with high water intakes (e.g., those with a disease condition or those playing indoor
sports such as basketball or hockey), there probably will be little correlation of water intake with
outdoor temperature—such individuals in northern states would consume approximately the
same amounts of water as their counterparts in southern states. However, fluoridation still varies
from state to state (Appendix B), so that some individuals could consume up to 1.7 times as
much as others for the same water intake (1.2 versus 0.7 mg/L).

Background Food

Measured fluoride in samples of human breast milk is very low. Dabeka et al. (1986)
found detectable concentrations in only 92 of 210 samples (44%) obtained in Canada, with
fluoride ranging from <0.004 to 0.097 mg/L. The mean concentration in milk from mothers in
fluoridated communities (1 mg/L in the water) was 0.0098 mg/L; in nonfluoridated communities,
the mean was 0.0044 mg/L). Fluoride concentrations were correlated with the presence of
fluoride in the mother’s drinking water. Spak et al. (1983) reported mean fluoride concentrations
in colostrum of 0.0053 mg/L (0.28 M/L) in an area in Sweden with fluoride at 0.2 mg/L in
drinking water and 0.0068 mg/L (0.36 uM/L) in an area with fluoride at 1.0 mg/L in the drinking
water; in the fluoridated area, the mean fluoride concentration in mature milk was 0.007 mg/L

¥These two individuals also had impaired renal function, which could have increased their retention of fluoride (see
Chapter 3).

Greenberg et al. (1974) listed “central diabetes insipidus, psychogenic water ingestion, renal medullary disease,
including hypercalemic nephropathy, hypokalemic nephropathy and anatomic and vascular disturbances and those
diseases causing solute diuresis™ as disorders associated with “excessive” consumption of water and therefore the
possibility of “fluoride toxicity in a community with acceptable fluoride concentration.”

N-z2t
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(0.37 uM/L). No statistically significant difference in milk fluoride concentration between the
two areas was found.

Hossny et al. (2003) reported fluoride concentrations in breast milk of 60 mothers in
Cairo, Egypt, ranging from 0.002 to 0.01 mg/L [0.1-0.6 pM/L; median, 0.0032 mg/L (0.17
uM/L); mean, 0.0046 mg/L (0.24 uM/L)]. Cairo is considered nonfluoridated, with a reported
water fluoride concentration of 0.3 mg/L (Hossny et al. 2003). Opinya et al. (1991) found higher
fluoride concentrations in mothers’ milk (mean, 0.033 mg/L; range, 0.011-0.073 mg/L), but her
study population was made up of mothers in Kenya with an average daily fluoride intake of 22.1
mg. However, even at very high fluoride intakes by mothers, breast milk still contains very low
concentrations of fluoride compared with other dietary fluoride sources. No significant
correlation was established between the fluoride in milk and the intake of fluoride in the Kenyan
study (Opinya et al. 1991). ‘

Cows’ milk likewise contains very low fluoride concentrations, compared with other
dietary sources such as drinking water. Dairy milk samples measured in Houston contained
fluoride at 0.007 to 0.068 mg/L (average, 0.03 mg/L) (Liu et al. 1995). Milk samplesin 11
Canadian cities contained 0.007-0.086 mg/L (average, 0.041 mg/L) (Dabeka and McKenzie
1987). A sample of soy milk contained much more fluoride than a sample of dairy milk, with a
measured concentration of 0.491 mg/L (Liu et al. 1995).

Infant formulas vary in fluoride content, depending on the type of formula and the water
with which it is prepared. Dabeka and McKenzie (1987) reported mean fluoride concentrations
in ready-to-use formulas of 0.23 mg/L for formulas manufactured in the United States and 0.90
mg/L for formulas manufactured in Canada. Van Winkle et al. (1995) analyzed 64 infant
formulas, 47 milk-based and 17 soy-based. For milk-based formulas, mean fluoride
concentrations were 0.17 mg/L for ready-to-feed, 0.12 mg/L for liquid concentrates reconstituted
with distilled water, and 0.14 mg/L for powdered concentrates reconstituted with distilled water.
Mean fluoride concentrations for soy-based formulas were 0.30, 0.24, and 0.24 mg/L for ready-
to-feed, liquid concentrates, and powdered concentrates, respectively (the latter two were
reconstituted with distilled water). Obviously, the fluoride concentration in home-prepared
formula depends on the fluoride concentrations in both the formula concentrate and the home
drinking water. Fomon et al. (2000) have recommended using low-fluoride water to dilute infant
formulas.

Heilman et al. (1997) found 0.01 to 8.38 pg of fluoride per g of prepared infant foods.
The highest concentrations were found in chicken (1.05-8.38 pg/g); other meats varied from 0.01
pg/g (veal) to 0.66 pg/g (turkey). Other foods—fruits, desserts, vegetables, mixed foods, and
cereals—ranged from 0.01 to 0.63 pg/g. The fluoride concentrations in most foods are
attributable primarily to the water usgd in processing (Heilman et al. 1997); fluoride in chicken is
due to processing methods (mechanical deboning) that leave skin and residual bone particles in
the meat (Heilman et al. 1997; Fein and Cerklewski 2001). An infant consuming 2 oz (about 60
g) of chicken daily at 8 pg of fluoride per g would have an intake of about 0.48 mg (Heilman et
al. 1997). .

Tea can contain considerable amounts of fluoride, depending on the type of tea and its .
source. Tea plants take up fluoride from soil along with aluminum (Shu et al. 2003; Wong et al.
2003). Leaftea, including black tea and green tea, is made from the buds and young leaves of
the tea plant, the black tea with a fermentation process, and the green tea without. Oolong tea is
intermediate between black and green tea. Brick tea, considered a low-quality tea, is made from
old (mature) leaves and sometimes branches and fruits of the tea plant (Shu et al. 2003; Wong et
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al. 2003). Fluoride accumulates mostly in the leaves of the tea plant, especially the mature or
fallen leaves. Measured fluoride concentrations in tea leaves range from 170 to 878 mg/kg in
different types of tea, with brick tea generally having 2-4 times as much fluoride as leaf tea
(Wong et al. 2003). Commercial tea brands in Sichuan Province of China ranged from 49 to 105
mg/kg dry weight for green teas and 590 to 708 mg/kg dry weight for brick teas (Shu et al.
2003). Infusions of Chinese leaf tea (15 kinds) made with distilled water have been shown to
have fluoride at 0.6-1.9 mg/L (Wong et al. 2003). Brick teas, which are not common in the
United States, contain 4.8-7.3 mg/L; consumption of brick teas has been associated with
fluorosis in some countries (Wong et al. 2003). '

Chan and Koh (1996) measured fluoride contents of 0.34-3.71.mg/L (mean, 1.50 mg/L)
in caffeinated tea infusions (made with distilled, deionized water), 1.01-5.20 mg/L. (mean, 3.19
mg/L) in decaffeinated tea infusions, and 0.02-0.15 mg/L (mean, 0.05 mg/L) in herbal tea
infusions, based on 44 brands of tea available in the United States (Houston area). Whyte et al.
(2005) reported fluoride concentrations of 1.0-6.5 mg/L in commercial teas (caffeinated and
decaffeinated) obtained in St. Louis (prepared with distilled water according to label directions).
Warren et al. (1996) found fluoride contents of 0.10-0.58 mg/L in various kinds and brands of
coffee sold in the United States (Houston area), with a slightly lower mean for decaffeinated
(0.14 mg/L) than for caffeinated (0.17 mg/L) coffee. Instant coffee had a mean fluoride content
of 0.30 mg/L (all coffees tested were prepared with dejonized distilled water). Fluoride
concentrations of 0.03 mg/L (fruit tea) to 3.35 mg/L (black tea) were reported for iced-tea
products sold in Germany primarily by international companies (Behrendt et al. 2002).

In practice, fluoride content in tea or coffee as consumed will be higher if the beverage is
made with fluoridated water; however, for the present purposes, the contribution from water for
beverages prepared at home is included in the estimated intakes from drinking water, discussed
earlier. Those estimates did not include commercially available beverages such as fruit juices
(not including water used to reconstitute frozen juices), juice-flavored drinks, iced tea beverages,
carbonated soft drinks, and alcoholic beverages. Kiritsy et al. (1996) reported fluoride
concentrations in juices and juice-flavored drinks of 0.02-2.8 mg/L (mean, 0.56 mg/L) for 532
different drinks (including five teas) purchased in Jowa City (although many drinks represented
national or international distribution); frozen-concentrated beverages were reconstituted with
distilled water before analysis. White grape juices had the highest mean fluoride concentration
(1.45 mg/L); upper limits on most kinds of juices exceeded 1.50 mg/L. Stannard et al. (1991)
previously reported fluoride concentrations from 0.15 to 6.80 mg/L in a variety of juices
originating from a number of locations in the United States. The variability in fluoride
concentrations is due primarily to variability in fluoride concentrations in the water used in
manufacturing the product (Kiritsy et al. 1996). The high fluoride content of grape juices (and
grapes, raisins, and wines), even when little or no manufacturing water is involved, is thought to
be due to a pesticide (cryolite) used in grape growing (Stannard et al. 1991; Kiritsy et al. 1996;
Burgstahler and Robinson 1997).

Heilman et al. (1999) found fluoride concentrations from 0.02 to 1.28 mg/L (mean, 0.72
mg/L) in 332 carbonated beverages from 17 production sites, all purchased in Iowa. In general,
these concentrations reflect that of the water used in manufacturing. Estimated mean intakes
from the analyzed beverages were 0.36 mg/day for 2- to 3-year-old children and 0.60 mg/day for
7- to 10-year-olds (Heilman et al. 1999). Pang et al. (1992) estimated mean daily fluoride
intakes from beverages (excluding milk and water) for children of 0.36, 0.54, and 0.60 mg, for
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4 FLUORIDE IN DRINKING WATER: A SCIENTIFIC REVIEW OF EPA’S STANDARDS

Two of the 12 members of the committee did not agree that severe enamel fluorosis
should now be considered an adverse health effect. They agreed that it is an adverse dental
effect but found that no new evidence has emerged to suggest a link between severe enamel
fluorosis, as experienced in the United States, and a person’s ability to function. They judged
that demonstration of enamel defects alone from fluorosis is not sufficient to change the
prevailing opinion that severe enamel fluorosis is an adverse cosmetic effect. Despite their
disagreement on characterization of the condition, these two members concurred with the
committee’s conclusion that the MCLG should prevent the occurrence of this unwanted
condition.

Enamel fluorosis is also of concern from an aesthetic standpoint because it discolors or
results in staining of teeth. No data indicate that staining alone affects tooth function or
susceptibility to caries, but a few studies have shown that tooth mottling affects aesthetic
perception of facial attractiveness. It is difficult to draw conclusions from these studies, largely
because perception of the condition and facial attractiveness are subjective and culturally
influenced. The committee finds that it is reasonable to assume that some individuals will find
moderate enamel fluorosis on front teeth to be detrimental to their appearance and that it could
affect their overall sense of well-being. However, the available data are not adequate to
Categorize moderate enamel fluorosis as an adverse health effect on the basis of structural or
psychological effects.

Since 1993, there have been no new studies of enamel fluorosis in U.S. communities with
fluoride at 2 mg/L in drinking water. Earlier studies indicated that the prevalence of moderate
enamel fluorosis at that concentration could be as high as 15%. Because enamel fluorosis has
different distribution patterns among teeth, depending on when exposure occurred during tooth
development and on enamel thickness, and because current indexes for categorizing enamel
fluorosis do not differentiate between mottling of anterior and posterior teeth, the committee was
not able to determine what percentage of moderate cases might be of cosmetic concern.

Musculoskeletal Effects

Concerns about fluoride’s effects on the musculoskeletal system historically have been
and continue to be focused on skeletal fluorosis and bone fracture. Fluoride is readily
incorporated into the crystalline structure of bone and will accumulate over time. Since the
previous 1993 NRC review of fluoride, two pharmacokinetic models were developed to predict
bone concentrations from chronic exposure to fluoride. Predictions based on these models were
used in the committee’s assessments below.

Skeletal Fluorosis

Skeletal fluorosis is a bone and joint condition associated with prolonged exposure to
high concentrations of fluoride. Fluoride increases bone density and appears to exacerbate the
growth of osteophytes present in the bone and joints, resulting in joint stiffness and pain. The
condition is categorized into one of four stages: a preclinical stage and three clinical stages that
increase in severity. The most severe stage (clinical stage IIT) historically has been referred to as
the “crippling” stage. At stage II, mobility is not significantly affected, but it is characterized by

D->2
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epidemiologic, and clinical data on fluoride—particularly data published since the NRC’s
previous (1993) report—and exposure data on orally ingested fluoride from drinking water and
other sources. On the basis of its review, the committee was asked to evaluate independently the
scientific basis of EPA’s MCLG of 4 mg/L and SMCL of 2 mg/L in drinking water and the
adequacy of those guidelines to protect children and others from adverse health effects. The
committee was asked to consider the relative contribution of various fluoride sources (e.g.,
drinking water, food, dental-hygiene products) to total exposure. The committee was also asked
to identify data gaps and to make recommendations for future research relevant to setting the
MCLG and SMCL for fluoride. Addressing questions of artificial fluoridation, economics, risk-
benefit assessment, and water-treatment technology was not part of the committee’s charge.

THE COMMITTEE’S EVALUATION

To accomplish its task, the committee reviewed a large body of research on fluoride,
focusing primarily on studies generated since the early 1990s, including information on
exposure; pharmacokinetics; adverse effects on various organ systems; and genotoxic and
carcinogenic potential. The collective evidence from in vitro assays, animal research, human
studies, and mechanistic information was used to assess whether multiple lines of evidence
indicate human health risks. The committee only considered adverse effects that might result
from exposure to fluoride; it did not evaluate health risk from lack of exposure to fluoride or
fluoride’s efficacy in preventing dental caries.

, After reviewing the collective evidence, including studies conducted since the early
1990s, the committee concluded unanimously that the present MCLG of 4 mg/L for fluoride
shouldbe lowered. Exposure at the MCLG clearly puts children at risk of developing severe
T Nt 0 T ] o —~— [y o

enamel fluorosis, a condition that is associated with enamel loss and pitting. In addition, the
majority of the committee concluded that the MCLG is not likely to be protective against bone
fractures. The basis for these conclusions is expanded upon below. '

Exposure to Fluoride

The major sources of exposure to fluoride are drinking water, food, dental products, and
pesticides. The biggest contributor to exposure for most people in the United States is drinking
water. Estimates from 1992 indicate that approximately 1.4 million people in the United States
had drinking water with natural flupride concentrations of 2.0 to 3.9 mg/L, and just over 200,000
people had concentrations equal to’or exceeding 4 mg/L (the presented MCL). In 2000, it was
estimated that approximately 162 million people had artificially fluoridated water (0.7 to 1.2
mg/L).

Food sources contain various concentrations of fluoride and are the second largest
contributor to exposure. Beverages contribute most to estimated fluoride intake, even when
excluding contributions from local tap water. The greatest source of nondietary fluoride is dental

* products, primarily toothpastes. The public is also exposed to fluoride from background air and
from certain pesticide residues. Other sources include certain pharmaceuticals and consumer

products.

Copyright © National Academy of Sciences. All rights reserved,
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conclusions. Overall, the results are mixed, with some studies reporting a positive association
and others no association.

On the basis of the committee’s collective consideration of data from humans, -
genotoxicity assays, and studies of mechanisms of action in cell systems (e.g., bone cells in
vitro), the evidence on the potential of fluoride to initiate or promote cancers, particularly of the
bone, is tentative and mixed. Assessing whether fluoride constitutes a risk factor for
osteosarcoma is complicated by the rarity of the disease and the difficulty of characterizing
biologic dose because of the ubiquity of population exposure to fluoride and the difficulty of
acquiring bone samples in nonaffected individuals. ‘

A relatively large hospital-based case-control study of osteosarcoma and fluoride
exposure is under way at the Harvard School of Public Health and is expected to be published in
the summer of 2006. That study will be an important addition to the fluoride database, because it
will have exposure information on residence histories, water consumption, and assays of bone
and toenails. The results of that study should help to identify what future research will be most
useful in elucidating fluoride’s carcinogenic potential.

DRINKING-WATER STANDARDS
Maximum Contaminant Level Goal

In light of the collective evidence on various health end points and total exposure to
fluoride, the committee concludes that EPA’s MCLG of 4 mg/L should be lowered. Lowering
the MCLG will prevent children from developing severe enamel fluorosis and will reduce the
lifetime accumulation of fluoride into bone that the majority of the committee concludes is likely
to put individuals at increased risk of bone fracture and possibly skeletal fluorosis, which are
particular concerns for subpopulations that are prone to accumulating fluoride in their bones.

To develop an MCLG that is protective against severe enamel fluorosis, clinical stage IT
skeletal fluorosis, and bone fractures, EPA should update the risk assessment of fluoride to
include new data on health risks and better estimates of total exposure (relative source
contribution) for individuals. EPA should use current approaches for quantifying risk,
considering susceptible subpopulations, and characterizing uncertainties and variability.

Secondary Maximum Contaminant Level

g
The prevalence of severe €rniamel fluorosis is very low (near zero) at fluoride

concentrations below 2 mg/L. From a cosmetic standpoint, the SMCL does not completely
prevent the occurrence of moderate enamel fluorosis. EPA has indicated that the SMCL was
intended to reduce the severity and occurrence of the condition to 15% or less of the exposed
population. The available data indicate that fewer than 15% of children will experience

" moderate enamel fluorosis of aesthetic concern (discoloration of the front teeth) at that
concentration. However, the degree to which moderate enamel fluorosis might go beyond a
cosmetic effect to create an adverse psychological effect or an adverse effect on social
functioning is not known.

Copyright © National Academy of Sciences. All rights reserved.
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Summary

Under the Safe Drinking Water Act, the U.S. Environmental Protection Agency (EPA) is
required to establish exposure standards for contaminants in public drinking-water systems that
might cause any adverse effects on human health. These standards include the maximum
contaminant level goal (MCLG), the maximum contaminant level (MCL), and the secondary
maximum contaminant level (SMCL). The MCLG is a health goal set at a concentration at
which no adverse health effects are expected to occur and the margins of safety are judged
“adequate.” The MCL is the enforceable standard that is set as close to the MCLG as possible,
taking into consideration other factors, such as treatment technology and costs. For some
contaminants, EPA also establishes an SMCL, which is a guldelme for managing drinking water
for aesthetic, cosmetic, or technical effects.

Fluoride is one of the drinking water contaminants regulated by EPA. In 1986, EPA
established an MCLG and MCL for fluoride at a concentration of 4 milligrams per liter (mg/L)
and an SMCL of 2 mg/L. These guidelines are restrictions on the total amount of fluoride
allowed in drinking water. Because fluoride is well known for its use in the prevention of dental
caries, it is important to make the distinction here that EPA’s drinking-water guidelines are not
recommendations about adding fluoride to drinking water to protect the public from dental
caries. Guidelines for that purpose (0.7 to 1.2 mg/L) were established by the U.S. Public Health
Service more than 40 years ago. Instead, EPA’s guidelines are maximum allowable
concentrations in drinking water intended to prevent toxic or other adverse effects that could
result from exposure to fluoride.

In the early 1990s at the request of EPA, the National Research Council (NRC)
independently reviewed the health effects of ingested fluoride and the scientific basis for EPA’s
MCL. It concluded that the MCL was an appropriate interim standard but that further research
was needed to fill data gaps on total exposure to fluoride and its toxicity. Because new research
on fluoride is now available and because the Safe Drinking Water Act requires petiodic
reassessment of regulations for drinking-water contaminants, EPA requested that the NRC again
evaluate the adequacy of its MCLG and SMCL for fluoride to protect public health.

COMMITTEE’S TASK

In response to EPA’s request, the NRC convened the Committee on Fluoride in Drinking
Water, which prepared this report. The committee was charged to review toxicologic,

Copyright © National Academy of Sciences. All rights reserved.



RCW 70.119A.080

(1) The department [Department of Health] shall administer a drinking water program
which includes, but is not limited to, those program elements necessary to assume
primary enforcement responsibility for part B, and section 1428 of part C of the federal
safe drinking water act. ...

(2) The department shall enter into an agreement of administration with the department
of ecology and any other appropriate agencies, to administer the federal safe drinking
water act.

(3) The department is authorized to accept federal grants for the administration of a

primary program.

RCW 43.21A.445 |

The department of ecology, the department of natural resources, the department of
health, and the oil and gas conservation committee are authorized to participate fully in
and are empowered to administer all programs of Part C of the federal Safe Drinking
Water Act (42 U.S.C. Sec. 300h et seq.), as it exists on June 19, 1986, contemplated for
state participation in administration under the act.

40 C.F.R. 42.10

A State has primary enforcement responsibility for public water systems in the State
during any period for which the Administrator determines ... that such State, pursuant to
appropriate State legal authority:

(a) Has adopted drinking water regulations which are no less stringent than the -
national primary drinking water regulations NPDWRs) in effect under part 141
of this chapter....
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Fact Sheet on Questions About Bottled Water and Fluoride

Some consumers use bottled water as a beverage for various reasons, including as a convenient
means of hydration during their activities or as a taste preference. Besides having a cost that is
between one-to-five thousand times more expensive than tap water, bottled water may not have a
sufficient amount of fluoride, which is important for good oral health. Some bottled waters contain
fluoride, and some do not. Fluoride can occur naturally in source waters used for bottling or be
added. Most bottled waters contain fluoride at levels that are less than optimal for oral health. This
fact sheet covers common questions about bottled water and fluoride.

Is the amount of fluoride in bottled water listed on the label?

The U.S. Food and Drug Administration (FDA) does not require bottlers to list the fluoride content in
a bottle of water, but does require fluoride additives to be listed. In 2006, the FDA approved labeling
with the statement, “Drinking fluoridated water may reduce the risk of tooth decay,” if the bottled
water contains greater than 0.6 milligrams per liter (mg/L) and up to 1.0 mg/L.

How can I find out the level of fluoride in bottled water?
You must contact the manufacturer to ask about the fluoride content of a particular brand of bottled
water.

Will the fluoride content change if the water is stored in a bottle for a lengthy period of time?
Fluoride will not react with other minerals in the water during storage, or with its plastic or glass
container. The FDA considers bottled water to be safe indefinitely if produced in accordance with
quality standard regulations and if stored in an unopened, properly sealed container without
subsequent damage. However, many bottlers list an expiration date. If there is no expiration date, it is
a reasonable practice not to consume water 2 years after the date of purchase because undetected
deterioration of the packaging may have occurred.

Does consuming bottled water lead to more cavities?

Your oral health—specifically how many cavities you have—depends on many factors, only one of
which is how much fluoride you get in the form of toothpaste, mouthwash, water, food, and
applications by dental professionals (other factors include how often and how well you brush and
floss, what you eat, and whether you get good dental care). If you mainly drink bottled water with no
or low fluoride and you are not getting enough fluoride from other sources, you may get more
cavities than you would if fluoridated tap water were your main water source.

Does the FDA regulate fluoride in bottled water?

Yes. The federal Food, Drug, and Cosmetic Act provides FDA with broad regulatory authority over
food, including bottled water, that is introduced or delivered for interstate commerce (produced and
sold in more than one state). Bottled water that is in intrastate commerce (produced and sold only in
one state) is under the jurisdiction of the state in which the bottled water is produced and sold. You

http://www.cdc.gov/print.do?url=http%3 A%2F%2Fwww.cdc.gov%2FFLUORIDATION%...  2/5/2010
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need to contact the manufacturer to ask if their product is under FDA jurisdiction or state jurisdiction.

What FDA regulations apply to bottled water?

The FDA regulations for governing the standards of “quality and identity” for bottled water are found
in the Code of Federal Register 21 CFR 165.110. The FDA standards of quality state that domestic
bottled water with no added fluoride may contain between 1.4 and 2.4 mg/L fluoride, depending on
the annual average of maximum daily air temperatures at the location where the bottled water is sold
at retail. Imported bottled water with no added fluoride may not contain fluoride in excess of 1.4
mg/L. Domestic bottled water with added fluoride can contain between 0.8 and 1.7 mg/L fluoride,
depending on the annual average of maximum daily air temperatures at the location where the bottled
water is sold at retail. Imported bottled water with added fluoride may not contain more than 0.8
mg/L fluoride. The labeling requirements by the FDA do not stipulate listing the actual fluoride
content, so you will still need to contact the manufacturer to inquire about verified ﬂuonde levels of
their product.

Does the EPA have jurisdiction over the quality of bottled water?

The EPA does not have jurisdiction over the quality of bottled water. The U.S. Environmental
Protection Agency (EPA) and the FDA have a 1979 Memorandum of Agreement specifying that the
EPA regulates safe drinking water in accordance with the Safe Drinking Water Act, and the FDA
regulates bottled water as a consumer beverage under the Food, Drug, and Cosmetic Act (Federal
Register, Volume 44, No. 141, July 20, 1979). The FDA has its own regulations on standards of
quality, identity, and good manufacturing practices that bottled water must meet.

Can I use fluoridated water for preparing infant formula?

Yes, you can use fluoridated water for preparing infant formula. However, if your child is exclusively
consuming infant formula reconstituted with fluoridated water, there is an increased potential for
mild dental fluorosis, which is a white spotting on teeth. Additional information can be found in the
Fact Sheet on Infant Formula.

Related Links

e FDA Bottled Water Regulations
e Ask the Regulators — Bottled Water Regulatlon and the FDA
o National Sanitation Foundation Types and Treatment of Bottled Water*

* Links to non-Federal organizations are provided solely as a service to our users. Links do not
constitute an endorsement of any orgamzatlon by CDC or the Federal Government, and none should
be inferred. The CDC is not responsible for the content of the individual organization Web pages
found at this link.

Date last reviewed: December 9, 2009

Date last updated: December 9, 2009

Content source: Division of Oral Health, National Center for Chronic Disease Prevention and
Health Promotion

Page Located on the Web at

http://www.cde.gov/FLUORIDATION/fact_sheets/bottled water.htm
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MOU 225-79-2001 : -
http://www . fda.gov/AboutFDA/Partnershipscollaborations/MemorandaofunderstandingMous/
DomesticMOUs/ucml16216.htm

Memorandum of Understanding

Between e .
Thg'Env1ronmenta1 Protection. Agency
an - .o ..

The Food and Drug Administration

I. Purpose: i
This>Mgmarandum-of understanding establishes an agreement between the
Environmerital Protection Agency (EPA) and the Food and Drug Administration (FDA)
with regard to the control of direct and findirect additives to and substances in
drinking water. .

EPA and FDA agree:

A. That contamination of drinking water from the use and application of direct
iandb%ndirEQI'additiVes and other substances poses a potential public health
problem;

B. That the scope of the additives problem in terms of the health significance
of these contaminants ih drinking water s not fully known;

CT. That the possibility of overlapping jurisdiction between EPA and FDA with
respect to control of drinking water additives has been the subject of
Congressional :as well as public concern;

D. That the autherity to control the use and apﬁ?ﬁcation of direct and indirect
additives to and substancés in_ drinking water should be vested “in a single
regulatory agency to avoid dupTicative and inconsistent regulation;

E. That EPA has been mandated by Congress under the Safe Drinking water Act
(SDWAY, as amended, to assure that the public is provided with safe drinking
water;

F. That EPA has been mandatet by Congress under the Toxic Substances Control Act
(TSCA) to protect against unreasonable_risks to health and the environment from
‘toxic substances by requiring, finter alia, testing and necessary restrictions on
the use, manufacture, processing, distribution, and disposal of chemical
substances and mixtures;

G. That EPA has been mandated by Congress under ‘the Federal Insecticide;,
Fungicide, 'and Rodenticide Act (FIFRA), as amended, to assure, 7inter alia, that
when used propérly, pesticides will perform thejr intended function without
causing unreasonag]e adverse efﬁéCts on ‘the environment; and,

H. That FDA has been mandated by Congress under the Federal Food, Drug, and
Cosmetic Act (FFDGA), as amended, to protect the pubTlic from, inter alia, the
adilteration of food by food additives and poisonous and deleterious substances.

It is the intent of the parties that:

A. EPA will have responsibility for direct and indirect additives to and other
substances ip drinking water under the SDWA, TSCA, and FIFRA; and,

B. FDA will have responsibility for water, and substances “in water, used in food
and for food processing and responsibility for bottled drinking water under the
FFDCA.,

II. Background:

A. FDA Legal Authority
Page 1
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"Food" means. articles used for food or drink for man or other animals and
components of such articles, (FFDCA Section 201(F)). _uUnder Section 402, <inter
alia, a food may not contain any added poisonous or deleterious substance that
may render it injurious to health, or be prepared, packed or handled under
unsanitary conditions. Tolerances may be set, under section 406, limiting the
guantity of any substance which is required for the production of foed or cannot
be avoided in food. FDA has the authority undér section 409 to issue food
additive regu?ationssapﬁroving, with or without conditions, or denying the use
of a "food additive." That tetrm is defined ‘in Section 201(s) to include any
substance the intended use of which results or may reasonable be expected to
result, directly or indirectly, in its becoming a component or otherwise
affecting the characteristics of any food, if such substance is not generally
recognized as safe. '

In the past, FDA has considered drinking water to be a food under Section
201(F). However, both parties have determined that the passage of the SDWA n
1974 implicitly repealed FDA's authority under the FFDCA over water used for
drinking water purposes. under the express provisions of Section 410 of the
FFDCA, FDA retains authority over bottled drinking water. Furthermore, all water
used 1n food remains a ‘food and subject to:the_?rovisﬁpn§_cf the FFDCA. Water
used. for food processing is subject to applicable provisions of FFDCA. Moréover,
all substances in water used in Tood are added substances_subject io ‘the
provisions of the FFDCA, but no substances added to a ggbjic dri@king,Water
system before the water enters a food processing establishment will be
considered a food additive. :

B. EPA Legal Authprﬁtﬁ- ) . ‘ \ s

The SDWA .grants EPA the authority to contrel contaminants in drinking water
which may have any adverse effect on the public health, through the
establishment of maximum contaminaft Tevels (MCLs) or treatment techniques,
under section 1412, which are applicable to owners and operators of public water
sﬁstemsj The expressed <intent of the Act was teo give EPA exclusive control over
b

the safety of public water supplies. Public water systems may also be required
Yy Tegulation to conduct monitoring for unregulated comtaminants under Section
1445 and to issue public notification of such levels under Section 1414(c).

EPA's direct authority to control additives to drinking water apart from the
existence of maximum contaminant levels or treatment techniques is Timited to
its emergency powers. -under Section 1431, However, Section 1442(b) of the aAct
authorizes EPA to "collect and make available information pertaining to
research, investigatjons, and demonstrations with respect to providing a
dependably safe supply of drinking water together with appropriate
recommendations therewith.™

TSCA gives EPA authority to regulate chemical substances, mixtures and urder
some circumstances; articles containihg such substances or mixtures. Section 4
permits EPA to require testing of a chemical substance or mixture based on
possible unreasonable risk of ipjury to health or the environment, or _on
significant or substantidl human or environmental exposure while Section 8
enables EPA to reguire submission of data showing substantial risk of injury to
health or the environment, existing health and safety studies, and other data.
For new chemical substances, and significant new uses of existing chemical
substances, Section 5 requires manufacturers to provide EPA with
pre-manufacturing notice., Under Séction 6 the manufacture, processing, o
distribution, use, and disposal of a chemical substance or mixture determined to
be harmful may be restricted or banned, Although Section 3(2)(B) of Tsca
excludes from the definition of "chemical substance" food and food additives as
defined under FFDCA, the impTicit repeal by ‘the SDWA of FDA's authority over
drinking water enables EPA to regulate direct and indirect additives to drinking
water as chemical substances and mixtures under TSCA. ‘

=3

The. FIFRA requires EPA to set restrictions on the use of pesticides to assure
that when used properly, they will not cause unreasonable adverse effects on the

Page 2
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environment, EPA may require, inter alia Tabeling which specifies how, when, and
where a pesticide may be legally used. In addition, EPA has, under Section 409
of the FFDCA, required FIFRA registrants at times to obtain a food additive
tolerance before using a_ﬁestit1de in or around a drinking water source. such
tolerances establish %urt.er restrictions on ‘the use of a pesticide which are
enforceable against the water supplier as wel7l as the registrant of the
pesticide.

III. Terms of Agreement:

A. EPA's responsibilities are as_fo]lows: L.

1. To estabTish appropriate regulations, and to take appropriate measures, under
‘the SDWA and/or TSCA, and FIFRA, to certrol direct additives to drinking water
(which encompass any substances purposely added to the waker), and indirect
additives Cwﬁiéh-encompass any substance which might 1each from paints, coatings
.orbother materials as an incidental result of drinking water contact), and other
. substances.

2. To establish appropriate regulations under the SDWA to Timit the
concentrations of pesticidés in drinking water; the Timitations on
concentrations and types of pesticides ‘in water are presently set by EPA ‘through
tolerances under Section 409 of the FEDCA.

3. To continue to provide technical assistance in the form of informal advisory
opinions on drinking water additives under Section 1442(b) of the SDWA,

4. To_conduct and reguire research and monitoring and the submission of data
relative to ‘the problem of direct and indirect additives in drinking wateéer in
order to accumulate data coneerning the health risks posed by the presence of
these contaminants in drinking water.

B. FDA's responsibilities are as follows: A

1. To take appropriate regulatory action under the authority of the FFDCA to
contro] bottled drinking water and water, and sibstances in water, used in food
and for food processing.

2. To provide assistance to EPA to facilitate the transition of
responsibilities, including: . . .

a) To review existing FDA approvals in order to identify their applicability to
additives in drinking water. ) .

b) To provide a mutually agreed upon level of assistance in conducting
Titerature searches related to»thmco10ﬁicaﬁ decision making.

c) To provide a senior toxicologist to help EPA devise new procedures and
protocols to be used n formulating advice on direct and indireet additives to
drinking water.

Iv. Duration of Agreement: .
ThTS,MEmdFandum.df-Understandnng’sha11-continue in effect unless modified by
mutual consent of both parties or terminated by either party upen thirty (30)
days. advance written notice to the other. _ ‘ _
This Memeorandum of Understanding will become effective on the date of ‘the last
signature, :

Approved and Accepted 1

for the Environmental Protection Agency

Signed by: pouglas P. Costle
Administrator . ,
Ehvironmental Protection Agency
Date: June 12, 1979
Approved and Accepted
for the Food and Drug Administration
Signed by: Dondld kennedy
Administrator i .
Food and Drug Administration
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Date: June 22, 1979
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NSF Liternational

Ann Arbor, M1 « Sacramefito, CA « Washington, D.C. » Brussels, Belgium

Tuly 7, 2000

The Honorable Ken Calvert

Chairman Subtommittée-on Energy and the Environment
Committee on Science

U. S. House of Representatives

Suite 2320, Rayburn House Office Building

Washington, DC 20515-6301

Dear Mr. Chairman:

Thank you for your letter of May:8,:2000 to Di. Joseph Cotruvo wherein you request
information from NSF International (NSF) on fluoride containing compounds. We
appreciate having received an extension in order to-allow NSF staff sufficient time to
provide a comprehensive Tesponse to your request.

This response is comprised of a general information section entitled Background on.NSF
and the Drinking Water Additives Program and a section that answers the 8-questions in
your Igttér. I have attached additional documents that will also assist in answering your
questions.

It is important to note that your questions relate to two separate issues, and departments;
within NSF.— standards-and protluct certification. First, ANSI/NSF Standard 60— the
American National Standard developed by NSF and a consortium of major stakeholders
consisting of the-American Water Works Association {AWWA), the. AWWA Research
Foundation (AWWARF), the Association of State Dfirking Water Administrators
{ASDWA), and the now mactlve Conference of State Health and Environmental Managers
(COSHEM) was developed from 1985 to 1987, Second, NSF operates a separate product
testing, certification and listing program based on the requiremenits of the standard.

The health based pnnclples of Standard 60 were originally developed by the NSF Health
Advisory Board (HAB)- whxch wis.a panél of non-NSF health science experts. This group
continues its role in an advisory and oversight function to NSF and its Toxicologystaff.to
agsure that ANSUNSF Standards-are consistent with. eurrent pubhc health principles.

The standard and the certification program are recognized and utilized by AWWA and its
member utilities; and adopted in most state regulations. More than 43-states have
regulations in place requiring produet compliance with: ANS]?NSF Standard. 60, (See
Attachment t 14). The program provides a product quahty ‘and safety-assurance that aimg:to
prevent addition of harmful levels of contaminants from treatment chemicals.

P.O, Box 130140 Ann Arbor, Michigan 48113:0140 USA
734-769-8010 1-800-NSF-MARK Fax 734-769-0109
E:Mail: info@nsf.org Web:htip://wiwwinsfiorg Page 1 of 10
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Fluorosilicate products-are comprised of a fluoridle entity as well as a silicate entity.
Based on previously published studies, there is virtually complete dissociation of the
fluoride and silicate entities in dilute solutions. As: such, the toxicological evaluation of
flnorosilicate prodiicts is conducted through the evaluation of each entity separately.

ANSI/NSF Standard 60 requires, when available, that the U.S. EPA regulated Maximum
Contaminant Level (MCL) be used to determine the acceptable level for a contaminant.
The MCL for fluoride is-4 mg/L of drinking water. As such;, NSF has not independently
developed toxicology data to support this level of human exposure “The Maximium
Allowable Level (MAL) for fluoride 1on 1n diinking water from NSF Certified treatment
chemicals:is 1.2 mg/L, oi-less than one:third the EPA’s: MCL.. The product Maximum Use
Level MUL) certified by NSF ranges from 4 - 6.6 mg/L.

There is'no EPA MCL for silicate in drinking water. When an MCL-does not exist fora
contaminant, ANS/NSF Standard 60 provides criteria to conduct-a toxwologlcal risk
assessthent of the contarinant.and the development of-a Maxinium Drinking Water Level
(MDWL). NSF has established a Maximum Drinking Water Level of silicate-at 16 mg/L.
A fluorosilicate product MUL of 4-6:6 mg/L. results in silicate drinking water levels
substaritially below the 16 mg/L MAL establistied by NSF for, silicates. Attactiment 15
outlines the derivafion of the NSE'MAL forsilicates.

In generdl; NSF Certified fluoridation products haveé been tested and found to.comply
with the requirements of ANSI/NSF Standard 60 for 12 additional inorganic-chemicals.
Additional testing of these products for radionuclides has-resilted in no. measurements
above the detecfion limits. The specific answers below provide additional detail.

If there is any more information that you need,.please do not hesitate to.contact me.

Sincerely.

Stan Hazan
General Manager
Drinking Water Additives Cerlaﬁcatlon Program
734-769-5105

ce:  Di Joe Cotruvo, NSEF
Dr: Loxi Bestervelt, NSF
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List of Attacliments

Attachment.

Deseription

FR Notice 5/17/84 - Disposition of the Federal DWA Advisory Program

FR Notice 7/7/88 - Termination of thie Federal DWA Program, Notice

| ANSI/NSE Standard 60 - DW Treatment Chiemicals- Health Effects

ANSI/NSF Standard 61 - DW System Components- Health Effects

'NSF Standards. Development and Maintenance Policies

| Standards Update - Flowchiart of the Standards Development Process

1987 NSF.DWA Joint Committes Membership List

1987 NSF Council of Public Health Consultants List

NSF Certification Policies for DW Treatment Chemicals - Standard 60

Toxiﬁdlégy'Data‘ Review-Submission Form - Part A

Toxicology Data Review Submission Form - Part B

NSF DWA. Listings Boek

143 [ | v oo |~ [ov fun [ fus |oa [

et

| NSF DWA Certification Process - 7 Steps

Ll
S

ASDWA State Survey of Adoption-of ANSI/NSF Standards 60 and 61

(7Y

'NISF MAL Derivation for Silicates;in Drinking Water
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NSF Internaﬂonal was estabhshed in 1944, as.an mdependent, not-for—proﬁt third party
organization-dedicated to:the protection of public health and safety. NSF has more than
300 employees: consisting of engineers, chemists and toxicologists who develop U.S.
national standards and provide independent product. teMemﬁcauon services for
products that impact food, air, water and the environment. NSF is a World Health
Organization (WHO) Collaborating Center on Drinking Water Safety-and Treatment as
well as: for Food Saféty..

NSF involvement in the-evaluation of drinking water chemicals, including fiuoride-based
chemicals, began in 1985, when the U.S. EPA granted an NSF-led consortivm of
? stakeholders the responsibility-to develop-consensus, health-based, quality specifications
for drinking water treatment chemicals and drinking water system components
(Attachment 1): EPA also requested development of a product testing and. certification
program that would. allow forindependent product evaluations for use by states, ¢ities,
and water utilities, as-a basis for product acceptance anid use.

The original goal:of the standard and certification program was to develop a preventative
mechanisin for selecting treatment chemicals: that: would not contfibute harmful levels of
contaminants to drinking w water; The standards and the certification program were
d;s;g"n?a'ﬁrynaxmc, to change: as regulations chiange,-and to constantly be tied to the. m}}\
requirements of the Safe Drinking Water Act and.its drinking water quahty regulations. In
1988; EPA terminated its:inforinal chiemical additives advisory program upon complétion

of the NSF standards and successful lannch of the NSF product certification program
(Attachment 2). We: believe that the NSF standards and eertification program: ‘have

sueceeded in achieving the goals of the original maridate,

The NSF Certification program co'nsistsz of seven steps for initial product eertification, and
4 steps on-an annual basis. (See Attachment 13),

Today, NSF provides testing and certification services for thousands of products from
more than 30. countries: NSF publishes its listings on its web siteat www.nsforg as-well
a§in hardcopy (Attachinent 12). In addition, attached isa copy of the NSF Certification
Policies for Drinking Water Treatment Chemicals (Attachment 9). This document outlines
the rules that.govern the: product certification program, over-and above the requirertients
of the standard,

’ ’J
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This section provides responses to the-8 questions in your letter.

In response to an identified need for health-based standards dea}mg with drinking water
contact products, a consortium led by the National Sanitation Foundation (now. NSF)
worked to develop voluntary third+party consensus standards for all direct and indirect
drinking water-additives. Other consortium meribers were the American Water Works
Association (AWWA), the American Water Works Association Research Foundation
(AWWARF), the Association of State Drinking Water Administrators (ASDWA) and the
Conference of State Hedlth and Environmental Managers (COSHEM, now inactive).

ANSUNSF 60 Diiriking water treanment chemicals— Health gffécts was initially adopted
in December 1987 and was last revxsed m May 2000 Tt.establ estabhshes mmunum human

n's"ﬁtmeﬁt‘b’f’b’thﬁ”ﬁu"@ﬁé‘& Thkstandard was developed usmg a consensus standards
developr?eanmcess with representation of the major stakeholder-interests, including
prodiict anufacturers, product users such as consultants and water utilities, and
representatives from the regulatory/public health sectors. As.an American National
Standard, each revision to ANSI/NSF 60 also undergoes 4 public conment review. This
piiblic-.comment process allows for any-interested party to obtain a copy of the proposed
revision and-to submit comments or objections to'NSE. All.comments received.are
handled in accordance with the due-process requiremerits:set forth in the ANSI procedures
and NSE policies.

Each edition of ANSI/NSF 60-contains :a list of the committee members who oversee the
development-and review of that edition of the standard. These committees consist of the
NSF Joint Committee for Drinking Water Additives, the balanced group of approximately
36 representatives. from the user, regulatory and manufacturing sectors, and the NSF
Council of Public Health Consultants, which is a group of approximately 45 indepetident,
public health experts from government, academia-and the environmental health
community: The current vers16n of ANSI/NSF 60 (2000) is enclosed foryourzeview
(Attachmient 3), as well as a: hst of the membership of these committees when the
Standard was first adopted in 1987 (Attachments 7-and 8). Copies of the NSF Standards
Developnient and Maintenance Policies (Attachment 5) and “Standards Update”
(Attachment 6) are also enclosed to provide further detail on the standards development
process.
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The standard regmres that the manufacturer of a prcxduct submitted for cemﬁcauon \/
provide toxicological mfonnauon,(g_gvaﬂable NSF requires that manufacturers seeking
certification to the standard submit this information as-part of their formulation or
ingredient:supplier submission.

The document (ANSI/NSF' Standard 60) has’ been peer rev1ewed for accuracy J omt
Committee and CPHC members and contact-information are: contained in.Attachments
3, 7, and 8.

Rl_c;a;s_wnmlﬁ

NSthas based 1ts certification on the Droduct use not exceeding the EPA’s MCL, for

fluoride: Separately, NSF has- ‘developed an MAL for silicates of 16 mig/L -that:supports
the silicate-portion-of the prodiicts in question. In addition, potential contatiiinants dre
also limited by the standard. The supporting rationale. for the silicate MAL is enclosed
in Attachment 15.

NSF tomcology review and testing of ﬂuorosﬂlcatc compouuds looks for. potentxal trace
contaminants such as heavy me_tals and radionuclides: The formulation review step
examines ot only the product formulation, biit also considers potentidl contaminants
from the mgredlents, processing aids, and any other factors impacting contaminants in
the finished drinking water. Contaminants in the finished drinkirig water are not
permitted to exceed one-tenth h of the EPA’s regulated MCL (Maximum Contaminant
Level) when the product is-added to drinking water at its Maximum Use Level, unless it
can:be documented that a,hm;f;ed numbér of :sources of the contamiinart occur in
drinking water.

NSF ‘has reviewed its files-and has compiled a summary of our findings (Table 1) in
lieu of complete test reports. Individual test reports, as well as formulatlon information
are protected by nondisclosure- agreements with certification clients.

e e e e e e s <o e e bt T T

NSF searched its files to d'etexm'jne the level of contaminants found in these
flnoridation products, when the product is dosed to water at the Maximum Use Level
(MUL). The exact numiber of laboratory tests performed is not readily availéble
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because we maintain records only on those tests where a contaminant was detected,
The results in Table 1 include initial product tests as-well as annual product monitoring
tests. In total, these: products have been tested more than 100 times in our laboratories.
Table 1 indicates that metals contamination of drinking water as axesult-of fluoride
chemical use is not-an issue, There has not been @ single fluoride product tested with a
~ metal conceritration in-excess of its corresponding MAL.

Silica.and silicates, which make up a portion of the fluoridation. cherdicdls mentioned
dbove, are-addfessed by the certification of sodium silicates to a}e&éel of 16. mg/L under
ANSI/NSF Standard-60. (See Attachment 15), '

Beginning in early 1998, NSFwent beyond Standard 60 requirements and voluntarily
began testing fluoridation chemicals for the presence of radionuclides (alpha and beta
emiitters) utilizing EPA Test Method 900.0, as specified in Annex B of ANSUNSF
Standard 60, To date, we have not found any sample with a positive (detected) result, with
detection Timits of 4 pCi/liter and 3 pCi/liter for gross alphaand gross beta, respectively.

Table 1

‘Nnmber of

Fluoride
Samples
with
Positive
Test

| Results

Average
Contaminant
Concentration

i Samples
| with Positive
Test Results*

{ppb)_

| Maximom

Contaminant

-Concentration

in Samples
with Positive

“Test Results

- Standard 60

Maximium
Allowable
Level
MAL)

{ppb)

US'EPA
Maximum
Contaminant
Level

vcL)

Antimony.

0

NA

_{ppb)
6

Arsenis.

39

043

2.5 |

50.

Barium

0.19

200

Beryllium

0.21

04

2000
4

Cadrniurn

0.06

0.5

S

Chromium

0.14

0.2

10 .

100

Copper

049

0.55

130

Lead

0.4

L1

1.5

.130.0’:‘
15 .

Mereury

0.013

'0..0’1;5

0.2

2

NA

NA |

NA

Nickel
‘Selenium

0.60

0.6

50

0.

-

{Radionuclides |

© | = [ [ [ oo flud o | [

0.03 _

NA |

0.05 |

NA

*Only those samples where a contaminant was detected-contribute to the average. The average
contaniinant concentration for all samples tested is significantly lower, and is. affected by detection

limits and number of detections,
#% ANSI/NSFE Std 60 utilizes Canadian MACs and EPA MCLs in determination of MALs.
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and other chemicals.

Compositional analyses.are not: required by the NSF standard, The verification.of
compoesition is performed during the annual unannounced plant inspection by NSF auditors
who verify sotirces and ratios of labeled-ingredients. Separately, there are industry
standards from AWWA (American Water Works Association) (ANSIAWWA B702-99 for
Sodium Fluorosilicdte and ANS/AWWA. B703a-97 for Fluosilicic Ac1d) that provide for
compositional requirements.

The standard reqmres testmg for. contammants that are Tikely to be present in the product. A
study by N.T. Crosby; published in 1969 in the Journal of Applied Chemistry (Volume 19),
establishes dissociation of fluorosilicates-at 99% for 1ppm fluoride concentrations in
drinking ‘water. ’

’hazard/nsk based act:lon levels are exceeded NSF. toxlcologlsts may review ammal studles
during the toxicology evaluation'step of the product:certification process.

‘Fiumnne-contannng pestlcwles such as: cryo“hte are not required analyses under the standard,
unless itis determined to be part of the formulation, or a potential. contaminart. NSF-would
test for this of:any otlier contaminarits if indicated during the formulation review step,

.There have not been any-studies on. hydroﬂuosmcm acid or s1hceﬂuondes subxmtted 10
NSF under claimed Corifidential Business Information protection.

Page 8:0f 10




Maximum Contammant Levels (MCLs) can be found in Annex E of the enclosed copy of
ANSI/NSF 60: Annex E of Standard 60 lists the federally regnlated MCLs. Of the
contaminants listed in your letter, MCLs exist for afsenic, barium, beryllium, cadmium,
chromium, fluoride, lead, mercury; selenium; and dioxin (as 2,3,7,8-TCDD). Federal
regulatery standards have not been established for the remaining contaminants listed in
your letter.

shipment o . 9
NSF tests certified products at least annually for prospective: contaminants (See response to

Question 92), An NSF Certified company may produce many shipments during the course
of the year; but the company is contractually bound to not change. the formulation ratios,
ingredients. or-add unauthorized sources of supply: Ceitificates of Analyses are typically
provided by the vendor-to the utility on a per-shipment basis. There are industry standards
from AWWA (American Water Works Association) (ANSV/AWWA B702-59 for Sodium
Fliorosilicate and ANSI/AWWA B7032-97 for Fluesilicic Acid) that provide for affidavits
‘and Certificates of Analyses.

The purpose ef estabhshmg a maximum a]lowable level (MAL) for individual drinking
water additives products at 10% of the MCL is to recognize that contaminants may enter
dririking water from other points throughout-the system; including the source water, during
the treatmeént and distribution process, and either through direct addition or surface contact.
Limiting individual products to a contribution of 10%. of the MCL for a given contaminant
provides an extra margin of. safety so that it i unlikely that the. suinmation of the
conttibutions from all potentid] sources will exceed the MCL at the: tap.
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Arni MAL of greater than '10%-of the of the MCL cad be estabhshed by the certification body in
1imited cases ifit can | an be reasonably documented ‘hat there are-no other 51gmﬁcant SOUICes.
‘o&f_‘tge:samc.cpntamihant, .that together, would. result il the AniShed drn water
contaminant concentration exceeding the MCL. Fluoride has an MAL of 1.2 mg / liter,
which is 30% of the MCL., This is justified on the basis of the limited number of other
potential sources of fluoride ion to diinking water. For- examplé, water that naturally
contains sufficient fluoride is not additionally fluoridated, and ﬂuonde is seldem.present in
ofher-additives.

gssprance measuzg"

As indicated in question.2, the testing required by the standardis for regulated ‘metals.
NSF additionally performs radionuclides analysis: Contaminant testing is perfonned
initially upon-application, and at least annually thereafter. Samples are: collected during
unannounced.inspections by NSF auditors.

As mentioned previously; NSF tests-products.at least once per year. A contract signed by
the NSF Cértified manufacturer precludes production or process changes: without written
consent from NSE.

NSF test results-are not:routinely compared: to-Certificate of Analyses results; Ceitificates
of Analyses often report on parameters not required sinder ANSVNSF Standard 60. For
example, the AWWA standards mentioned previously requife testing forfluoride content,
moisture, impurities, etc. The AWWA: standatds also incorporate the:optionof additional
purchaser: specifications.

As menuened earher, NSF rehes on the U S. EPA MCL andits supporting docurnentation,
as specified in the- staridard, _S%e attachments listed in the cover letter.
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Fluoride in Drinking Water: A Scientific Review of EPA's Standards
http://www.nap.edu/catalog/11571.html

20 FLUORIDE IN DRINKING WATER: A SCIENTIFIC REVIEW OF EPA’S STANDARDS

Fluorine-containing pesticides and pharmaceuticals also contribute to total fluorine exposures-
and are considered separately. Fluoride in food and drinking water usually is considered in terms
of total fluorine content, assumed to be present entirely as fluoride ion (F"). Information on
exposures to fluorosilicates and aluminofluorides is also included.

SOURCES OF FLUORIDE EXPOSURE
Drinking Water

General Population

The major dietary source of fluoride for most people in the United States is fluoridated

- municipal (community) drinking water, including water consumed directly, food and beverages
prepared at home or in restaurants from municipal drinking water, and commercial beverages
and processed foods originating from fluoridated municipalities. On a mean per capita basis,
community (public or municipal) water constitutes 75% of the total water ingested in the United
States; bottled water constitutes 13%, and other sources (e.g., wells and cisterns) constitute 10%
(EPA 2000a). Municipal water sources that are not considered “fluoridated” could contain low
concentrations of naturally occurring fluoride, as could bottled water and private wells,
depending on the sources.

An estimated 162 million people in the United States (65.8% of the population served by
public water systems) received “optimally fluoridated”! water in 2000 (CDC 2002a). This
represents an increase from 144 million (62.1%) in 1992. The total number of people served by
public water systems in the United States is estimated to be 246 million; an estimated 35 million
people obtain water from other sources such as private wells (CDC 2002a,b). The U.S.
Environmental Protection Agency (EPA) limits the fluoride that can be present in public
drinking-water supplies to 4 mg/L (maximum contaminant level, or MCL) to protect against
crippling skeletal fluorosis, with a secondary maximum contaminant level (SMCL) of 2 mg/L to
protect against objectionable dental fluorosis (40CFR 141.62(b)[2001], 40CFR 143.3[2001]).

Of the 144 million people with fluoridated public water supplies in 1992, approximately
10 million (7%) received naturally fluoridated water, the rest had artificially fluoridated water
(CDC 2002c¢). Of the population with artificially fluoridated water in 1992, more than two-thirds
had a water fluoride concentration of 1.0 mg/L, with almost one-quarter having lower
concentrations and about 5% having concentrations up to 1.2 mg/L (CDC 1993; see Appendix
B). L

Of the approximately 10 million people with naturally fluoridated public water supplies
in 1992, approximately 67% had fluoride concentrations < 1.2 mg/L (CDC 1993; see Appendix
B). Approximately 14% had fluoride concentrations between 1.3 and 1.9 mg/L and another 14%
had between 2.0 and 3.9 mg/L; 2% (just over 200,000 persons) had natural fluoride

'The term optimally fluoridated water means a fluoride level of 0.7-1.2 mg/L; water fluoride levels are based on the
average maximum daily air temperature of the area (see Appendix B).

N-S 32
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Public health bodies slam new fluoride tolerance levels | Environmental Working Group
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Public health bodies slam new fluoride
tolerance levels

FoodNavigator-USA.com, Anthony Fletcher

Published October 2, 2005 Related EWG Content

Harvard Fluoride Findings
Misrepresented?
June 27, 2005

Environmental organizations claim that new food tolerances for the
fluoride-based pesticide sulfuryl fluoride could be potentially damaging to
public health. .

More related content »
The new Environmental Protection Agency (EPA) tolerances were requested
by Dow AgroSciences following the firm's expansion of its pesticide sulfuryl
fluoride - trade name ProFume - which is used to fumigate food processing
facilities and storage areas.

Related News Coverage

Flushing out fluoride

Sarnia Observer | July 31, 2008
The product targets stored product pests, as well as those insects that may Iy

be transported from the field on food commodities. But some

environmental groups argue that the new levels are potentially dangerous. Profs Urge End to Fluoride in

Water

Indeed, the Environmental Working Group, Beyond Pesticides and the ) I;gg; m Telegraph | July 23,

Fluoride Action Network (FAN) said that the maximum legal limits for the
fluoride-based pesticide in foods have been set at levels that dwarf the

amount allowed in tap water. Fluoridated Water: Maybe

Not So Good After All?

For example, the EPA is allowing 900 parts per million (ppm) of fluoride in MLive.com | June 10, 2008

dried eggs, as opposed to the maximum 4 ppm allowed in tap water. One
third of the nation's eggs are sold and consumed in dried, reconstituted
form.

Professionals Urge End to
Water Fluoridation
The Examiner | February 24,

The groups also noted that 900 ppm set for dried eggs is extremely close to 2008

that used in toothpaste (1,000 ppm), a level that is considered toxic if

consumed in greater than pea sized portions. Water wars: Bottled vs tap

USA Today | August 26, 2007

"How can the EPA consider 900 ppm in eggs safe, while the Food and Drug
Administration directs parents to call poison control centers if their
children consume more than a pea sized portion of toothpaste with fluoride

More related content »

at 1,000 ppm?" asked Paul Connett, executive director of FAN. Categories
. "Unlike toothpaste, eggs are meant to be eaten, not spat out.” Flouride

Fluoride

It isn't just powdered eggs that could contain dangerous but legal tevels of
fluoride under the new regime. Fluoride Action Network (FAN) researcher Chris Neurath claims that all processed
foods will be allowed 70 ppm fluoride residues, including everything from breakfast cereal to cake mix.

“Wheat flour is allowed up to 125 ppm," he said. "For comparison, the maximum level of fluoride allowed in
drinking water is 4 ppm and the natural level of fluoride in mothers' milk is approximately 0.008 ppm. The
potential for a significan/t;gnumber of acute poisoning cases every year is very real.”

Dow AgroSciences however believes that the establishment of new accepted fluoride levels is great news for
millers and food processors. "With the label amendments and additional tolerances, ProFume brings
unprecedented flexibility and effective, reliable control of stored product pests to more markets segments and
broadens its use pattern,” said Drew Ratterman, marketing specialist, Dow AgroSciences.

"We appreciate the continued support of many throughout the industry during this registration process and are
pleased to be able to offer a product that meets their fumigation needs." .

However Richard Wiles, senior vice-president of the Environmental Working Group (EWG,), contends that EPA is
relying on outdated science to support this increase in fluoride exposure.

"In our view [the EPA] has not discharged its legal duty to thoroughly consider the effects of fluoride on infants
and children, from all routes of exposure, based on a thorough review of the most recent peer-reviewed science,”
he said. '

Print this page.
E-mail this page.
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Fluoride in Drinking Water: A Scientific Review of EPA's Standards
hitp://'www.nap.edu/catalog/11571.htmi

20 FLUORIDE IN DRINKING WATER: A SCIENTIFIC REVIEW OF EPA’S STANDARDS

Fluorine-containing pesticides and pharmaceuticals also contribute to total fluorine exposures
and are considered separately. Fluoride in food and drinking water usually is considered in terms
of total fluorine content, assumed to be present entirely as fluoride ion (F”). Information on
exposures to fluorosilicates and aluminofluorides is also included.

SOURCES OF FLUORIDE EXPOSURE
Drinking Water

General Population

The major dietary source of fluoride for most people in the United States is fluoridated
municipal (community) drinking water, including water consumed directly, food and beverages
prepared at home or in restaurants from municipal drinking water, and commercial beverages
and processed foods originating from fluoridated municipalities. On a mean per capita basis,
community (public or municipal) water constitutes 75% of the total water ingested in the United
States; bottled water constitutes 13%, and other sources (e.g., wells and cisterns) constitute 10%
(EPA 2000a). Municipal water sources that are not considered “fluoridated” could contain low
concentrations of naturally occurring fluoride, as could bottled water and private wells,
depending on the sources.

An estimated 162 million people in the United States (65.8% of the population served by

_public water systems) received “optimally fluoridated”’ water in 2000 (CDC 2002a). This
represents an increase from 144 million (62.1%) in 1992. The total number of people served by
public water systems in the United States is estimated to be 246 million; an estimated 35 million
people obtain water from other sources such as private wells (CDC 2002a,b). The U.S.
Environmental Protection Agency (EPA) limits the fluoride that can be present in public
drinking-water supplies to 4 mg/L (maximum contaminant level, or MCL) to protect against
crippling skeletal fluorosis, with a secondary maximum contaminant level (SMCL) of 2 mg/L to
protect against objectionable dental fluorosis (40CFR 141.62(b)[2001], 40CFR 143.3[2001]).

Of the 144 million people with fluoridated public water supplies in 1992, approximately
10 million (7%) received naturally fluoridated water, the rest had artificially fluoridated water
(CDC 2002¢). Of the population with artificially fluoridated water in 1992, more than two-thirds
had a water fluoride concentration of 1.0 mg/L, with almost one-quarter having lower
concentrations and about 5% having concentrations up to 1.2 mg/L (CDC 1993; see Appendix
B).

Of the approximately 10 million people with naturally fluoridated public water supplies
in 1992, approximately 67% had fluoride concentrations < 1.2 mg/L (CDC 1993; see Appendix
B). Approximately 14% had fluoride concentrations between 1.3 and 1.9 mg/L and another 14%
had between 2.0 and 3.9 mg/L; 2% (just over 200,000 persons) had natural fluoride

"The term optimally fluoridated water means a fluoride level of 0.7-1.2 mg/L; water fluoride levels are based on the
average maximum daily air temperature of the area (see Appendix B).

S

Copyright © National Academy of Sciences. All rights reserved.
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Sulfuryl fluoride is the chemical compound with the
formula SO,F,. This inorganic gas has properties

more similar to sulfur hexafluoride than sulfuryl
chloride, being resistant to hydrolysis even up to 150
°C. So inert is this material that suspended molten
"sodium metal retains its shiny metallic appearance."

(1]
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Structure and preparation

The molecule is tetrahedral with C,  symmetry. The

S-O distance is 140.5 pm, S-F is 153.0 pm. As
predicted by VSEPR, the O-S-O angle is more open

than the F-S-F angle, 124° and 97°, respectively.[l]

It is prepared by direct reaction of fluorine with sulfur
dioxide:

SO, +F, — SO,F,

A laboratory-scale synthesis begins with the
preparation of potassium fluorosulfite: (2]

SO, + KF — KSO,F

This salt is then chlorinated to give sulfuryl chloride
fluoride: ' .

KSO,F + Cl, — SO,CIF + KCl

Further heating (180 °C) of potassium fluorosulfite
with the sulfuryl chloride fluoride gives the desired

product:[3]

htin://en.wikinedia.ore/wiki/Sulfurvl fluoride
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Sulfuryl fluoride

IUPAC name
Sulfuryl fluoride

other names

Sulfonyl fluoride; Sulfur dioxide difluoride; Sulphuryl
fluoride; Sulfuryl difluoride

Identifiers
CAS number 12699-79-8

Properties
Molecular formula SO,F,
Molar mass 102.06 g/mol
Appearance colourless gas
Density 1.623 g/cm? at 0 °C
Melting point

-135.7°C
Boiling point
‘ -55.2°C
_ |Solubility in water low

Solubility in other solvents SO,

Structure
Coordination tetrahedral
geometry

Hazards
[
D-s¢
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SO,CIF +KSO,F — SO,F, +KCl+ SO0,

Main hazards toxic
NFPA 704

Heating metal fluorosulfonate salts also gives this
molecule:!1]

Ba(OSO,F), — BaSO, + SO,F, Related compounds

. Related compounds SO,Cl,,
Use as a fumigant S0,CIF,
. SFg,
SO,F, is of interest as a fumigant with the phase-out ‘ S 06
. . . . ” 3
Ofmeth.yl b[f:])mlde and in view of the risks of Except where noted otherwise, data are given for
phosphine. materials in their standard state (at 25 °C, 100 kPa)

Infobox references

Originally developed by the Dow Chemical
Company, SO,F, (sulfuryl fluoride) is in widespread use as a structural fumigant insecticide to control
drywood termites, particularly in warm-weather portions of the southwestern and southeastern United
States and in Hawaii. Less commonly, it can also be used to control rodents, powderpost beetles, bark
beetles, and bedbugs.

Sulfuryl fluoride is currently marketed by three distinct manufacturers, under four different brand
names. Vikane (Dow) (EPA Reg. No. 62719- 4-ZA) has been commercially available since the early
1960s, with Zythor (marketed by competitor EnSystex II of North Carolina) (EPA Reg. No. 81824- 1-
AA) being more recently introduced gradually as its use is approved by individual states (in Florida
circa 2004, but not in California until October 2006, for example). Dow recently has begun marketing
sulfuryl fluoride as a post-harvest fumigant for dry fruits, nuts, and grains under the trade name
ProFume (EPA Reg. No. 62719- 376-AA). [1] Most recently Drexel Chemical Company has registered
Master Fume (EPA Reg. No. 19713-596-AA) for the structural market, competing against Vikane and

Zythor. [5]

During application, the building is enclosed in a tight tent and filled with the gas for a period of time,
usually at least 16-18 hours, sometimes as long as 72 hours. The building must then be ventilated,
generally for at least 6 hours, before occupants can return. Sulfuryl fluoride is colorless, odorless, and
leaves no residue. During the fumigation process, a warning agent called Chloropicrin (similar to tear
gas, but more toxic) is first released into the building to ensure that no occupants remain.

Some pest control experts claim sulfuryl fluoride is the only effective treatment for drywood termites.

(Heat is the only other approved method for whole structure treatment for termites in California.[®])
Because it leaves no residue sulfuryl fluoride provides no protection from future infestations, although
heavy reinfestation can take several years since drywood termites have slower growing colonies than
ground termites.

Safety considerations

Sulfuryl fluoride is toxic in humans and following inhalation may cause symptoms of fluoride
poisoning. Symptoms may include weakness, nausea, vomiting, hypotension, metabolic acidosis,

hypocalcemia, cardiac dysrhythmia, pulmonary edema, and death.[7)811%] Medical treatment may consist
of giving calcium, correcting acidosis with sodium bicarbonate, and hemodialysis.[7]
N =
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Sulfuryl fluoride must be transported in a vehicle marked with "Inhalation Hazard 2" placards. Most
U.S. states also require a license or certification for the individual applying the fumigant.

Environmental fate

Based on the first high frequency, high precision, in situ atmospheric and archived air measurements of
sulfuryl fluoride it was determined that sulfuryl fluoride has an atmospheric lifetime of 30-40 years (101,

much longer than the 5 years earlier estimated (111 Moreover, sulfuryl fluoride has been reported to be a
greenhouse gas which is about 4000-5000 times more efficient in trapping infrared radiation (per kg)

than carbon dioxide (per kg).[lz] (101 [13] 1t is important to note, however, that amounts of sulfuryl

fluoride released into the atmosphere (about 2000 metric tons per yr[lo]) are far, far lower than the
amounts of CO, released by hydrocarbon-burning vehicles, industry, and other processes (about 30

billion metric tons per year). The most important loss process of sulfuryl fluoride is dissolution of
atmospheric sulfuryl fluoride in the ocean followed by hydrolysis [10](14],
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NSF Fact Sheet on Fluoridation Chemicals

Introduction
This fact sheet provides -information on the fluoride containing water treatmerit additives that

NSF has tested and certified to NSF/ANSI Standard 60: Drinking Water Chemicals - Health
Effects. According to-the latest Association of State Drinking Water Administrators Survey on
State Adoption of NSF/ANSI Standards 60 and 61, 45 states require that chemicals used in
treating potable water mnst meet Standard 60 requirements. Ifyou have questlons ‘on your state's
requirements, or how the NSF/ANSI Standard 60 certified products are.used in your state, you
should contact your state's:Drinking Water Admmlstrator

Water-fluoridation is the practice of adjusting the fluoride content of drinking water. Fluoride is
added to water for the public health benefit of preventing and reducing tooth decay and
improving the health of the commumi The U.S. Centers for Disease Control .and Prevention i§
& Teliable source of imformation on this important public. health intervention. For more
informiation please visit www.cede.gov/fluoridation/.

. 'NSF certifies three basic products in the fluoridation category:

1. Fluorosilicic Acid (dka Fluosilicic: Aeid or Hydrofluosilicic Acid).
2. Sodium Fluerosilicate (aka Sodium Silicofluoride).
3. Sodium Fluoride.

NSF Standard 60

Products used for drinking water treatment are évaluated to-the criteria specified in' NSF/ANSI
Standard 60: This standard was developed by an NSF-led consortiim, including the American
Water Works Associgtion (AWWA), the Américan Water Works Association Research
Foundation (AWWARF), the Association of State Drinking Water Administrators (ASDWA),
and the Conference of State Health and Environmental Managers (COSHEM). This group
developed NSF/ANSI Standard 60, at the request of the US EPA Office of Water; in 1988. The
NSF Joint Committee on. Drinking Water Additives continues to review and maintdin the
standard annually. This comihittee consists of representatives from the original stakeholder
groups as well as other regulatory; water utility and product manufacturer representatives.

Standard 60 was. developed to establish minimum requirements for the centrel of potential
adverse human health effects from products added directly to water during it5 treatthent, Storage
and distribution. The standard requires. a full formulation disclosure of each chemical ingredient
in a product. It also requires: a toxicology review to determine that the product is safe at its
maximum use [ével and to evaluate potential corifamiinants in the product. The Standard requires
testmg of ‘the treatment chemical products, typically by dosing these-in water at 10 times the
maximum use level, so that trace: levels of contaminants can be detected. A toxicology evaluation
of test resilts is required to determine if any contaminant concenn:aﬁons have the potential to
cause agverse human health effects. The standard sefs criteria: Tor the establishment of sigle
product: allowable concentrations (SPAC) of each respective comntaminant. For contaminants
regulated by the U.S. EPA, this SPAC has a default level not to exceed ten-percent of the
regulatory level to provideprotection for the consumer'in the unlikely event of multiple sburces
of the contaminant, unless a lower or higher number of sources can be specifically identified.
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NSF Certification

NSF also developed a testing and certification program for these products, so that individual U.S.
states and waterworks facilities would have .a, mechanism to -determine which products were
_appropriate for use. The certification program requires annual unannounced: inspections of
- production and distribution facilities to ensure that the products are propetly formulated,
packaged, and transported with. safe guards against poteritial contamination. NSF &lso requires
anmual testing and toxicological evaluation of each NSF Certified product. NSF_Certified
producis the NSF Mark, the maximum use level, lot ‘namber or date code and production
location on the product packaging or documentation shipped with fhie. product.

The use of this standard and the associdted certification program have ~yielded benefits in
ensuring that drinking water additives meet the health objectives that providé the basis for public
health protection. NSF maintains listings of companies that manufacture and distribute treatment
products at www.nsf.org. These listings are updated daily and list the products at their allowable
maximum use levels. In recognition of the important safeguards that NSF Standard 60 provides.
to public drinking water supplies, 45 US. States and 10 Canadian Provinces and Territories
require diinking water-treatment chemicals 1o comply with the requirements of the standard.

Treatment products that are used for fluoridation are addressed in Section 7 of NSF/ANSI
Standard 60. The products are allowed to be used up to concentrations that resiilt in.a maximum
use level of 1.2 mg/L. fluoride ion in water. The NSF standard requires that the treatment
produgts added to drinking water, as well as :any impurities in the products, are supported by
toxicological evaluation. The following text explains the rationale for the allowable levels
cstablished m the standard. for 1) flueride, 2) silicate, and 3) other potential contaminants that
may be associated with flueridation chemicals.

Elnoride

‘NSF/ANSI Standard 60 requires, when available, that the US EPA regulated maximum
ch_Ltamiﬁanti level (MCL) be used to determine the acceptableJevel for a contaminant. The EPA
MCT, Jor finoride 1o in water is 4 mg/L. The NSF Standard 60 smgle product allowable
concentration (SPAC) for fiuonde lon in drinking water from NSF Certified treatment produets
is 1.2 mg/L, or less than one-third-of the EPA’s MCL. Based on this the allowable maxirfium
use level (MIUL) for thie NSF Certified fluoridation products are;

1. Fluorosilicic Acid: 6 mg/L.
2. Sodium Fluorosilicate:2 mg/L.
3. Sodium Fluoride: 2.3 mg/L.

Silicate

There is no. EPA MCL, for silicate in drinking water. ‘'When an MCL does not exist for a
contaminant, NSF/ANSI Standard 60 provides eriteria to conduct a toxieological risk assessment
of the contaminant-and the development of a SPAC. 'NSF has established a SPAC for silicate at
16 mg/L.. A fluorosilicate product, applied at its maximum use level; results in silicate drinking
water levels that are substantially below the. 16 mg/I. SPAC established by NSF. For example, a
sodium fluorosilicate product dosed at-a concentration ifito drinking water that would provide the
maximum concerntration of fluoride allowed (1.2mg/L) would only contribute 0.8 mg/l. of
silicate— or 5-percent of the SPAC allowed by NSF 60,
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Potential Contaminants

The NSF toxicology review for a chemical product considers all chemical ingredients in the .
product as well as the manufacturing process, processing aids, and other factors that have an
impact on the contaminants present in the finished drinking water. This formulation review
identifies all the contaminants that need to be analyzed in testing the- product. For example,
finosilicic. acid is produced by adding sulfiiric acid to phosphate ore. This is typically done
Turing the production of phosphate additives for agricultural fertilizers. The. manufacturing
process is doeumented by an NSF inspector at an Toihal audit of the manufacturing site and
during each anmual unannounced inspection of the facility. The manufacturing process,
ingredients, and potential conta inants are teviewed anmually by NSF toxieologists, and the
product is tested for any potential contaminants, A minimum test battery for all fluoridation
products includes metals of toxicological concern and tadionuclides. :

Many drinking water tredtment additives, including fluoridation products; are transported in bulk
via tanker tricks to terminals where they are transferred to rail cars, shipped to distant locations
or transferred into tanker trucks, and then delivéred to the water treatment plants, These tanker
trucks, transfer termindls and Tail cars are ‘potential sources of contamination. Therefore, NSF
also inspects, samples, tests, and certifies' products at rail transfer and storage depots. It is
dlways-important to verify that the location of the product distributor (the company that delivers
the product to the water-utility) matches that in the official NSF Listing for the product (availdable
at www.nsf.org).

NSF has compiled data on the level of contaminants found in all fluoridation products that have
applied for, or have been listed by, NSF. The statistical results in Table 1 (attached) include the
test results for these products, as well as the: annual monitoring tests from ‘the period 2000 to
2006. This includes 245 separate samples analyzed during this time period: The concentrations
reported represent contaminant levels that would be expected when the product is dosed into
water at the Maximum Use Level (MUL). T.ower product doses-would produce proportionately
lower contaminarit conceittrations: (e.g. a 0.6 mg/L. fluoride dose would. produce one half the
contaminant concentrations listed in Table 1.)

Table 1 documents that there is no contamination of drinking water from the fluoridation
Prodicts NSF has tested and certified. NSF issued previous summaries of contaminant levels in
flioridation products for earlier reporting periods in 1999 and 2003. While some contaminant
levelsin those earlier periods were slightly higher than the current data for certain-contaminants,
there has not been a single fluofide product tested since: the initiation of the program in 1988
with a contarainant. concentration in excess of its corresponding SPAC. The documented
rediiction of impurities for this most current time period is due, at least in part, to the
effectiveness of NSF/ANSI Standard 60 and the NSF certification program for riniking water
treatment additives, and demonstrates the effectiveness of the program. The reduction in

impurities is further attestéd to by an article in fie Journal of the American Water Works

Association entitled, “Trace Contaminants in Water Treatment Chetnicéls.”’

Arsenic
The results in Table 1 indicate that the most common contaminant detécted in these products-is
arsenic, but it is-detected in only 43% of the product samples. This means that levels .of arsenic

Brown; R., et al.,, “Trace Contaminents in Water Treatment:Chemicals: Sources and Fate. Journal of the
Amierican Water. Works Association 2004: 96:12:111. ‘
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in 57% of the samples were non-detectable even thongh products are tested at 10 times their
maximum use level. .All detections were at levels below the Single Product Allowable
Concentration, if the product is-added to drinking water at (or below) its maximum use level.
The SPAC, as defined in NSF/ANSI Standard 60, is one tenth of the US EPA’s MCL. The
current MCL for arsenic is 10 ppb, the highest detection. of” arsenic from a fluofidation chemical
was 0.6 pEb (shown en Table 1), and the averape concentration was 0,12 ppb. Even the highest
concentration of 0.6 ppb was-only detected because the standard requires testing the chemical at
10 times its maximnm use level to detsct these trace levels of contaminants. Had the dose. of
fluoridation additives been fested in water at the maximum use level, instead of at 10 times their
maximum use levels, the arsenic concentration measured would -Have been below fhe 1 ppb
repoiting limit for arsenic for 100 percent of the samples measured.

Figure A
57% of Fluoride produicts 43% of Fluotide products-contain
-do.not contain measurable measurable.Arsenic; but:the
-amounts of Arsenic. ‘Highestlevel recorded was ofily
5% ofthe USEPA MCL.
Arsenic Results
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Copper

The second most common contaminant found, and on-a much less freqitent basis, is-copper, and
97% of all samples tested hiad o detectable levels of copper. The average concentration of
copper hias been 0.02 ppb - with 2.6.ppb being the highest concentration detected. This is well
below the 130 ppb SPAC reguiremerit of NSF 60.

Figure B

3%:of Fluoride products:contsin
messurable Copper, but the
highest leve! recorded was orily
0:2% of the. USEPA Attion Level,

97%.of Fluoride products
do nokcontain measurable:
amounts. of Copper.

|

Copper Resulis

(% of USEPA AL)
5% 1
4% o
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Lead

The third most common contaminant-found is lead. It occurs on a much less frequent basis, and
989% of all samples tested hiad no detectable levels of lead. Theaverage coricentration of lead has
been 0.005 ppbwith 0.6 ppb being the highest concentration detected. This is well below the 1.5
ppb SPAC requirement of NSF 60.

Figure C

2% .6f Flboride produtls contéin
measurable Lead; but the filghest
level recorded was only 4% of the
USEPA Action.Level of 15ppb..

98% of Fluoride: produgts
do not.contaln measurabile
amourits of Lead.

.J,
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Radionuclides
Fluoridation products are also tested for radionuclides. All samples tested have not had any
detectable levels of alphia or beta radiation.

Summary _
Tn summary, the majority” of fluoridation products as a class, based on NSF test results, do not

add measurable amounts of arsenic, lead, othier heavy metals, or-radionuclide contamination to
drinking water. '

Addifional information on fluoridation of drinking water can be found on the following web
sites: :

American Water Works: Association (AWWA) Fluoridation Chemical Standards
litto: //www.awwa.org/Bookstore/producttopicsresults.cfm?MetaDatalD=121 &navitemNumber=5093

American Water Works Association (AWWA) position
htip://www.awwa.org/Advocacy/pressroom/fluoride.cfin

American Dental Association (ADAYhttp:/fwww.ada.org/public/to is/fluoride/index.as;

U.S. Centers for Disease Control and Prevention (CDC) hittp://www.cdc.gov/fluoridation

Table 1

Percentage Mean Mean | Maximum | NSF/ANSI | USEPA

of Samples | Conteminant | Contaminant | Contaminant | Standard.60 | Maximum
with Concentration. | Concentration | Concentration Single Contaminant

Detectable | inall samples | in detectable | in detectable Prodnuet. or-Action
Levels (ppb) samples (ppb), | samples(ppb) | Allowable Level

' Concentration

Antimony _ 0% ND ND ND 06 | 6

Arsenic = | 43% )12 0.29 , 0.6 v 1 , 10

Barium ___ <% | 000l | 03 | 03 200 2000
Berylium | 0% | ND ND | ND 04 2

Cadmium | 1% T 0.00L 0.08 012 | 05 5

Chromium <1%: 0.001 0.15 | 02 10 | 100

Copper 3% 002 | 068 26 - 130 1300

Lead 2%: ‘ 0.005 0.24 06 VvV~ 1.5 | 15

Mercury L <1% 00002 0.04 0.04 22 l 7
Radionuohides 0% ND ND. i ND , 1.5 15
~ alphapCi/L |

Radionuclides 0% ND ' ND T ND 0.4 4
- beta
‘mrem/yr

Selemum | <1% | _ 0.016 1.95 W) 3 50

Thallinm 1% 0.0003 004 | 006 | 02 2




Abbreviations used in this Fact Sheet
ANSI — American’ National Standards Tnstitute

AWWA — American Water Works Association

AWWARF — American Water Works Association Research Foundation
ASDWHA — Associztion of State Drinking Water Administrators
COSHEM - Conference of State Helth and Environments] Managers
EPA.— U.S; Bnvironmental Protection Agency

MCL — maximum contaminant level

mrém/yr — millirems per year — measurement of radiation exposure dose
MUL — Maximum use level

NSF —NSF International (formesly thie'National Sanitation Foundation)
ppb — parts per billion

PCi/L —pico curies per liter — concentration of radioactivity

SPAC - Single Product Allowable Concentration
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From: Stark, Blake [Stark@nsf.org]

Senf: Tuesday, July 15, 2008:12:55 PM
To: James Robert Deal

‘Subject: FW: need your help (fluoride issug)

As indicated in the fluoride fact sheet, NSF Standard 60 references the US' EPA MCL for fiuoride. You

may be able to obtain toxicology studies from the 1S EPA or through their website.

Thank you, ‘
-Blake Stark, NSF

Corffidentiality Notice: “This email message, Including any attachments,
is for the sole use of the intended recipient(s).and may contain
confidential:and privileged information. Any unauthorized review, use,
disclosure or. distribution Is-protiibited. If you are not the intended
recipient, please coritact the: sender by emall .and destroy sl copies of
the original message.
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From: James Robert Deal [_-mailto:damesRebeﬁDeaI@jame'sdeal».com]
Sent: Fri 7/11/2008 11:23 PM

To: Stark; Blake.

Subject: need your help

Your Fact Sheet on water fluoridation mentions toxicological
studies. Where would I find these?

I am looking for an assay of fluoridation materials in the raw, before
dilution 240,000 times down to 1 ppm. Where would I find such an

assay?
Sincerely,

James Robert Deal, Mortgage Broker
510-L0-25472, 510-MB-25306
James@DealMortgage.net

Deal Mortgage Corporation

P.O, Box 2370

Lynnwood WA 98036

425-771-1110 telephone
425-776-8081 fax
£88-999-2022 toll-free
www.DealMortgage.net
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Hexafluorosilicic acid

From Wikipedia, the free encyclopedia
(Redirected from Fluorosilicic acid)

Hexafluorosilicic acid is the chemical compound o Dihydrogen hexafluorosilicate
with the formula H,8iF . Hexafluorosilicic acid IUPAC name v ,
refers to an equilibrinm mixture with gﬂ?’ drogen hexafluorosilicate |
.hexaﬂuorosilicate-anién('SiFsg" ) in an aqueous Othernames _ 7 [Hexafmorosilicic acid
solution or other solvents that contain strongproton | . Hydrofluorositic acid
donors!! at Tow pH | Fuorosilicic acd
LY, 3. Fluosilicicacid
- : Silicoflueride:
| | CASmumber  |16961-83-4
1 Nature of hexafluorosilicic acid | EC number 241.034-8
2 Production and principal reactions UN nismber _ {778
3Uses RTECS number __ {VV8225000

= 3.1 Niche-applications —— " Properties
4 Safety e
5 References . Molarmass _ [144.09 g/mol
T Appearance __|colourless solution
Nature of hexafluorosilicic acid ™ 1.22 g/em?* (25% soln.).

: [1.38 g/om® (35% s0ln.)

{1.46 glem? (61% soln.)

s

]

=1

Like several related compounds, hexafluorosilicie W r——
. . ] ,_' ) . o _,:n ] ey v:.. e ] gpo]n K v
e e gt psatbess | e. 19 °C (60-70% sol)

material with the formula H,5iF has 1ot been L <- 30 °C (35& soln.),
isolated. Acids described similarly include o Structure
chloroplatinic acid, f?HOIQbD?iQ acid, and _ Molecular shape : Octahedr‘a] : SiFgZ“
hexafluorophosphoricacid, and, more: commonly, N o —
carboriic acid. Distillation of hexafluorosilicic acid |- Hazards
selutions produces no molecules of H,SiF; instead {MSDS. . [Extermal MSDS
the va; ists of HF, SiF,, and ‘Wafer A picous EU Index - A005:011:00:5
‘ POr CONSISES OF FLI, Ol 4, ﬂv;-," a qu EU éléssiﬁcdﬁOH‘ ,CQﬁOSiW_(C),.,
solutions of H,SiF, contain the hexafliprosilicate Rephrases R34
anion, ;SijE62‘ and protonated water. In this octahedral |S-phrases; (S” 2):826, 527, 845
A o Al Flash point ____[Non-flammable
anion, the Si-F bond distances.are 1.71 A.* - Related compounds
N .. Related. ' Ammonium.
Production and prlnglpal Ihexafluorosilicates  |hexafluorosilicate
e - Sodium hexafluorosilicate
reactions Potassium hexafluorosilicate
Magnesium
H,,SiF . is mainly produced as a by-product from the | |hexafluorosilicate |
o1t — . !
o __ .. e IRelated compounds Hexafluorephesphorie acid |
production of phosphoric acid from-apatite and Fluoroboric acid. '
fluorapatite. In the'U.S_.r-:abeut. ?-S%x.o.fguorspar is T "7 (whatis this?) (verify)
used to produce hydrofluorosilic acid.! I The Except where noted otherwise, data:are given for
‘materials in their standard’state’(at 25 °C, 100kPa) |

-l
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phosphoric and hydrofluoric acids-are liberated from l
the mineral by the action of sulfuric acid. Some of the
HF in turn reacts-with silicate minerals, which are an _ ‘
nnavoidable constituent of the mineral feedstock, to give silicon tetiafluoride. Thus formed, the silicon
tetrafluoride reacts further with HF. The net process can be described as:H4

Infobox‘reference,s ]

Si0, + 6 HF — H,SiFq +2 H,0

Hexafluorosilicic acid can also be produced by treating silicon tetca’ﬂuori‘_dc;:and'hyd‘roﬂuoﬁ‘c-,aci'd;

Neutralization of sohitions of hexafluoresilicic acid with alkali metal bases produces the corresponding
alkali metal fluorosilicate salts:

H,SiF, + 2 NaOH — Na,SiFg + 2 H,0

The resulting salt Na281F6 is mainly used in water fluoridation. Related ammonium and barium salts are
produced similarly for other applications. With excess base, the hexafluorosilicate undergoes hydrolysis,
so the neutralization of'the hexafltuorosilicic acid must guard. against this easy hydrolysis reaction:

N3231F6 44 NaQH — 6 NaF + SlOz +2 HZO

Uses

Hexaﬂuorosﬂic. acid is the feedstock for "virtually all organic and inorganic fluerine-bearing c_hemicalsé".
31 The majority of the hexafluorosilicic acid is converted to aluminium fluoride and cryolite.[] These
mgtef’ials are ceniral to the conversion of aluminium ore into aluminium metal, The conversion to
aluminium trifluoride is described as:

HySiFg + AL,0; =2 AIFy + 510, +H,0

Hexafluorosilicic acid is also converted to a variety of useful hexafluorosilicate salts. The potassium salt
is used in the production of porceleins, the magnesium salt for hardened concretes, and the barium salts
for phosphors,

Hexafluorosilicic acid is also commoﬁfy used for water fluoridation in several countries inclnding the
United States, Great Britain, and Ireland. In the U.S., about 40,000 tons of flucrosilic acid is recovered
from phosphoric acid plants, and then used primarily it water flioridation, sometimes after being
progessed into sodium silicofluoride.l*!

Niche applications

H,SiF isa specialized reagentin organic synthesis for cleaving 8i-O bonds of silyl ethers. Itis'more
reactive for this purpose than HF. It reacts faster with t-butyldimethysilyl (TBDMS) ethers than
triisopropylsilyl (TIPS) ethers.?]

Hexafluorosilicic acid and the salts are used as wood prescrv.-ation_:agents-.m




Hexafluorosilicic acid - Wikipedia, the free encyclopedia Page3 of 3

Safety

Hexafluorosilicic acid releases hydrogen fluoride when evaporated, so it has similar risks. It is corrosive
and may cause fluoride poisoning; inhalation of the vapors may cause lung edema. Like hydrogen
fluoride, it attacks glass and stoneware.l’]
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STATE OF WASHINGTON
T A T AT AT ANE LI AT TR
DEPARTMENT OF HEALTH
DIVISTON OF EROVIRONMENTAL HEALTH

FG Box 7825 ~ Olympiz, Washinglon $8504-7320

October 28, 2008

Dr. Eloise Kailin, MD
P.0. Box 1677
Sequim, WA 98382

Dear Dr. Kailin:

At the October 21, 2008 meeting of the Clallam County Board of Health you raised the
question-of whether or net the product used by the city-of Port Angeles to fluoridate the
city’s water supply meets the regulatory requiremerits of the Washington State
Department of Health. In follow-up we have confirmed that the city uses fluorosilicic
acid provided from J. R. Simplot Company in Rock Springs, Wyoming. The product is
NSF Standard 60 certified and does meet the requirements of ourtegulations.

At the Department-of Health we do. not have the resotirces that would allow us te do
independent evaluations of water treatment 'pTDdIi_CIS; ‘As such we rely on national
certification protocols torensure the safety of water additives. Specifically, Washington
Administrative Code 246-290-220 (3), requires that: “Amny treatment chemicals, with the
exception of commereially retailed hypochlorite compounds such as mnscented Clorox,
Purex, etc., added to water intended for potable use must comply with ANSI/NSF
Standard 60. The maximuar application dosage recommendation for-the product certified
bythe ANSI/NSF Standard 60 shall not be exceeded in practice.” Since the fluoridation
product being used by the city of Port Angeles is certified under NSF Standard 60, the
city’s use of this product is in compliance with: state law. '

Adttached is-a July 2000 letter:froiﬁ:si“can Hazan, general manager of the NSF Additives
Certification Program, t0 US Representative Ken Calvert providing information on-the
NSF program. I hope you find this additional information useful.

Sincerely,

-
g

& m
A A Yy s
el K ,/‘ ;«. ~ o~ K
Gleg{ge’f: Grunenfelder, Assistant Secretary
Cc:  Mary Selecky, Secretary of Health

Tom Loecke, Clallam County Health Officer ' .
Denise Clifford, Director Office of Drinking Water N1
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§141.51

{10) 1,2-Dichloropropane

{11 Ep1ch10rohydr1n

(12) Ethyiene dibromide

(13):Heptachlor

(14y Heptaclhiler -epoxide

(15) Pentachlorophencl

{18) Palychlorinated biphenyls
(PCBS)

(17) Tetrachloroethylene

{18) Toxaphene

(19). Benzo[a]pyrene

{20) Dichloromethane (methylene
chloride)

(21) Di{2-ethylhexyl)phthalate

(22) Hexachlorobenzene

-(23) 2,3,7:8-TCDD (Dioxin)

(B) MCLGs for the following contamni-
nants are as indicated:

S . 1 MCLGIn
Contaminant P
HOTOETIYIBIIE. wubsevivsaiaripimiismmsionisisnsans 0.007
oro 0.20-
{3y pnm-\chMombanzans 0,075
5 stsommsseppntzinens 0:001
{ rhs-sitifoxide 3 ¢ 0001 ’
(G)Ndicurb suffone.... mmiinpreensiesimgenr | 0804
. 0:003
{8) Carbiofuran Carserreessii renesied 004
8} o-Dichlorat " 08"
{10) cis=1 Z-chh!omulhyfnna ......... DR Aameaneoier 007
{11} irans=1,2:Dichlorosthylene " . ot
(12)24—D . 2 0,07
(13} Ethyjbanzene ! s ; o7
{14} Lindans. . 0.0002
{15):Melhoxyshlor ... dvai 0.04
(16),.’Monbctxlumbunzsna ST, 01
L voduidarens 0.1
{1 . 1
{19)245TP 005
{20} Xylenes' (ln!:ﬂ) i iassslommsioreisarrsinnnia 10
(21) Daispon ; 02
{22) DI(2-aﬂ|ylhuxyl)adlpala JR TN A
{23) DINosab e — 007
t2ay quua! S— : kiv
(25) I} PPV HEREN : K|
{26} Endnn SO spfingeser 002
(27)6! i wisssamiersiacen a
i e 05
(29) Oxemyl (Vydale) stresaoratpgrertasapta s e 2
{30) Pictoram . : irveis 5
R ET R ——E Y 004
{32) 1,2 4-Trithidrobsii ens . 07
(33)4,1,3-Trichioroathans ... s D03

[50 FR: 46301; Nov, 13, 1985, as: ‘amended 8t 52
‘FR 20674; June: 2, 1887;_ 52 FR 25716, July 8,
1987; 56 FR 3502, Jan, ‘30; 1991; 56 FR 30280,
July 1, 1991; 57 FR 31846, July 1‘{. 1992]

§141,61 Maximum conta.mmant level
gosls for inorganic’ cofitaminanis,
(a) [Reserved].
{b) MCLGs far the following contami-
nants-are as indicated:

40 CFR Ch. 1 (7=1-D3 Edition)

Conleminent 1 MCLG:(mgh)

e 0.008:
zer0Y -

7 Mition fibars/lier
{longer than"10 pmi),
2

0:005
01
13

2
40

10 {as Nitrogen).
1 {as Nitrogen).

LT T A ) 0005

nis:valiie for sréenic 1s. affsctive Jonuary 23,°2006; Ut
then, thers Jsino' MCLG:

{50 FR 41155. Nov, 14; 1985, as amended-at 52
4, -June 2, 1987; 56 ER 3583, Jan..30,
1981; 56 ‘FR 26548, June 7, 1991 56 FR 30280
July 1, 189557 FR 31845, July T 892; 60 FR
33932;. June 29 1985; 66 FR 7063, Jan. 22, 2001

§141.52 Maximum contaminant level
goals for microbiological contami-
nants.

MCLGs for the following contami-
nants.are as mdlcated

Zefo.
0.002:

"10.{ss Nitrogeri).
005

Contaminant | MCLE

{3 Gl JAMIBHG semmssensssmsmmsrssssserasosmarensics ' 2EIO
2y Virusea . Gee |.20T0
3y £
1y’ “Tatal comorma (lndudlng Iacat cuﬁfnnns zero,

-ant; Escherlchis colly
{5). Cryptospaﬁdlmn -

{54 FR. 27521, 27566; June 29,.1980;:55 F
June 18, 1950; 63 FR 69515, Det. 16, 1938]

§141,58 Maximum contaminant level
goals for-disinfection ‘byproducts.

MCL:Gs for ‘the following:disinfection

‘byproducts are as indicated:
sctichbyprot MoLe
Disiafectioh byprotuct {mal)
‘Bromodich thane iosesiensire | 20FD
Bromalc PRSI i 4 Zaro
Brométa . y — ‘Zoro
‘DIChIDFDECAHE BEI wrvmsseussssermunsissi : Zérm
Tichinroacatic acld - 0:3
Chioiite : srmiensvesier 0.8
Bibremockifo thaie- . ’ 0.08

[63 FR 69465, Dec. 16, 1998, a5 ‘amended at-5,

‘FR 34405, May-30, 2000}

434




How Toxic is Fluoride compared to Lead &

Arsenic.

Relative Toxic

i
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45 baeln

Lead Fluoride

Source:Clinical Toxicology of Commercial
Products LD50 data - 1984

Arsenic

EPA Maximum
Contaminant Levels

Lead Fluoride Arsenic

ppb (Parts per Billion)
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n’s Role in

A Communily Ph
adication Reduction Strategies
TS oS This columia was prepared by the. Inétinute for

¥ nendent: nonpréfi-agency thal works-closely \with

3y g]etfued&ates ‘Pharmacopeia (USF), and Food and
N Drug Administation (FDAJ In enalyzing: medica-
lion ervors, hear inisses, and poentially hezmdons
conditions as reporied by pharmacisis and other practitiopers. ISMP
then ‘malkes .apprapriate coritacts with companies ‘and regulators;
giithers. exper! opinion abowt prevention measures; mmd publishes:is
recommendations. To read aboul the recommendotions for preven-
tion of-reported errors Ihat you-canpit inlo praciice todey subscribe
to-TSVP Mztication Safety Alert!™ Connpity/Arbilatory Edi-
tion: byviisiting winivismpiorg. J you wotild Ike to veport a prob-
lenr-colyfidentially to-(hese: orgauizalions, &0 10; the JSMP HED site

23-ERROR to.rzport directly 1o the USP-ISMP Medication Errors Re-
porting Progrom. [SMP dddress: 200 Lakeside Di; Horsham, FA. 19044;
Phone; 215/947:7797, E-niail lsmplyfo@ighp.org. _

Plisrmacy technicians play a majar.tole in community pharmacy
practice. ‘Thie- pharmacist. réfies on:the tecimicien 10 provide:an-exta
. layer of yafety

Tt s important for technicians 0. follow:systemi-baged
processes andiiiforn the pharmacist whin these pracessesdo not work
orareunrpanageable.
Prescription Drop Off
The date of hitth sliouldl be written on every Hard copy prescitption
30.the pharmiacist as a second identifiér readily avalable during veri-
fication. Allergy information shionld bequestioned and updefed st every
patient-cncounter: Medicel condition informeaiion, such ag pregnaney,
communicatediothe technicianatdropeffshould beupdatedin the com-
puterized profilesystem to help the verification pharmecist detetivithe
counseling opportuities: Knowitlg a person’s medical conditions:also
‘helps the pharmacist determine if prescriptions are written incorrectly
orfor the wrong drug, '
Data Entry '
~ Medication safety isephanced when techniciansknow the particular
langimge oFpharmacy when entering a prescription: ,
New:drogs are at & parienlar Fisk because it i more Jikely: that e
technician Is not aware of the new divg anda more Tmilindrig is:se«
{ected, Pharmacists and tectinicians shotid woik topether to.determing

atie biest method of digtributing information regarding availability of

new drugs-on the matket. o

It is important that the technicianunderstands lic safety. features.of
the computer system and does niot cteste worl-aroutids t6 improve 2f-
ficiency gt the visk of decreaging accuracy and safety: Diug aleriz.canbie
nomerons;andthe sechitictanndy e inclined1o overide the alertandnot
*biathier the pharmacist. A'belter way toresolve too many alerts would
B to establigh protocg] between the techiniéiun and tie phariacist to
deterniine which levelandtype of aler needs phaimadist intérvention,
Production )

_Mi¥sups occur primarily due-to incorrectly. reading the label. The
problenivis aggravaled by whatis referred to asconyirmation bios.Often
atechnician chooses a:medication container Lissed on a.mental pichire
of the ftem, whether it be-a:cheracteristic.of the'diug 1abel, the shape
and size-ar colorof the container; orthe Jocation of the item on a shelf
Consequently the wrang product is picked, Physically separating drisgs

] Sufe Medlcation. Practices (ISMP): JSMP s an-fn-

‘foverifytheaildress ovin the caseof similernames, the.d T
coirpere the answer to the information-on the:prescription: receipt:

Gowwismpiorg) for links with USP. ISMP, and DA Or call 1:800/

L T T O N R A

factor.
Pointof Sale

~ Coirecsly filled preseriptions sold to.n pafient for whom it was siot
Jrigended 15.an-ertor. that cari be ayoided by consistent:

use of a second
the preseription
e date ofbirth;and

identifierat the point of sale, Ask the petson picldng:

Intérnal errars should be discussed among all sinff for iratning
purposes: In-addition; it i§imporiant to tead.about and dicuss enors
and methods of prevention oceurring and being employed gt other

phammacies withina chain snd in-other pharmacies, natiotrwide: ISMP

Medication Sfety Alerél Community/Ambulatory Edition offers this
infarmation 16 hoth pharmacists end technicians,

FDA’s Effort to Remove Linapproved Drugs From
the Market

" Pliarmacists-are: often. not: sware. of the unapproved slatus.of some”

drugs and have continued to unknowingly dispense unapproved drugs
Hecausahe lnbeling does not disclosethatihey lsck FIA approval. FDA
estimates that there are several thousand unapproved drugs illegally
marketedin the United Stites. FDA iy stepping up ifs effons to remove
unapproved drups from-themarket. .

. Background

'I‘hém*are1hmecategoriesofungppmy_ed&r‘ugsmataraon.ﬂmmmkgt
Thefirst category: consiats:of those that have Bieen approved for safely,
or that are identical, related; or sirilar to:thase drugs, and citlier tiave
heen fourid tiot to be effective; or for which FDA hasnotyet deterniiiied
thet they are effettive. Between 1938 (passage of the: Federal Food,
Drug, and Cosmetic Actyand 1952, manufaciurers were onfy-required
o demonstrate thit.drugs were safts the reguirement.(hit they z:]l.lsO'-

Fal In i categiory s
‘Tmplementation) review; which wis

drogs approved betwesn 1938 and 1962, ordmigs:
ated, or simtlar to such drugs; metthe new éffectiveness regiremeis.
While the DESI review is mostly compieted; some parts of it ace still
contifiing: The sécond catégaly of unapproved drugs consists:of those
drupsthatwere onthematket priorto 1938 (passage of the Federal Food,
g and Casmetic Act), The: third category, new unapproved drugs,
comptisesunapproved drugs thatwerie first matkcted (or changed) dfter

1962, Some sl may Wave already been the subject of a formal agency

finding tiatiliey:are new:dmgs.
FDA’s Concerns About Unapproved Drugs

* . FDAJiossérious concems thiat drags mesieled withouk FD A:approval -

maynotnieetmodern stavidards for sefely, efectiveness; maniufactuting
quallty; labeling; md post-market surveillance, For example; FDA-
approved drugsmyst demonstrate thet their maniifactiring procegses can
reliably produce drug producls of expected identity, strengthy quality, and
prity, In addition, TDAs reviewof the applicant’s Isbelingenstres that
Trelth care proféssionals and patients have the informiation necessaty to
understand a-drog product’s risksand itssafety and efficacy.,

Sponsors thatmatket approved products are sibject tomore exteigive
reporting requirementa for adverse drisg events thah sporisots of imep-
proved drugs, Repoiting of dverse events by healihcare profeasianals
atid patieritsigvolunfary, and under-reporting s well documented. FDA,
therefore; cannot asstme that an unapproved driig is:aafe or effective
simply. becanse it Aes been merketed for some period of mewithoot

reporty.ofsetious safety: oreffectiveriess.concerms,

Page 2
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RCW 59.41.010
Definilions.
As uséd jiv this chapter, the following terme:have the meanings indicated Linless the'context clearly-requires otherwise:
4y Adniinister means the:directapplication of-& legend.drug whether by ihjection, inhatation, irigestion, ov-any-other means, to-the body
of a patient of resgarch subject by:
(a)-A praciitioner; ot -
{by The patient or research siibject at t[\e.dl'recticn of the practitioner.
{2) "Corimunity-hasad care settings” include: Commu_nl,iyires’idanual,:pre'grams for the dg\ié{qpm‘en_ta“y:d]‘g.amgac cerified by the

dpariment of social and halth sérvices under chapter 71A.42 RCW, adult famtly homes"llcensed,undét-;iﬁ'apté’r‘,;{.,t_}_;ﬁg REW,and
bngrdm'g' homes licensed under chapter 18.20 RCW: Communily-based care seltings do ot !nciude,:_acute care of skilled. nursing facilifies.

{3y "Deliver” or "dglivery” means the actual, construstive, or 'auemptegi:t‘mns‘a‘ar'ﬁom one personto.another of & legend drug, whettier or

notthere 5. an agency ralationship.
(4) "Department” means ihe department of heath.
(5) Dispense” means the Interprelalion of a prescriplion or ofdsr or 2 legend (L and, pursuant 10 that prescripfion or rder, (e proper

sslection; measuring, compsunding, fabelihg, or packeg‘lhg.néce'ssary:to;pmpar.aihat_ prescription or order {or delivery.
(6) "Dizpenser” means a-practifionerwho dispenges.
{7) "Distiibite" means o deliver otherthan by administering or-‘dis;"a‘enslng alegend drig.
{8)"Distrititiior! mesns & person who distritiutes.

{9) "Drug™ means:

(a) Substances recognized as drugs [ the sfficlet United:States phammacopoela, ificial homeopathic:pharmecopaeia of the United

Steiss, or officlal national formulary; orany supplerentio:any of them;
{b) Substenves:intended for use in ke dingnosls; cure, roltigation, treainient; or prevention.of disgase i human:beings. or-animals;

{c) Sitbatances (othier than food, nii'neraIs:or-vitanilng)jvimendjeﬁ 1o:affect the struclure-or any funciion of the bady of human beings.or
animals; and

_ {(d)'Substances interided foruse s & component of any aticle specifisd in(a)..(b). or {c) of this subsection. It doesnot Inglide-devices or
‘thair-components, pars, or acoessories. ’

oy ectronifc commuynication of presoription i {
fransmissio of an exactvisual image ol pr ,ﬁbr_\_:_by‘facslmiie,;o‘r"amerélécttprjic*mg fo fginal preseription:information o
cription refill Information sor alegend drug between'an authorized, practiitoner. aid g phesmacy-orihe ransfer st preseripiion ifermation

pras! JEn
for'a legend drug from one:phammacy b nother-pharmany;

an Information-by complter, et the
i .

riformation™ means the.communication oizp{?m_‘ig!i
! S faror

#11)"Inshome cara:settings” inatatie an individual's place of {amporary:and permanent residence, 1 doss not inclide acute:care of
skilled nursing-faciities, and does'notificlude community-baset care-settings.

{(12)"Legend drugs" méans:any.drugs whishare-required by-stateTaw or régulstion of the state board of pharmiacy o'be dispensed on
preacﬁptlon:uulwor‘are, restricted fo use: by-practitioners:only,

_ {43)"Legible prascripflon” feans a prescription.ormedication o‘fd__er {ssuad:by a praciltionsr thet is capable.of being read and undersfood
by the phamacist filling the prascription-or ihe:puise or otheyprattilionsr-implarenting the, rmedicaijon-arder. A prescriplion:mus be-hand:

prifiled, 'tybawmten,.ror:'el'actronlca)ty-_.generﬂ"té'd.
»

{14) "Medicatlon ‘gsgisiance” means gss_lsmnf_:'éz. rendered by a::nonpracﬂtio,nemo:an_.lﬁdl\;iiduasvres'ldlng in a.community-bagad car
or in-home care setfing tofacljitat +tndividual's setf-adminisiration of & le and.drug; or-controlled substance: it ineli
cua‘chtqg_ihe\.indlvl_dua‘l‘,,ﬁa‘nﬁlng,th“emedlca_‘ﬂan;cantalhert.oalhe‘lhdm al,-spening

or placing thie:medication In the Individual's hiand, and such other means of medication assistance as-dafined by:
department, A nonpractitioner may -help‘:‘in*the*preparaﬁun.aoﬂageﬁd_vtim_g,sv ,ntro_ll\édi:substances{ft:r4.aelf,ﬁﬁdfnl Iéfration wiie
practitionar has detemnined and communicated orally or by written direction that such.medic tlon preparation assistance 1§ necessary and
fpmi??ﬂa‘iia Medication assistance shalinotinclude assistance with ntiavenos metiications:orinjeciable-medications; except trefilad
risulin-syringes. ‘ ) ) ) -

ihe.indiidual's-medication caritainer

{15)"Person" means individusl, corporation;, gevernmefit.or govemiiental sibdivision or.agency,-business trusl, estate, trust, parinership
or-assotistion, or sny: stherlegal entity. ’ o ’

{16) *Practitionar® megns:

{8).A physician under chapter 18,71 ROW, an osteopathic physician or an oatecpathic physict in.and surgaon.under chapter 1857 REW,

a dentist under chapfer 18.32 RCW. 2 ‘podiatric physician and surgeon 4 nder chapter 16:22 ROW, & velerinarian under-chapter 18,92 ROW,;
a reglstersd aurse; advanced registared nurse.practitfoner,.ar linensed practical nurse under chapter £.75 RO, an oplometist under -

K@ )

Ytin-fanns leo wa. sovircwidefault:asnx?cite=69.41:010 11/1/2009
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RCW 69.41.010: Definitions. Page 2 0f2

chepter 1853 RCW who is certified by the optomelry tioard under RCW 18;53,010, 2n osteopathic physiclan assiSt_ant- under chapter
18.57A RCW, & physician assistant under chapter 18.71, 'ROW, a naturopath icensed under ehapter 18,364 RCW, a pharmatcist under

thapter 18.84 RCW, or, vihen '

acling underthe required-superislon of 8 -deniist féerised under chapter 18.32 RCW, a dental hygienist

licensed under chapter 18.29 RCW,

{b) A pharmacy, hospital, -or-atharinsﬂtut’lnd]k_.‘ensedfregigterqd‘ oriciherwise pemitted fo distifbute, dispense, conduct research with:
respact 1o, or fo-administer:a: legend drug I the course.af professianat practice or resaarch in this state; and

(&) A physician ncsnsed:_.tq:pra,qtlbeﬁmeﬂlc]ne .and surgery ora phiysician ficepsed to pregtice opsteopathic mediclie and. surgery In any
&ate; or province of Canade, which-shares: & common Border with{he state of Washingion.

(7 nSecrelary” means the secrelary:of health.orihie secretary's deéig_nee.

{2008 c.546.§ 1024; 2008 €A1 15 Prior 2003 ¢ 267.§ 2 20030 140§ 14, 2000 0 44 2 prior; 18880222 §1:4980 £70 § 2, 18952170 §.46; 1004 5p.sCO§ 736,
Frlor: 1868 fetex.s. ¢ 8§ 425; 1688 CTRE 316840 1535 17 1880'CT1 5 1; 18786l & 138 541873 18 ex.s. 010861 ) ’

Tttt Hamne 1aer vm rrn-x-r-'/rnnr/ﬁlp‘f“ﬁ’t.ﬂ"l‘ RQT\Y‘?(‘.H'P.:F\Q 4] .ﬂ] n ] 1/1/2009
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Drugs |
New Drug Application (NDA)
Introduction

For decades, the regulation and control of new drugs
In the United States has been based on the New Drug
Application (NDA). Sihce 1938, every new drug has
been the subject of an approved NDA before U.S.
commercialization. The NDA application is the vehicle
through which drug sponsors formally propose that the
FDA approve a new pharmaceutical for sale and
marketing in the U.S. The data gathered during the
animal studias and human clinical trials of an

tigational New Drug (IND) become part of the

The goals of the NDA are to provide enough
nformation to permit FDA reviewer to reach the
following key decisions:

& Whether the drug Is safe and effective in its
proposed use(s), and whether the benefits of the
drug outweigh the risks, .

s Whather the drug's proposed labeling (package
insert) is appropriate, and what it should contain,

» Whether the methods used in manufacturing the
drug and the contrals used to malntain the drug's
guality are adeguate to preserve the drug's
identity, strength, quality, and purity.

The documentation required jn an NDA is supposed to -
tell the drug's whole story, including what happened
during the clinical tests, what-the ingredients of the
drug are, the results of the animal studies, how the
drug behaves in the body, and how It'is manufactured,
processed and packaged. The following resources
provide summaries on NDA content, format, and :
classification, plus the NDA review process:; T:) i

hitto://wrww.fda.eov/Drues/Develonment AnorovalProcess/HowDruesareDevelovedandApn,..  11/4/2009
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Resources for NDA Submissions

The following resources have been gathered to provide
you with the legal requirements of a new drug
application, assistance from CDER to help you meet
those requirements,-and internal NDA review
principles, policies and procedures,

Guidance Documents for NDAs

Guidance documents represent the Agency's current
thinking on a particular subject. These documents are
prepared for FDA review staff and applicants/sponsors
to provide guidelines to the processing; content, and
evaluation/approval of applications and also to the
design, production, manufacturing, and testing of
regulated products. They also establish policies
intended to achieve consistency in the Agency's
regulatory approach and establish inspection and
enforcement procedures, Because guldances are not
regulations or laws, they are not enforcéable, sither
thtough administrative actions or through the courts.
An alternative approach may be used if such approach

~ satisfles the reguirements of the applicable statute,
regulations, or both. For information on a speacific
guidance document, please contact the originating
office.

For the complete list of CDER guidances; please see
the Guidance Index. For information en a specific
guidance document, please contact the originating
office.

Guidance documents to help prepare NDAs include:

'C@nsideratyons (Issued 10/2000 Posted
10/27/2000). This guidance should be useful for
applicants planning to conduct bioavailahility (BA)
and bioequivalence (BE) studies during the IND

period for-an NDA, BE studies intended for 79
submission in an ANDA, and BE studies | b-
conducted in the postapproval period for cerfain A -7
changes in both NDAs and ANDAs, ' j 5

-http://m;f&a.govmmgsﬂ)evelopmentAppro-vaJPmces_,s‘lH"dWDrugsalteDeve]oDedandApp... 11/4/2009
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s Changes to an Approved NDA or ANDA [HTIML] or
[PDF] (Issued 11/1999, Posted 11/19/1999)

« Changes to an Approved NDA or- ANDA:;
Questions and Answers [HTML] or [PDF]
(Issued 1/2001, Posted 1/22/2001)

¢ Container Closure Systems for Packaging Human

Druas and Biologics. (Issued 5/ 1999 Posted
7/6/1999)

s Format and Content of the Chemistry,
Manufacturing and Controls Section of an
Application. (Withdrawn as per FR notice,
6/1/2006)

s Format and Content of the Micmblolmqv Section

of an Application. )

o Fer.mat ar d Content of the Clinical and Statistical

jons of an Application. (Issued 7/1988

posted 5/21/1097)
= Format and Content of the Summary for New

lications, (Issued 2/1987,

Posted 3/2/1998)
o For mattina Assemblm and S b

;Prod_ucts.e. )
» NDAs: Impurities in Drug Substances (Issued
2/2000 Posted 2/24/2060)

gghcatlo (Posted 3/2/1998)
g Clini cal | v_i ence of - Effectxve_ gss for

-]

the quantlty 'of evxdenc:e and”theﬁdocuméntatron

htf'(:p:_‘//WW-w.fda.,c:oleru‘gs‘(Deve-lopmenﬁApprovalecess[l:IowDin;gsareDevelopedandApp.-.,.‘ 11/4/2008
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of the quality of evidence necessary to support a
claim of drug effectiveness.

Drug Master Files, A Drug Master File (DMF) is a

submission to the FDA that may be used to
provide confidential detailed information about
facilities, processes, or articles uséd in the
manufacturing, processing, packaging, and
storing of one or more human drugs.
s Reguired. Specifications for FDA's IND, NDA, and
‘ ANDA Drua Master Fﬂe anders
Qualifyin : sivity. Certain
»appncations may be able to obtam an additional
stx months of patent exclusivity.

]

& PET Drug Applications - Content and’ Format for
NDAs and ANDAs [HTML] or [PDF] (Issued
3/7/2000, Posted 3/7/2000)

s Refusal to File, (Issued 7/12/1293, Posted
11/26/99) Clarifies CDER's dec;sxons to refuse to
file an incomplete application.

Laws, Regulations, Policies and Procedures

The mission of FDA is to enforce laws enacted by the
U.8. Congress and regulations established by the
Agency to protect the consumer’s health, safety, and-
pocketbook. The Federal Food, Drug, and Cosmetic
Act is the Basic food and drug law of the U.S. With
numerous amendments, it is the most extensive law of .
its kind in the world. The law is intended to assure
consumers that foods are pure and wholesome, safe to
eat, and produced under sanitary conditions; that
drugs and devices are safe and effective for'their
intended uses; that.cosmetics are safe and made from
appropriate mgredlents and that all labeling and
packaging is truthful, informative, and not deceptive.

' Cade of Federal Regulations (CFR)
Lode Of Federal Regulations (CFR)  The final

regulations published in the Federal Register (daily - \ &5
published record of proposed rules, final rules, -ﬁb “ 3 (?f?
meeting notices, etc.) are conected in the CFR The '

CFR is divided into 50 titles which represent broad A . 7 ]
areas subject to Federal regulations. The FDA's ' Y

hittp://ww.fde. gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApp... 11/4/2009
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Bone Valley

From Wikipedia, the free :cncyclqpedia
(Redirected from Bone valley)

The Bone Valley is:a region of central Florida,
encompassing portions of present-day Hardee,
Hillsborough, Manatee; and Polk. counties, in which.
phosphate-is mined for use ifi the production of
agricultural fertilizer. Florida currently contains the
largestknown deposits of phosphate in the United
States.

Conténits

1 Process
2 History i Gt g
3 Rail Service Phosphste fértilizer processing plant = Nichols, 4
4 Risks.of mining ’ Florida. o
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Process

Large walking draglines, operating twenty-four hours a day in surface
mines, excavate raw pebble phosphate miked with clay and sand (known as
matrix) using huge buckets which can hold more-than 40 cubic-yards
(;30.58':1‘113 ) of earth. The matrix contains a number of ‘chemical impurities,
including naturally occurring uranitum at concentrations ofapproximately
100 ppm.

The matrix is then dropped intoa pit Wher;efiit is'mixed with water to creaie i Rotary gondolas such as
a shurry, which is then pumped through miles of large stee] pipes to washing these areused by CSXT |
plants. These plants crush, sift, and separate the phosphate from. the sand, | to'transport phosphate
¢clay; and other materials, and mix in more water o createa granular rock | rock from the Bone
termed wetrock. The wetrock, which i§ typically of little use in raw form, is Valley regionto |
fhien moved largely by rail to-fertilizer plants where it is processed. The | trapsloading facilities
final products include, but are not limited to, diammonium phiosphate B d?iongiTantlipa BI?I‘}‘” T’d :
(DAP), monoammonium phosphate (MAP) and triple superphosphate | Beison Junction, FoCE.
(TSP).

Waste byproducts-are stored in 14 -ge phosphogypsum stacks and settling ponds, whose sizes are often
measured in hundreds of acres, and can be-up to 200 feet (60.96 m) tall in the case of large stacks.
Phosphate processing produces si gnificant amounts of fliaorine gas, which must be treated by filtering
through special scrubbers. :

Most-of the final product-(known within the industry as ‘dryrock’) are then transported by rail to facilities
along Tampa Bay, where they are transloaded onto stiips. déstined for conntries such as China.

Phoesphate product intended for domestic use is assembled into long trains of covered hopper cars for
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northbound movement.

History

When the narrow gange Florida Southern Railway reached Arcadia in 1886, it was only a sleepy little
town and the builders paused only briefly before pushing the railroad south to Punta Gorda. Unknown to
the railroad and the general public-at this time, a great discovery had been made-in 1881 by Captain
Francis LeBaron of the United States Army Corps of Engineers, who was examining the lower Peace
River area for the survey.of a canal that would connect the headwaters of the Saint Johns River to
Charlotte Harbor. Here He found and shipped to the Smithsonian Institution nine batrels of prehistoric
fossils from the sand bars-prevalent on the lower Peace River. He also noticed.that there wasa
phosphatase quality to the fossils and the deposit they were found in was very valuable. The
Smifthsonian wanted him to return and lead an expedition for prospecting more fossils, but Captain
TLeBaron wasunable to return due 1o his important duties at Fernandina where he was put in charge of
harbor-improvements.

Finally-in December 1886, LeBaron was:able to returnto the Peace River whete he dug some test pits
and sent'the samples to a laboratory for analysis. His suspicions were confirmed as the tests showed high
quality bone phosphate of lime: LeBaron tried in vain to round up investors in New York, Boston and
Philadelphia, but none were willing to invest in the project, Frustrated he left the United States: for the
ill-fated Nicaraguan Canal Project.

Meanwhile, the test results became known to Colonel G.-W. Scott who owned the G:W. Scott
Manufacturing Co. of Atlanta and he quickly sent a representative dowm to Arcadia who made sevetal
large purchases along the Peace:River. Colonel T.8. Moothead of Pennsylvania had also learned about
the deposits from Captain LeBaron, but not the secret of their location, traveled to Arcadia where he
luckily stumbled onto the fimous sand bars. Mr. Moottiead formed the Arcadia Phosphate Company,
with fhe Scott Mfg. Co. quickly agresing to-purchase the entire output. The very first shipment of
Florida phosphate was made in May 1888 when the first ten car loads were dispatched to Scoit’s
Fertilizer Works i Atlants, Georgia. Soon after, G.W. Scott formed the Desoto Phosphate Co. at Zolfo
where the Florida Southern Railway crossed the Peace River. However the biggest player was the Peace
River Phosphate Co. (formed in January 1887) which waslocated in Arcadia by MM, Knudson of New
York and they quickly built a narrow gauge railroad from the works on. the river to the interchange-with
the Florida Southern. It is this company and its railroad that is the first direct ancestoiof the future.
Chatlotte Harbor & Northern. The Peace River Phosphate Co, began mining in the Winter of 1889, and
most of the ore was shipped'to Punta Gorda via. the Florida Southern, where it was loaded onto boits for
exportto Europe. : .»‘f‘

Early mining methods was the pick and shovel method where the above water sand bars - were mined by
hand and loaded onto barges which were herded by shallow water tug boats to the drying works located
nearby. Soon the.use of suction dredges were put into use and the mining spread all along the lower
Peace River. A ' '

Moorhead soon sold his Arcadia Phosphate Co. to Hammond & Hull of Savannah, Georgia.alarge
fertilizer operation in that city: Moorhead then left Florida and returned to Pennsylvania, where he
developed.a phosphate mine in Juniata County, PA and formed the narrow gauge Tuscarora Valley Rail
Road. Hammond & Hull also owned the Charlotte Harbor Phesphate Co. which had their works:at Hull,
connecting with the Florida Southein by a short branch linie. Wanting to connect the two plants;
Hammond & Hull built 2 narrow gange railroad between Arcadia and Hull around 1890. The railroad
served various load outs along the rivet where the barges full of pebble would beunloaded and raized to
the railroad and loaded onto ore cars for the journey to the drying plants at Arcadia and Hull, Hammond

N-8 e
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dropped out around 1890 and the new-firm was known as Comer-& Hull.

The Peace River Phosphate Co. in the mean time had built a narrow gauge railroad north of Arcadia to
their load-outs along the Peace River. Like the Comer & Huill operations, the ore was hauled to the
diying plant at Arcadia where it was loaded into the narrow gauge boxcars of the Florida Southern.
When the railroad converted it's Charlotte Harbor Division to standard gauge in 1892, both the-Peace
River Phosphate Co. and Comer & Hull operations converted their respective railroads. Joseph Hull of
Comer & Hull purchased a half interest in the Peace River Phosphata Co. about this time.

Tn December 1894, Joseph Hull consolidated the Arcadia Phosphate Co., Charlotte Harbor Phosphate
Co., Desota Phosphate & Miring Co. & Peace River Phosphate Co. into the Peace River Phosphate
Mining Co. -

Peter Bradley of New York was one of the fertilizer capitalists (Bradley Fertilzer Co .) that Captain
LeBaron had first approached about the sand bars, but was initially rebuffed. Tn May 1899, he was
involved in the merger of 22 fertilizer companies into the American Agricultural Chemical Co.
becoming vice president and a director of the'new corporation.

AACC began buying the stock of the Peace River Phosphate Mining Co. beginning in June 1899 and
firiishing up in January 1902.

The Peace River Phosphate Mining Company Railroad consisted of a mainline running south from
Arcadlia to Liverpool. A few short branches connected the railroad to the Florida Southern.(later the
Plant System in 1896 and the ACL after 1902) at Arcadia, Hull 'and Liverpool: At Hull was the washing
plant where sand was removed. Liverpool housed the drying plant-and barge loading facilities. A branch
runtiing north for about 3 miles (4.8 km) upstream from Arcadia served the many load outs along the
river,

In the early years, phosphate from the Peace River area was barged to Punta Gorda, or shipped by rail to
Port Tampa. Other important ports were later established at Seddon Island, Boca Grande, and Rockport.

Today, there are two companies which mine phosphate rock in the region, Mosaic Inc. (formed from the
merger of IMC-Global and Cargill Crop Nutrition) as well as CF Industries. At present, Mosaic is
seeking to mine properties further south, in Hardee and Manatee Counties.

With renewed interestin corn-based Ethanol fuel, the demand for fertilizer is expected to increase.

Rail Service 7,
Throughout most of the twentieth century, the Bone Valley region received
service from two major railroads, the Atlantic Coast Line-and Sedboard Air
Line, More thian a few plants and mines saw the services of both railroad
companies, such as the Ridgewood fettilizer plant located at Bartow, and
the massive Pierce compléx south of Mulberry, It was not until the 1967
Seaboard Coast Line merger that the bitter rivalry was put to rest. SCL itself

was later absorbed info CSX, who have since pursued an aggressive strategy | R
of abandoning redundant trackage. + Phosphate train entoute |

to.a fertilizerplant. —
Pierce, Florida. {

Risks of mining o

Phosphate is-a-declining expott to China. Previously, significant

s
2.4 LY




Bone Valley - Wikipedia, thie free encyclopedia Page4 of 5

amounts of rock were shipped to China, where it was processed
into phosphate fertilizer. The:majority of phosphate mining in
Florida is done in the Peace River watershed. Phosphate mining
companies use draglines to remove surface soils up to 60 fest
(18.29 m) deep over thousands of contiguous acres. Once land is
mined, state law reguires that it be.reclaimed. Wetlands are
-reg:l?med. on an acre fgr:aqrc?? type fo; t.}’f‘pe‘ basis. Most modern ' .Bhbéﬁhdgypsurﬁ stack lbcaééé n'ﬁ; i
mining permits actially require companies to recreate more | Fort Meade; Florida. These contain
wetlands than were initially-present on the land. More than { " the waste byproducts of the
180,000 acres.(728 10112) have.already been mined and reclaimed. ! phosphate fertilizer industry.

in thie Peace River watershed. As reserves in the northern portion W T T e
of the bone valley are depleting, mining companies are now

seeking permits for another 100,000-acres (405 km?), which will replace reclaimed mines to the north,

One byproduect of the extraction process is clay, which is stored in settling ponds and eventually
comprise thirty to forty percent of a mriine site. Some of these ponds can measure thousands of acres.
Rain drains slower throngh these clay-laden ponds than typical soil. Critics argue that this, in turn,
reduces baseflow to the Peace River. Some studies have indicated that reclaimed larids actually provide
a.more consistent baseflow because the sandier soils of the reclaimed land provide faster baseflow,
while the elay provides a slower steady flow, creating more flow during dry periods than native land,
Since the 1960s, the average annual flow of the middle Peace River has declined from 1,350 cubic feet
(38.23 m?) to 800 cubic feet (22.65 m?) per second (38.23 10.22.65 m¥s). Critics argue thatthis flow
reduction is due to phosphate mining, but studies by the. Southwest Florida Water Management District
Have shown that the rednetion. in flow is dne to multidecadal oscillation in Aflantic Ocean temperatures.

Critics argue that each holding pond has been perceived as a risk that threatens water quality, public
health, wildlife, and the regional economy. Dams restraining the ponds have overflowed or burst,
sending a shury of clay into theriver, and coating the riverbed for many miles with-a texic clay slime
‘that suffocates flora and fauna. One such incident in 1971 killed over three million fish when:two
million gallons of phosphate waste swept into theriver, caiising an estimated five foot tall tide of slime
that spread into adjacent pastures and wetlands. Since the 1971 spill; clay settling areas are now
constructed as engineered dams. No such spills have occurred from any seftling areas Built to these
staridards. The curtent dams even withstood three hurricanes which crossed directly over the Bone
Valley in 2004.

Mostrecently, in 2004, during Hurricane Frances, a phosphogypsum stack was overwhelined by
huiricane rains-and the levees were breached, sending over 18,000'US gal (68;137 L) of acidic process
water into Tampa Bay. Cargill Crop Nuitrition, who' owned the stack, added lime into the affected areas
in an attempt to neutralize the highly-acidic runoff. Due to the extraordinary amount of runoff created by
the hutricane, the spill was quickly diluted and environmental damage was minimal. In a consent
agreement with the Department of Environmental Protection, Cargill greatly increased its water
tredtinent capacity at the facility. The facility is a no discharge facility and was overwhelmed by the
above normal rainfall in 2004, in addition to'being affected by-three hurricanes.

On occasion, clay slime spills have prevented the Peace River Manasota Water Supply Authority from
usifig river flows for drinking water; forcing municipalities to sesk water supplies elsewhere, or rely on
stored supplies. On several occasions, the effects of heavy rainfall have created sinkholés beneath the
settling ponds.

External links




Bone Valley - Wikipedia, the free encyclopedia _ v Page.5 of' 5

CF Industries, Inec.
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Photographs of Gypsum Staeks w/ Wastewater Ponds

All of the photograplis on this page, except.for the photos of the sinihole, were téken by Michael and Paul Connett in Central
Florida (the heart of the phosphate industry)in June:2001. They can becopied and distributed fireely. Click on the photos to
aécess larger copies:of each. To learn:more about the phosphate:fertilizer industiy; click hiere,

Phosphogypsum Stacks w/ Was

Sinkhole in Gypswn Stacks
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Source of Photo Uniknown

See: The Phosphate Fertilizer Indusiry: An Environmental Overview

3
s

LY
I,
N,

¥




The Phosphate Fertilizer Industry: An Envirenmental Overview . Page 1 0f 13

About FAN

Lg’test-“News o

' Phos P
{C ee more photographs)

......................................

sareatfioile  The Phosphate Fertilizer Industry: An
Fuordsraiien  Environmental Overview

Take Action] by Michae’_l;'c,;._o'nnet't
P i e ey Fluoride Action Network
Contact Us May 2003

Donate

AQs 1) Introduction

2)Effects of Fluoride-Pollution

3) Litigation from Fluoride. Damage

4) Scrubbing ‘away.the problem

‘5). A Missed Opporiunify: Liflle Demand for Silicoflucrides

6) Fluoridation: "Anideal solitior 16 & long-standing | roblem”?
7) Recent Findings on- Sillcofluorides

8) Gypsuni Stacks & "Slime Ponds!

9) Radiation Hazard

10) Will radioactive aypsum be added to roads?
11) Commereial Uranium Production

12) Cold War. Secréts & Worker Heslth

13) Wastewater Issues

14):Réferences

15) Photdgraphs.of the Phosphate Industry

16) Further.Reading

EAQs
Search

1) Introduction {back tb top)

They call them "wet scrubbers" - the poliution c_ontrdl_:’”devices used by the phosphate
industry to capture fliioride gases produced in the production of commercial ferilizer.

In the past, when the Industry let these gases escape, vegetation’'became:scorched,
crops destroyed, and cattle cripipled.

Today, with the development of sophisticated air-poltution control technology, less of
the flueride escapes into the atmosphere, and the type of ;pollution that threatened the

survival of some.communities i the 1950s.and 60s, is but athing of the past (at least
in the: US and other wealthy countriss). : /\ =y
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However, the impacts of the Industry’s fluoride emissions are still being felt, aithough
more subtly, by millions of people ~ people who, for the most:part, do not live-anywhere
near a phosphate plant.

That's because, after being captured in the scrubbers, the fluoride acid
(hydrofluiorosilicic acid); a classified hazardous waste, is barreled up andsold,
unrefined, to communities across the-couritry. Communities:add hydrofiuorostlicic-acid
to their water supplies as the primary-flucride.chemical for ‘water fluorAdation.

Even If you don't Iivé th a community where fluoride Is.added to water, you'll still be
getting a dose of itthrough cereal, soda, julce; beerand any other processed food and
drink manufactured with flucridated water.

Meanwhile, if the phosphate industry has.its way; it may soon be distiibuting anothier of
its.by-products to communities across the country. That waste product is radium, which
may soon be:added to-a roadbed near you - if‘the EPA bugkles and industry Has'its
way.

2) Effects of Fiuoride Pollution (back to top)

Gentral Flofida knows itwell. So-too does Garrison Montana, Cubatdo. Brazil, and any
otfier-community- where phosphiate industries have hadinefficient, or non-existent,
pollution-control: Fluoride.

The Canadian Broadcasting Corporation (CBC) called'the phophate industry.a
moandora's box.” That,while it broughitwealth to rural communities; italso brought
ecological devastation. The CBC-described the effects of one particuiltar phosphate
plant in Dunwille, Ontario:

"Earmers noticed it first... Something mysterious burned the peppers,
burned the friiit, dwarfed and-shriveled the grains; damaged everything
ikt grew. Something in the air destroyed the crops: Anyone could see
it... They noticed It first in 1961. Againin '62. Worse each year. Plants
that didnt bumn, were dwarfed. Grain yields cut in half...Finally; a greater
disaster revealed the source of the trouble. A plumefrom a silver stack,
once the symbol of Dunvllle's progress; spreading for miles araund
poison - fitiorine: It-was identified by veterinarians. There wasno doubt.
What happened to the cattle was unniistakablé, and it broke-the
farmer's heatts. Fluorosis - swollen joints, falling teeth, pain until cattle
lie.down and.die. Hundreds of them, The cause - fluoring; polsoning
from:the.air."

Fluoride has been, and remsins 1o this day, one of the largest environmental liabilities
of the:phiosphateé industry, The source of the problem lies in the fact thatraw
phosphate-ore contains high concentrations: of fluotide; usually between 20,000 to
40,000:gfarts per million (equivalent to 2 10:4% of the ore).

S

When thils ore:is .prdce,s'sedir’itoswat_,er-s’bluﬁle phosphate (via the addition of suifuric
acid), the fluoride contenit of the ore is vaporized into thie air, formihg highly toxic
gaseolis cempounds (hydrogen fdoride and silicon tetrafluoride).

Inthe past, when the industry had little; if any, pollution-conitrol, the fluotide gases were
fraqueritly emitted In large volumes into surrounding communities; calising serious
environmenital damage.

In Polk County. Florida; the creation of multiple phosphate-plants in the.1940$ caused
damage 1o nearly 25,000 acresof citrus groves and "mass-fluoride poisoning" of cattle.
It is estimated that; asa result of fluoride contamingtion, "tHe catile population.of Polk
County dropped:30,000 head™ between 1953:and 1 960, and "an-estimated 150,000
acres of cattle land were abandoned™ (Linton 1970).

According to the former president of the Polk Count: -Cattlemen's Assodiation:
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"Around 1953 we noticed @ change in our cattle... We watched our
cattie' become gaunt and starved, their legs became deformed; they lost
their teeth. Reproductior fell-off and whn a cow. did have a calf, it was
also affected by this melady orwas a stillbom" (ibid).

In the 1860s; gir pollution emitted by ariother phosphate-plant in Gartison; Mentana
was severa enough to be branded™the worstin the nation” bya 1867 Natiorial Air-
Pollition Confergnce i Washington, D.C.

As in Polk County, and other commuinities downwind of fluoride emissions, the cattle in
Garrisonwere poisoned by flioride; As described in 21969 article from Good
Housekeeping: .

*The blight had afflicted cattle too. Some lay in the pasture, barely able
to move. Others limped and staggered on swollen legs; or painfully
sank down and iried to graze on their knees... Ingested day after day,
thie; excessive fltoride had caused'idoth and bone disease'in the cattle,
so that they could not tolerate the anguish of standing or walking, Even
gating ordtinking was an agony. Thelr ultimate fate was dehydration,
starvation:- and death.”

3) Litigation from Fluoride Damage {(back to-op)

Damage 1o vegetation and livestock; caused by fluoride emissions.from large industry,
has resulted, as one might-expect, in a great deal of expensive litigation. In 1983, Dr.
Leonard Weinstein of Cornell University, stated that "certainly, there has been more
litigation on alleged damage to-agriciilture:by-fluoride than all:sther pollutants.
combined” (Weinstein 1983). While Weinstein was referting 1o fluoride pollution in
general, his comments.give an indication of the problem facing the phosphate industry
- one of the mos! notoricus eniitters of fluoride - ini lts early days. '

So too does.an estimate from Dr. Edward Groth,.currently a Senior Sclentist at
Corisumers Union. Accordinig: o an arficle written by: Groth, fluoride pollution between
the years 1957 to 1968, "was responsible for:-more damage claims against industry
than &l twenty (nationally monitored-air poliutants) combined.”

The:primary reason for the litigation against fluoride emiltfers was "the painful,
economically disastrous; debilitating disease” that fluoride. causes.to livestock {Hodge
& Simith 1977). As noted ina 1970 review by the US Department of Agriculture
(USDA), ‘

"Airborme fluotides have csused more worldwide damage to domestic
-animals than any other air-pollutant® (Lillle 1970).

Another review on air pollution reached ‘the same conclusion. According to Ender
(1969):"" .
J

*The most important problem concerring damage to:animals.by-air
pollution is, no doubt; the poisoning of domestic:animals caused by
fluorine in smoke, gas, ordustfrom.various industries; industrial
fluorosis in livestack is today a disorderwell kilown by veterinarians in
all industrialized countries.”

According 1o a review discussifig "Fluotine toxicosis.and industry”, Shupe ‘noted that:
"Air pollution-damage to agricultiiral produetion ifthe United States in
1967 .was estimated ‘at:$500,000,000. Fluoride damage io: livestock and
vegetation was a-substantial part of thisramount" {(Shupe 1970),

4) Scrubbing away the problem (back i lop)

Duse to the inevitable liabilities that fluoride pollution presented, and to an Increasingly

H=4's &




The Phosphate Fertilizer Industry: An Environmental Overview Page 4 of 13

stringent set of environmental regulations, the phosphate industry began Gleaning up
its mctk:

As noted by Efvin Bellack, a chemist for the US Public Health Service:

"In the manufactirre of super-phosphate fertllizer, phosphate rock Is
acidulated with sulfuric-acid, and the fluoride cornitentiof the rock evelves
asvolatile siliéofluorides. In the past, much of this-volatile material was:
vented to the atmosphere; contributing heavily to pollution of the airand
Jand surrounding tHe mantfacturing site. As-awareness of the pollution
problent increased, scrubbers were added.to-strip particulale and
gaseous componerits from thie waste gas...” (Bellack 1870)

A 1979 review, published in the journal Phospharous & Potassium, added:

"The fluorine.compounds liberated during the acidulation of phosphate
rock are now rightly. regardéd as a menace and the industry is now
obliged to suppress emissions-containing vapersto within very low

- limits in most parts of the-world... '

In the past, little attention was paid to:the. emission ¢f gaseous fluorine
compounds in thie fertilizer industry. But:today fluorine recovery is.
increasingly-necessary because of stfingent environmental restrictiorns
whiéh demand drastic reductions in the quantities of yolatile and txic
fluorine compounds emitted irito the.waste gases.: These compounds
now have to be:recovered and converted into. harmiléss by-products-far
di_spo)sa!' or; more desirably; into marketable products {Denzinger
1979),

5) A Missed Opportunity: Little Demand for Silicafluorides (backto top)

Considering the-great demand among big industy for fluoride chemicals as'a material
psed in a'wide vanisty of commiercial products and Industrial progesses, the phosphate
iridustry could have made quite a handsome profit gelling its fluoride wastes-to
industry. This was. inideed the hope.among some indusity analysts, including the
atithors of the review noted above (Denzinger 1979):

However, the WS phosphate industry has thus:far been unable to take advantage of

this market. The principal reason:for thig fallure stems fromithe factthat fluoride
captdred in the scrubbers'is combined with silica. The:resulting silicofluoride complex
has; infurn, proved difficult-for the Ihdustry to separate-and purify in-an economically-
viablg.process.

As itnow stands, silicofluoride complexes (hydrofluorosilicic acid & sodium
sillcdﬂq%ﬁd&‘)‘ are of little-use to indusiry:

A
Thus, while. US industry.coninues to satisfy its growing demand for high-grade flucride
chemicals by importing calcium fluoride from abroad (primarily from Mexico, China,
and Souith Africa), the phosphaté industry continues: dumping large volumes of flioride
into the acidic wastewater ponds that lie tHe top of the mouritainous waste piles
which stirround the-iridustry;

fn 1995, the Tampa Tribune summed up the situation as follows:

*The U.S. demand for fluorine, which was-400,000 tons; is expected to
jump 25 percent by next year.. Even though 600,000 tons of fluoring
are. contalned in the 20:million tons of phosphste rock mined in Florida,
the fluorine market has been inaccessible because the flioring is tied’
up withsilica, @ hard, glassy material.”

Of course, not all of the phosphaite.industry’s fluoride waste is, disposed ofin'the
ponds. As noted earlier, the phosphate industry. Has found at least one regular E« o
xe\.:_/)" - 5
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consumer of its sliicofluorides: municipal water-treatment facilities.

According fo recent estimates, the phosphate:industry sells approximatel '_'260;0',00
tons of silicofiiorides (hydrofiuorosilicic acld. & sodium silicofluofide) to US ™
communities each year for use:as a water fluoridation agent (Coplan & Mastérs 2001).

6) Fluoridation: "An ideal solution to a long-standing problem™? (baclto fop).

In 1983, Rebecca Hanmer, the, De_puty'Assiétan_t.Admihi's’trator for Wa‘_t'er at the US
Environmental Protection Agency, described the policy of using the phesphate
indisstry’s silicofiuorides for fluoridation as follows:

"In-regard to-the use of flussilicic acid-as the-source of fluoride for
flucridation, this agency regards such use as:an ideal solittion to a long
standing-problem. By recovering by-product fiuosilicic acid from fertllizer
marniufacturing, water and air-poliution are-minimized, and water
authorities have alow-cost source of fluoride available to them.” {See
Istter)

Another EPA official, Dr. J. William: Hirzy, the cuirent Senior Vice-President of EPA
Headdqtiarters Uniian, recently expressed a different view on the matter. According to
Hirzy: .

mif this stuff-gets out inito iHe alr, i's a pollutant; if it gets Into the river,
it's a pollutant; If it gets irito-the lake It's a polistant; but if it goes right
ifito your drinking water system, it's:nota pollutant. That's:amazing...

Thers's got 1o be-a better way to manags this stuff*(Hirzy 2000):

7) Recent Findings on Silicoffuorides (back o lop)
Adding to Hiizy's; and the EPA Uniori's; concems are three.recent findings..

First and foremost are: iwo recent:studigs reporting a relationship between water

treatechwith silicofliiorides and elevated levels of lead in-children's blogd (Masters &

Coplan 1999, 2000). The authors-of these stiidies spectilste tat the silicafiuoride

complex may increase the'uptake:of lead (derived from other environmental sources;
such-as lead paint)-Into: the-bloodstream:

The second finding is the recent; and quite remarkable concession from theEPA, that
desplte 50-years of watér flioridation; the EPA has no:chronic health studies-on
silicofiuorides. All safety studies on‘fiuoride to date have been condiictad tising
pharmaceutical-grade sodiism fluoride; not industrial-grade silicofiuorides: A similar
concession has alsa been obtained from the respestive authorities:in England.

The.defense made‘by agencies promoting water fluoridation, such as the US Centers
for Disease Contrdl, to-the lack of such studies, s that when the silicofluoiide complex
is diluted into-water; It dissociates/into-free fluoride fons or-other fluoride:compounds
{e.g. aluminum-fluoride), and thus thg treated water, when consurmed; will havemo
remairiing siicofluoride residues (Urbansky & Schock,.2000).

This argument, while:supported by a good deal of theoretical caloulatior is backed by a
notable lack of laboratory data. Moreover, arecently obtained and translated PhD
dissertatidn from'a German chemist (Westendorf 1975) contradicts the claims,
According 1o the dissertation, not only do the silicéfiuorides nof fully dissociate; the-
remaining sillcofluoride complexas-are more: potent inhibitors:of cholinesterase, an
-enzyme vital to:the functioning of the central nervous system.

The third finding, although perhiaps of less concem, is that the silicofiuorides, as
ohtaihed from the scrubbers of the. phosphate.iidustry; contdin awide varetyof
impurities presentiin thé process water - including arsenic, lead, and possibly
radionuclides. While:these impurities occur &t fow concentrations, espetially after
dilution Into the water, thelr purposeful addition to water supplies directly violates EPA

Drge




The Phbsp’hate Fertilizer Industry: An Environmental Overview

public health goals. For instance, the EPA's Maximum Contaminant Level Goal for
arsenic, a Khown human carcinogen, is 0 parts per billion. However, according to the
National Sanitation Foundatlon, the addition of silicofluorides to the water-supply-wili
add, on average, about 0,1 100,43 ppb, and as much as 1.6 ppb, arseic o the water.

As noted bythe Salt Lake Tiibune,

"Thoss who had visions of sterile white laboratories:when they voted for
fluoride weren't thinkirig of flucrosilicic -acid. Improbable as this sounds,

rmuch of it Is recovered from the serubbing:sélution thiat scours toxins
from smokestacks gt phosphate fettilizer plants.”

8) Gypsum:Stacks & 'Slime.Ponds” {back o top)

To make 1 pound of commercial fertilizer, the phosphate industry creates:5 potingds of
contaminated phosphogypsum slurry:(¢alclum sulfate). This slurry is piped from the

processing facilities up into the acidic wastewater ponds that sit atop the fhiouniainous
waste piles known as gypsuim stécks: (Ses phiolos)

Aceording to the EPA, 32:million.tons of new gypsuim waste is created each year by
the phesphate industry-in .Central Flarida alone. (Central Florida is the heart ofthe'US
phosphaite industry). The EPA estimates ‘that the current stockpile of wasté in‘Central
Florida's gypsum stacks has reachied "nearly 1 billion metrictons.” (Theaverage
gypsum stack takes up about 1 35 acres of surface area - equal to abput 100 football
fields - arid can go'as highas 200 fest:)

9) Radiation Hazard (back 1o op)

It is sort of a misnomer, howsver, to:call these stacks "gypsum™stacks. Indeed, if the
stacks were simply aypsum, they probably wouldn't exist, as-gypsum can be readily
sold for various purposes (e.g: as-a building material). Whait caii't be readily:sold,
however, Is radioactive gypsum; which: is about the only type of gypsum the phosphate
Industry has to offer.

The source of the:gypsum's radioactlvity is the presence of uranium, and uranium’s
various: decay products {i.e. radium), In raw, pfiosphate.ore: As noted by tHié Sarasola
‘Herald Tribune

"there Is.a natural and-unavoidable connection between phosphate
mining and radioactive material. it 1s because phosphate and Oranitim
were laid down at the:samg tifme and in the-same placeiby the.same
geological processes millions of years ago. They: gotogether. Mirie
phosphate, you get uranium.” '

Whille urBnium, and its decay-products, naturally oécur In phosphate ore; their
concentrations. Ir the gypsum waste; after the-extraction of soluble:phesphate,.are up
to 60 times greater.

The gypsum has therefore:bieen classified as a "Naturally Occuming Radioactive
Materal”, or NORM waste, although sorrie; incliding the EPA, have‘questioned
whether this classification understates the problem. According to the. Tanipa Tribune,
{he'gypsum "is amoeng the most concefitraed radioactive waste that comes from
Aatural materials:"

It is so concentrated, in fact, that "it cani't. be dumped at the one landflll in-the country
ficensed fo.take only NORM waste.”

Thus, aceording to 1S News & World Report, the EPA is currently "welghing whether
to classify the gypsum stacks as hazardous waste under federal sfatutes;.which would

force thie industry to provide strictsafeguards® (to-nearly 1 billion tons of waste).

‘One of EPA's main concerns with gypsum stacks centers.around the factthatradiuym-
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226 breaks:down into radon.gas. When radon gas is formed, it ¢an become altbome,
leading to potentially elevated exposures downwind of the stacks. Such airborne
exposures are of particular concem:to areas like Progress Village; Florida, where "a
new gypsum stack is rising a few hundred yards from a grade school."

According to US News & World Report, there is-evidence to-suggest that.cancer rates
downwind of the stacks may be elevated. A 1995.article in the magsazine stated:

"Some epidemiological studies suggest that lung:cancer rates among
nonsmoking men in the phosphate region are up to twice as high asthe
state average. Acute leukemia rates:among-adults are-also-double the
average. An industry-sponsored study of male phosphate workers,
However, found lung caricer rates no higher than the state average.
“There is.no proof that mine wastes causé eancer, but the evidence is
wortisome,”

10) Will radicactive. gypsum be addéd to roads? (back to top)

With the growing realization that gypsum:stacks represent a sserious.environmental
threat to Central Florida, both now and for generations to come, the phosphate
industry.has been looking into ways ofreducing the size of the stacks {and the size of
their liability.)

In an interesting paralle! to:flucride, the phosphate industry is looking to turn its

gypsum waste into.a marketable product: as & potential cover-for landfills, as a soll
conditioner; and as & base:material for roads.

Acgording to Rohert Vanderslice, head of Phosphate Management for’Florda’s
Department:of Environmental Protection, thie gypsurm is'a "good material ta'replace
fime rock in roads: Lime rock-will run out at some time; and we're still building'a fot:of

roads. Building roads with phosphogypsum would:consume quite a bit of gypsum.”

In 1695, a "Phosphoovpsum. Fact-Finding Forum™ organized by the Florida Institute of
Phosphate Research, presented a "message almed straight at Washington: Relaxthe
rules on using:gypsum:and-the mountains will gradusally disappear.”

As of yet, however, the EPA does not appear willing to relax its rules and Iift its ban on
commercial uses of gypsum. Accordingto the Tampa Tribune; "EPA's limit for use'is

10 picocuries of radium per-gram, well below the levels-usually-found in the mounds.”
A-recent statement from the EPA reads:

"Only‘two uses (for the gypsum) are permitted: limiied agricultural use
and research, Other uses:may be.proposed, but-otherwlse-the
_phosphiogypsum must be refumed 1o milnes ‘or stored in stacks:™
#
11) Commercial Uranium Production (backtotop:

While the presence of uranium decay-products makes gypsum'a tough:sell forthe
phosphate Industry, the uranium has; at various fimes, presented the industry with a
business. opporturity of its:own.

One of the |esser-known-facts about the. phosphate industry Is that its processing
facilities have produced and sold sizeable quantities of uranium.

In 1987, just two phosphate:plants in Louisiana produced 950.000.peundsof
comiriercial uraniuni; which amounted ta-roughly 16% of the domestically produced
uranium in:the US.

in 1998, the same two plants-produced ancther 950,000 pounds, hut due to declining
market prices for uraniuim, bioth plants have since ceased production. ' z}f ) -
sl
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If market prices improve, however, 4 US phosphate plants (27in Louisiana & 2.in

Florida) would Have the capacity to produce a combined 2.75 million pounds of

uranium per year, according'{o the Department of Energy (DOE). The DOE has termed
- these4 facilities "Nonconventional Uranium: Plants." ‘

12) Cold War Secrets & Worker Health (back to top)

The Depariment of Energy has not always been 50 open about the uranium-making
poteritial of the. phosphate industry. During the Cold War, its predecessor instittition,

the Atoric Energy Commilssion(AEC), kept this fact closely underwraps.- even to the
workers whowere, unknowingly; handling large-quantities-of the radioactive: material.

In Joliet. llinois; it has only recently come to Tight that thie local phosphate plant.had
secretly produced some 2 million‘pounds of uranium forthe US govermimentin fhe
years 1952 to 1962. According.to Jocal niewspaper reports, the cancer rates of peeple
who -workéd at the. plant; espscialiy"Building: 55" where the ufarium was processed,
are unusually high.

"We used to:kind of joke that if you worked for Blockson, you got.cancer,” quipped
Vince:Diiscoll, the son of a cancer-stricken worker.

Today, with.the Cold War over, itis beconiing clear that workers in the phosphate
industry need special protection. Agcording to a report from the European
Commiission:

" Processing and waste:handiing in the phosphale industry is
associated with.radiation levels of Goncern for workers and {he public.
The level of protection-for these.groups should be more sifilar'to the
level of protection thiat 1§'state of the art in other ‘industries; particularly
the nuclear industry.”

13) WastewaterIssues {back 16 top)

¢ While the.radioactivity of the gypsum stacks has probably been the key health concern
© oftHe: EPA, it 1s:hot the-only one.

Resting atop the phosphate Industty’s gypsum piles are highly-acidic wastewater
ponds, littered with foxic:contaminants; including-fitiofide, arséhic, cadmiom, '
chromlum, fead, mercury, ahd the various: decay-products of uranium. This
comibination of acidity and toxins makes for:a polsonous, high-velume, cockiail, which,
wheni leaked into the environment, wreaks havoc to waterways-and fish populations:
As noted by the St. Petersburg Times, "Spills from these stacks hzve periodically
paisoned-the Tampa'Bay environs. ®

One spillyin 1997, from a now-defunct gypsum stack In Florida, "killed more:than:a
millior fish:"

"Strike the Alafia River off your list of fishing spots,” wrote one journalist after the spil.
"lt's gonie, déad as a sewer pipe; killed by the carelessness of yet another phosphate
company.”

Today; the :same-gypsum. stack-which:caused this.particular spill; is considered by
Florida's Depaitment of Enviranmental Protection to be "the mest sefious.poliution
ihreatin the state:" That's because tropical rains overthe past couplé of years have
‘brought the wastewaterto the etge:of the stack's walls.

As noted by the Tampa Tribune, "The gypsum mound js near eapacity, and a wet
spring or a tropical storm could cause a catastrophic spill.”

To prevent such a spill, which was afl but inevitable, the EPA recently:agreed fo Jet
Florida pursue "Option Z": To load 500-600 miillion.gallons of the wastewater onto A _
barges and dump it directly into the, Gulf of Mexico. ¢y - c}?@g
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The dumping of the wastewater into the Guif represents the latest In a series of high-
profile embamasments for Florida's phosphéte industry; one of the most dramatic of
which happened on June 15, 1994,

On that day, a massive, 15-story sinkliole appeared in the middle of:an:80 million ton
gypsum stack. The hole was'sorbig that, according to US News & World:Report, It

"could be as big'as 2 million cubic feet, enoughto swallow 400 raﬂread
‘boxcars: Local wags call it Disney Woriﬁ's newest attraction— ‘doumney
to the Center of the Earth.™

But, as US News noted,

"there's nothing amusing aboutit. The cavesin dumped 4 million:to. 6
million cubic: feet of toxic and radioattive:gypsum and waste water into
the Floridan aquifer, which provides 90 percerit of the state's dnnkmg
water,"

And so it'goes.
As summarized by the Tampa Tribung:

"lt's not like you can padiock the doors and walk away. The

complexities of keeping a phosphate processing plant operating.are

becoring clear to-government regulators now overseeing two of them,

Porids full of 15 billion-gallons.of acid and three motiritains of

radioactive waste mean you just can't’ shiut'off the machinery and tum

ouit the lights. The state could be stuck with the plants‘for years. And
taxpayers:would be stuck with the tap.”

14) REFERENCES (back o top)
Full citationsof the studies listed above, canbe accessed at:

hitp:iveww.fluorldealértor/phosphate/dverview-refs:Hitm

Note: Full-text-copies of all newspaper-articles cited in this article can be accessed by
clicking on the links within the text:.

A
15) PHOTOGRAPHS OF THE PHOSPHATE INDUSTRY (back [o lop)

Photographs.of the phosphate industry are available at:
htipiwwwvfluoridealert:ora/phiosphate/phiotographs.him

16) FURTHER READING {back to‘lop)

{Many thanks to Anita Knight:for continually supplying FAN with-newspaper articles on
the phosphate industiy ik Florida,)

Fluoride Pollution Issues

o Wastewater Dump Sesn As "Lesser OfTwo Evils' The Tampa Tribune ,
February15, 2005 A
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Phosphate rich organic manure

From Wikipedia, the fres encyclopedin

Phosphate rich orgenic manires.a type.of fertitizer used g5 an alternative o dinmuioniuni phosphate:and single super phosphate.

Phosphorus.is required by all plants butis limited in soil, crealing a problem in ngriculture, Tn siiany arsos phosphorus must be added to soil for e ckichisive plant growth that
is required in crop production. Phasphorus was ‘first ndded as a ferilizer iri.Alie: form of single. super phosphiate (S5P) inthie mid-ninctetnth cogtiry, following researchiat
Tothamsted Experiricntal Station'in England, '

The world consumesaround 140 iillion fons of high grade rock phosphate mineral 18day, 0% of Which goes into the:production of diammonium phosphate. (DAP): Excess
appliedtion of chiemical fertilizers i fact reduces: the agriciilturil production 5. chemifcals destroy notural soil-flora and faunn. When DAP.or SSP isapplied to-the soil only
abont 30%of ihe phosphorus is used by the plants, while fhe rest is converied:to forms which cannot be'used by the erops {1 X2}y phenomenon whichis knotwn a5 phosphate
problem-lo-soil scientists,

Direoly mixing finely grourid rock phosphate miineral inlo organic manure produces & fertilizer known ss pltosphate rich organie manure (PROM). Research-indicstes that
this substance maybe.a more efficient way of adding phosphorus 10.soil than applyingchemical fertlizersJ 112 Okerbencfits of PROM arethat it supplies phosphorus to the
second crop planied in‘a ircated arén-as efficiently asthe First,and that it cancbe produced bsing waste solids recovered from the discharge of biogas plants.

Phosphoms in-rock phosphate mineral is:mostly in thie form of tricalcinm phosphate, which is~water ixisolittle;: Bhosphorus dissolution:in the soil{§ most fovorable at a pH
‘bétween 3.5 nnd 7.1} 16ns of alumiinum, ivon, and mangunese prevent phosphoris dissclution by keeping local pH below 5:5; and moghesiim dnd talcium fons prevent:the pH
from dropping below 7; preventing the releas ;phquhuruq'ﬁqm"-'iis's,tnble:mdlccﬁle.m Microorganigs prodice.organic seids.and heat, allowing the slow. dissolution of -
phosphorus from'rack phosplite dust-added-to thg.goil,‘al_lpwi:lg,mnfcphosphumsuptnlt'e,by"thq plarittoots. Orgonic:mpnure con prévent fons'of othet'clements-from Jocking:
phosphorus tito.insaluble-forms. Thephosphorus in phiosphate eshnnced orpanic manure ié-Water ihsoluble; o it does notrun into.ground water orrunoff ¥l-any, more than
that from chemical fertilizers.

Most:phosphate rocks can-be:used for phosphiate rich organic manure, It waspreviously.thought that-drify those voeks which have citric acitisoluble phospheite and-those-of
sedimentary-ofigin coild be used B2 Rocks of voleanic origin catf beused s longas they are ‘ground {o very. finesize.
Orpanic manure £hould be properdy girepared Tor use in agricultre; sedicing the C/N'matidto 30:1 orléwer, Alkaline:and acidic soils fequire différent ratios 6f phosphors.

PROMiis known as 8 grccn'.chamis&y'phdsphhﬁc.:ferﬁﬁzcr.‘,Adﬂmo,n‘ of nntural'minerals or synthetic oxidés iniwater insoluble forme that contain piicronuttients:such.as
copper, zint,.and cobalt may improve the-cfficienicy of PROM. Usitig natural sources of nitropen, such ‘ps.4zolla; miy.be more environmentally. sound. 14!
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Lugier Chemical industties, Ltd.
PO'Box 48000
Jaskeonvilie Besich, FL 32250 USA.

Taelephone: 804/241+1200
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PORT ANBELES. GITY OF
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USA
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Invoice Date 11/01/2006
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LCi, Ltd.
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St Louis, Mo 631790057
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3501 WEST 18TH STREET
FLUORIDATION PLANT.
PORT ANGELES, WA 8B363
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i DEPARTMENT OF HEALTH & HUMAN SERVICES Public Heaiih Sewioce
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N

: C ' " Food end Drug Adminlaiatien

" Rockville MD 20857

DEC 21 2000

The Honorable Ken Calvert

Chadxrman

Subcommittee on EBnergy and Environment
Commitiee on Science

House of Representatives’

Washington, D.C. 20515~6301

3

Dear Mr. Chairman:

Thank you fer the letter of May 8, 2000, to Dr. Jane E.
Henney, Commissioner oFf Foed and Drugs, regarding the
uas of filuoride in drinking water and drug products.

We apologize for the delay in responding to you.

We have restated each of your guestions, followed by oux
response. :

1: IFf healith claims are made for fluoride-containing
products (e.g. that they reduce dental caries incidence
or reduce pathology from ornteoporosig) . do such claims
mandate that the Flueride-containing product be
considered a drug, and thus subjeck the product ko
-applicable.regulatpry controls?

wluoride, when used in the diagnosis, cure, mitigation,
treatment, OI preventjon of disease in man or animal, is a
drug that is subject to Foed and Drug Administration (FDA)Y
regulation. FDA published a final rule on October 6; 1995,
for anticaries drug products for over-the-counter (OTE) human
use (copy enclosed)? This rule establishes the conditions
under which OTC anticaries diug pn‘od'uc;t‘s are generally
recognized as safe and effective and not misbranded. The rule
has provisiens for active ingredients, packaging conditions,
labeling, and testing procedures that are required by
manufacturers in oxder to maxket anticariés products. A new
drug application (NDA) may be filed for a product containing
. fluoride that does not meet the provisions stated in the final
rule. As you know, the Environmental Protection Agency
regulates f£luoride in the water supply.
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2. Are there any New Drug Applications (NDA) on file, that
have been approved, or that have been rejected, that
ipvolve a Fluoride-containing product (including
Fluoride~containing wvitamin- products) intended for -
ingestion with the stated sdim of reducing dental caries?
If any such NDA's have been rejected, on what grounds
were they rejected? If any such NDA have been approved,

" please provide the data on safety and efficacy that FDA
found persudasive. »

No NDAS have been approved or rejected for fluoride drugs
meant for ingestion. Several NDAs hawve been approved for
Fluoride topical products such as dentifrices and gels.
Fluoride products in the form of liguid and teblets meant for
ingestion were in use prior to enactment of the Refauver-
Harris Amendments (Drug Amendmerits of 1962) to the Food, Drug,
and Cosmetic Act in which efficacy became a reguirement, in
addition to safety, for drugs marketed in the United States
{.8.%. Drugs in use prior to 1962 are being reviewed under a
process known as the drug efficacy study implementation
(DESTY. The DESI review of fluoride—containing products has
net Been completed.

3. Does FDA consider dental fluorcsis z sign of over
exposure to Lluoride?

. Dental fluworosis is indicative of greater than. optimal
ingestion of fluozxide. In 18988, the U.S8. Surgeon General
reported that dental fluorosis, while not a desirable
condition, should be considered z cosmetic effect rather than
an adverse health effect. Surgeon General M. Joycelyn Eldexs
reaffirmed this position inm 1994.

4. Does FDA have any action~levael or other regulatoxy
restriction or pdiicy statement on fluoride exposure
aimed at minimizing chronic toxicity in adults or
children?

The monograph for OTC anticaries drng products sets acceptable
concentrations for fluoride deftifrices, gels and rinses (all
for topieal use only). This monograph also describes the
aceceptable dosing regimens and labeling including warnings and
directions for use. FDA's principal safety concern regarding
fluoride in COTC drugs is the incidence of flupzesis in

D%l’"‘? =
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children. Children under two years of age do not have control
of their swallowing reflex and do not Have the skills to
expectorate toothpaste properly. Young children are most
stusceptible to mild fluorosis as a result of improper use and
swallowing of a fluoride tpothpaste. These concerns are
addressed in the monograph by. mandating maxirum
concentrations, labeling that specifies directions for use and
age restrictions, and package size limits.

Thanks again for contacting us concerning this matter. If you

“have further guestions, please let us know.

| Sikoerely,

Melinda K. Plaisiex
Associate Commissioner
for Legislation

Enclosure
“Final Rule/Pederal Register - October 6, 1895
Over~the~Counter Antiearies DPrug Produets”

Web site administratoi’s note:

Tb perforin: greiy to access this document
Brterbitp//wwnaccess.gho.gory sy, dors/aces/aoes140. tmil
Eiterrcheckmark for 1995 Yolusie 60

Eiiter: O 10/06/95

Bnter: Seayrch ternis:anlicaries

D,/; o>




I, James Robert Deal, well over 18 and competent to testify, do hereby state
under oath and penalty of perjury as follows:

I received this “rough transcript” of a deposition from Jeff Green, whose contact
information is www.keepersofthewell.com, greenjeff@cox.net, 800-728-3833.

Mr. Green told me that he obtained it from Kyle Nordrehaug, who deposed Stan
Hazen in 2004. Mr. Nordrehaug’s contact information is Kyle R. Nordrehaug,
2255 Calle Clara, La Jolla, CA, 858-551-1223, kyle@bamlawlj.com.

The court reporter was Jerre Walker, who works for Lana, 800-826-0277,
lana.zoida@merrillcorp.com.

In California this is called a “rough” transcript, and it is considered acceptable
for some purposes there.

Although this document is not technically admissible because it is not certified
by the court reporter, I ask the Court to admit it given the fact that it bears
every sign of being genuine and complete. A

I tried to obtain a certified original, but the court reporter said one of the
attorneys in the case would have to place the order. There was not time to
accomplish this.

See pages 1-6 and pages 48-50.

Sos
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Subject: FW: rough of Hazan
Date: Wed, 10 Mar 2004 10:52:40 -0800
Thread-Topic: rough of Hazan
thread-index: AcQGr8p+HLyEN45nQAysAgYmiObzVQAINsUA
From: "Kyle Nordrehaug" <kyle@bamlaWIJ com>
To: <greenjeff@cox.net>, '
"Jeff Green" <jeffgreen@starband.net>

————— Original Message-----

From: Jerre Walker [mailto:jerrewalker@yahoo.com)]
Sent: Wednesday, March 10, 2004 6:54 AM

To: Kyle Nordrehaug

Subject: rough of Hazan

Attached is rough transcript you requested. Please
confirm receipt to this email address.

Thanks,

Jerre Walker

LegaLink San Diego

619-235-2582 x 57



The deposition of Stan Hazan of NSF International (the same person who responded on NSF's
behalf to the Congressional investigation questions I wrote for the House Committee on Science)
- was taken in 2004 as a part of the MACY, COSHOW, ET AL. vs. CITY OF ESCONDIDO AND
CA DEPARTMENT OF HEALTH SERVICES heard in San Diego Superior Court and the
appellate court (the case began as Macy, but she died during the 4 year process, with the case

then becoming Coshow), which focused on the arsenic harm contributed by hydrofluosilicic acid.
FOURTH DISTRICT COURT OF APPEAL NO. D045382, San Diego County Superior Court Case No.
GINO015280

I served as a legal clerk, plaintiff representative, and selected and assisted the expert witnesses
for the attorneys (now Blumenthal and Nordrehaug) in this case, including creating the questions
posed to each of the State's witnesses.

The State of California chose Mr. Hazan, and he volunteered to present himself for deposition
(we could not have subpoenaed him as our witness, so this was a coup for us).

I have attached the Rough I sent Eloise. You might note that Hazan attempted to shape the
requirement of toxic data "if available", whereas our real focus was on the fact that the
manufacturers have not ever declared their specific product content and contamination by weight
or percentage, which is not absolved by anything.

What Eloise received from me was an informal email of the Rough Transcript (before the
witness has the 30 day period to correct for spelling or meaning). If a correction is not received
within 30 days the Rough Transcript becomes the final record of the deposition, but it also
includes the transcriber's oath of correctness and disclaimer, along with the appropriate
designation for court record. I do not have copies of the final records of all of the depositions
(which were taken on Hirzy, Mullenix, Limeback, Kennedy, Carton, Graham, Shames, Krook,
and the 5 expert witnesses of the State). :

Jeff Green
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UNEDITED ROUGH ASCII
BY MR. NORDREHAUG:

Q. Good afternoon, Mr. Hazan, I appreciate your
coming to the office for your deposition. I'm Kyle
Nordrehaug. Irepresent thé plaintiffs in this case.

And I just wanted to go over a couple ground rules with
you on how we do the deposition here so we can get
through it without -- without too many inconvenience or
time foday. First off, the court reporter east going to

be recording everything that's said here in a question

and answer format. She will transcribe it she'll put it

into a written format which she will supply to you.

You'll have the opportunity to review it and make any
corrections that you feel are necessary to make the
testimony true and correct. However, I do have the
ability to comment on any changes you might make if that
does occur. Your testimony here is as if it's supposed

to be as if you were in court. She's [SPWOERPB/] you
under oath and SOJ;;IC'I‘C looking for your --, you know,
your best testimony. IfI ask you a question and it's

not clear to you or there's or you don't know the

answer, please, you know, tell -- state that for the
record,. [We have|Weave] don't want any -- no [WHAOE/]

1
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want to make a clear record what is and what is not your
testimony and your opinions. Also, because she's typing
all this down, she needs us to speak in a verbal format
and to use Vern "yes" or "no" and not you humans or had
you us, things like that that can't be recorded
properly. I'm sure they've gone over other rules with
you. Your attorney will interpose objections duﬁng the
course of the deposition. Allow them to state the
objection for the record, and then you'll given an
answer. If he does not want you to answer a question
she will he'll instruct you not to answer so unless me
does, we're looking for your best testimony. So is that
all fairly clear to you?
A. Yes.
Q. Okay. IfI could just go over a little bit
about your background.
Could you state your name for the record.
Stan Hazan.

And with whom are you employed currently?

> O P

NSF Intem%tfional.

Q. How long have you been employed by NSF
Intemational?

A, Fifteen years.

Q. Okay. And what is your position there?

A. Currently I am the executive director for the



1 Center for Public Health Education --

2 Q. Okay.

3 A. -- which is the training and education arm of

4 NSF.

5 Q. Okay.

6 A. And what does the -- I'm sorry -- training and

7 information branch, did you say? “

8 A. Center for Public Health Education.

9 Q. What is their function generally at the

10 NSF Intemationai?

11 A. To provide training and education in standards,

12 testing, variety of food safety issues, and we're else
13 responsible for the conferences and seminars that NSF

14 puts on.

15 Q. Okay. And is that just with respect to water
16 additives or substances other than water additives?
17 A. Substances other than water additives as Weil.
18 Q. Okay.

19 A So-

20 Q. Butwater agfdiﬁves would fall within
21 that--

22 A. Correct.

23 Q. -- within your sphere of what you do at
24 NSF International? |

25 A. Yes.
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Q. Okay. IfI could ask you a little bit about
your background. First off, have -- have you talked to
any other experts in this case about this case?

A. TI'm sorry. Can you define who an expert --

Q. Yes.

MR. CRIBBS: Are you talking about designated
experts or --
MR. NORDREHAUG: Yeah, I think I'll put it both

ways. I tried to be --
BY MR. NORDREHAUG:

Q. Have you ever spoken to a Mr. Book about this
case?

A. Idon't know a Mr. Book.

Q. Have you ever spoken to a Mr. Nelson about this
case?

A. Mr. --

Q. Mr. David Nelson. David Nelson.

A. Idon't know a David Nelson.

Q. Have you ever spoken to Dave *Morrey about this
case? .2

A. No.

Q. Okay. Now, who at the Attorney General's
Office have you spoken to about this case?

A. Greg Cribbs and Karen *Freid.

Q. Okay. Have you reviewed any testimony that you

4
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of anybody that's been given in this case so far?

A. Yes.

Q. And whose testimony did you review?

A. The -- is it Peterson? The plant manager or
the --

Q. For the City of Escondido?

A. Correct. |

Q. Okay. Now, if I could ask you, what is your
educational background?

A. Thave a degree in chemistry and biochemistry
from the University of Toronto.

Q. Okay.

A. And an MBA from the University of Michigan.

Q. Prior to your employment at NSF International,
did you have any involvement with water additives?

A. Technically, no.

Q. So would it be fair to say that the relevant
eniployment experience you've had with respect to water
additives was at NSF International?

A. Yes.

Q. Okay. I want to ask you a little bit --
you've been designated as an expert in this case. And
if I could just ask you how you've been designated and
if I could -- it says here that Stanley bHazan will
testify regarding the scope of NSF an N. [SFPLT/] T.

5



1 standards 60 driﬁldng water chemicals health effects.
2 Is that something you are going to -- you

3 intend to give an opinion on in this case?

4 A. Yes.

) Q. Okay. And I’ﬂ get to the substance of your

6 opinions. |

7 A. Okay.

8 MR. CRIBBS: You're reading from the expert
9 designation?
10 MR. NORDREHAUG: Sure.

| 11 MR. CRIBBS: I'll put it in front of him.

12 BY MR. NORDREHAUG:

13 Q. It says you're also going to testify regarding
14 the NSF certification procedures.

15 Is that another matter you're going to give an
16 opinion on in this case?

17  A. Yes.

18 Q. And does that include also formulation review?
19 A I-

20 Q. You're not sure what that means?

21 A. Ican -- no.. The formulation review process I

22 will provide information on that.

23 Q. Okay.

24 A. Yes.

25 - Q. And it says here "product testing for

6
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standards 60 drinking water chemicals health effects.
Is that something you are going to -- you
intend to give an opinion on in this case?
A. Yes.
Q. Okay. And I'll get to the substance of your
opinions.
A. Okay.
MR. CRIBBS: You're reading from the expert
designation?
MR. NORDREHAUG: Sure.
MR. CRIBBS: I'll put it in front of him.
BY MR. NORDREHAUG:
Q. It says you're also going to testify regarding
the NSF certification procedures.
Is that another matter you're going to give an
opinion on in this case?
A. Yes.
Q. And does that include also formulation review?
A I--
Q. "You're not sure what that means?
A. Ican--no. The formulation review process I
will provide information on that.
Q. Okay.
A. Yes.
Q. And it says here "product testing for

6
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contaminants."
Is that something --
A. Yes.
Q. Okay. And the final toxicological review of
the results.
Is that another thing you intend to give an
opinion on in this case?
A. Yes. Except that that's not entirely my area
of expertise.

Q. Okay. What department at NSF is responsible
for the product testing for contaminants?

A. There are several departments.

Q. Okay.

A. The laboratories actually perform the chemical
testing. They are instructed to perform chemical
testing by the toxicology department.

Q. Okay. . )

A. And the noxmoowomvw mmwanEmﬁn reviews the
laboratory results and determines whether it meets the
requirements of the standard or not.

Q. Okay. So there's a toxicological department at
NSF International?

A. Yes.

Q. And i ,.. and the laboratories, are they also a

part of NSF International --
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A. Yes.

Q. --orare they oz,ﬁmog.omav

A. It's all contained within NSF.

Q. Okay. Is that located in Ann Arbor, Michigan?

A. Yes.

Q. Isee here you might have -- you have offices

in Sacramento, Washington, DC, and Brussels, Belgium.
Are there -- is there anything performed at

those offices with respect to product -- product testing

for contaminants; do you know?

A. No. The Sacramento laboratory was closed about
a year ago.

Q. Okay.

A. And all of that testing was moved to the Ann
Arbor laboratory.

Q. Okay. Is there anything that wasn't sort of
generally covered in that description that %oc. -- other
areas that you intend to give expertise on, other than
what we just talked about? Is that fairly well --

A. The -- you mentioned the product certification.
There's also the standards development process, which is
related, but it is a separate issue.

Q. Is that the standards 60 development?

A. Correct.

Q. Okay.

1
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A. Yes.

Q. Okay, then. IfI could ask you, have you ever
given expert testimony in a -- at a trial before?

A. Yes. But not while at NSF.

Q. Okay. And did that trial testimony involve
water additives?

A. No.

Q. Okay. Did it involve toxicology at all?

A. No.

Q. Have you ever been designated, and my first
question was testify at trial. My next question is,
have you ever testified at a deposition as an expert
like we're doing here today?

A, I'm mo.ndﬁ I need to correct that.

Q. Ah.

A. 1--Twas deposed in cases prior to my
employment. .

Q. Butdidn't go to ﬁmmhv

But didn't go to trial, correct.
Okay. How many cases were you deposed in?

Two.

°o.r o »

Two?
What did they involve?
A. One was determining the presence of hydraulic

fluid in an dirplane crash.
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Q. Okay.
A. And the other one was trying to determine
presence of caustic chemicals on a piece of clothing.
Q. Now, if I could, if we could just sort of go
into the substance of your opinions in this case. If
you could tell me what your opinions are regarding the
scope of the NSF Standard 60.
MR. CRIBBS: Objection. It's vague and calls
for a narrative. You want to narrow it down a little
bit, Kyle.
MR. NORDREHAUG: Yeah. I was just trying to go
along with what we're doing here.
BY MR. NORDREHAUG:

Q. Well, let's just talk about, what opinions do
you intend to offer with regards to the development
process of Standard 60?

A. Twas intending to answer any questions that
might arise from how this standard was developed.-
The -- that's essentially the information I can provide.

Q. Okay.

A. And alot of the background to how these
standards came about are contained in the foreward of
this document.

Q. SoTIhaven't had a chance to look at this yet,
but --

10
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A If %oﬂ_m. like, I can, you know, point out where
all that information -- .
Q. Well, I just wanted to ask, is %mﬁ. knowledge
of the Standard 60 development derived from this manual?
A. Yes. As well as active participation in the
development process --
Q. Okay.
A. --ofit.
Q. Okay. We'll get into that after I've had a
chance to look at those.

What opinions do you have with respect to the
testing of HFSA for contaminants? What opinions do you
have to offer with respect to the testing of FHSA for
contaminants?

MR. CRIBBS: Objection. Vague.

You can answer, mnmw.r if you understand the
question. o

THE WITNESS: ow@. 1--1 guess I'm not sure
on the opinions. There is a prescribed method in the
standard that tells any laboratory, including NSF, how
to prepare a sample, how to test it, and what to test it
for.

BY MR. NORDREHAUG:
Q. Okay.
A. And so it's have prescriptive.

11
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Q. Okay. Well, let's go into how that testing

occurs.
How does NSF go about performing product

testing for hydrofluosilicic acid?

A. NSF auditors will visit the production
facility or the repackaging facility and select samples
for testing. They are shipped back to NSF laboratories )
for the required analysis. And the'specific analyses
that are performed are prescribed by the standard and
the results are compared to the appropriate end points
in the standard.

Q. Okay. Now, that testing, is that performed on
every batch of r%&onc.mw_.b.omo acid produced by that
manufacturer or facility?

A. No.

Q. Isit performed approximately annually at that
facility?

A. Yes.

Q. Are those times prescribed or are they surprise
audits?

A. They are all unannounced audits.

Q. Unannounced audits. But on average, it would
be fair to say they're annual?

A. Yes.

Q. Are they done by facility or by manufacturer?

12
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A. It's done by facility that's listed.

Q. Okay. So if there's a manufacturer who had two
facilities, NSF would go to both, even if they were both
producing the same thing?

A. Yes.

Q. Now, is NSF International a government agency?

A. No, it's not.

Q. Isita public agency?
A. I guess I'm not sure what a public agency is.
Q. Well, we'll go the other way.
Is NSF International a private company?

A. NSF International is an independent, not for
profit, third party testing and certification
organization. It is a 501C-3 chartered in the State of
Michigan.

Q. Okay. Soit's a - would it be fair to call it
a private not for profit grganization? )

A, Private, not for @.nw,mﬁ would be correct.

Q. Now, does it have any regulatory authority over
any state or public entity?

A. It has no regulatory authorities.

Q. Would it be fair -- well, let me go back.

Does it have any regulatory authority over any
water districts?

A. No.

13
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Q. Is there any law of which you are aware that
requires NSF Standard 60 to be used by municipalities?

A. Yes.

Q. Which law is that?

A. They are typically state laws that -- and it
can also occur at the county or city level as well
whereas specified that a product being used in the
public water supply must be certified by an independent
agency --

Q. Okay.

-- such as NSF.

Are there other agencies that do what NSF does?

> o »

Yes.

And what agencies are those?

» o

I know of UL, Underwriters Laboratories -~

©

Okay.

A. --is another independent not for profit third
party testing and certification body. And I don't know
offhand if there are others. There might be. But they
would not be significant.

Q. Okay. And I have see seen ANSI. What does
ANSI stand for?

A. It stands for the American National Standards
Institute. And --

Q. Okay.

14
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A. And it is the formal national body mu.mﬁ
oversees the development of >E¢n.nwh. National
Standards.

Q. Okay. Is NSF International part of ANSI?

A. No.

Q. You don't work -- do you work for ANSI in any
capacity?

A. No.

Q. Are you aware of any -- are you aware of any
law promulgated by the EPA which requires the adherence
to or the use only of Standard 60 approved drink water
additives?

MR. CRIBBS: Iwould just object that it may be
outside the scope of expertise.

THE WITNESS: Yeah, maybe if you could rephrase
the question.

BY MR. NORDREHAUG: .

Q. Okay. Well, we n.m,ESm about the -- the laws of
which you were aware of that exist the states which
require ---which require municipalities to use additives
certified by Standard 60. Or under Standard 60.

And my question is, are you aware of any EPA
laws which require across the United States the use only
of Standard 60 certified substances?

A 1-

15
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MR. CRIBBS: Same --
THE WITNESS: I guess I'm not aware of any.
BY MR. NORDREHAUG:

Q. Okay. Are there -- are you aware of states
that do not use Standard 60 as their base for
regulations on water additives?

A. Idon't know, but one of the documents that you
were handed -- :

Q. Okay.

A. --just now is a state survey. There are --
that document you just passed --

Q. Okay.

A. --ifyou open that up, that there's an annual
survey conducted by the Association of State Drinking
Water Administrators.

Q. Okay.

A. ASDWA. And that specifies that organizations
interested in providing that information, and so in that
chart, you'll find a listing of the states and whether
they -- whether they require Standard 60 certification.

Q. I'm going to mark these then as Exhibit no. 1,
and I guess these are documents that you've produced in
response to the deposition notice for your deposition
here today?

A. Yes.
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Q. Okay. I'l mark this first one as Exhibit
no. 1, which you just referred to. It is a letter or
memo dated April 10th, 2003.

The second one here is a letter to the
Honorable Ken Calvert dated July 7th, 2000. I'll mark
that as Exhibit no. 2.

And I guess I'll just ask you, did you write
this letter?

A. Yes.
Q. Why did you write this letter to Mr. Calvert?
A. Iwas--we were - NSF was nmncmwﬁmm to
respond to, I think, a Congressional inquiry.
Q. Okay. Did you respond truthfully in that
letter?
A. Yes.
Q. Is everything in there you said still true, to
your knowledge? o )
A. Yes. ..
Q. Next thing I'm going to mark is Exhibit no. 3,
it's a document entitled "Sodium Silicates MAL Report."

And I guess [ would ask you, what is this

document, if you could tell me briefly.
A. It's an internal NSF document that employs
toxicological support for human exposure to silicates.
Q. Okay. But this -- this document does not
17
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discuss toxicological data with respect to
*fluorosilicates, does it?

A. No, it is not specific to flouride-containing
compounds. It's silicates only.

Q. Is there a document like this at the NSF which
discusses only fluorosilicates?

A. Not that I know of.

Q. Okay.

A. There may be.
Q. Well, only what you know of,

A. Okay.

Q. This next one I will lodge as Exhibit no. 4,
and this is a portion of the Federal Register.

Did you obtain this copy? Is this something
that you obtained?

A. Yes.

Q. And how do you rely on this document for
purposes of your opinion?

A. This document dated 1984 is the EPA's request
for proposals to develop standards and certification
programs to replace its advisory program and it provides
a lot of background.

Q. It's true, though, that today the EPA does not
regulate water additives; is that correct?

A. Yes.
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Q. Next thing I'm going to lodge here is as
Exhibit no. m is a portion of the Federal Register,

July 7, 1988.. And I'll mark this as Exhibit no. 5.
I guess I would ask you, in what sense do you
rely on this document for purposes of your opinion?

A. That docunient was the announcement of -- by the
EPA that it was terminating its advisory program on .
drinking water additives because the NSF standards had
been mms&o@,on and that a credible certification program
was in place.

Q. Okay. If you know, do you know what the basis
is for certain states that do not use Standard 60?

A. Idonot.

Q. Okay. Are you aware of any action NSF has ever
taken to encourage or force those states to use
Standard 60?

MR. CRIBBS: Vague as to "action.” N
You can answer, m.ﬁg. if you know.
THE WITNESS: Pardon me.
MR. CRIBBS: It's okay. You can answer.
THE WITNESS: Okay.
Can you repeat the question.
MR. NORDREHAUG: She can repeat it for us.
(Record read.)
THE WITNESS: Yes.
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BY MR. NORDREHAUG:

Q. And what type of actions are those that you're
aware of?

A. We have distributed model language to the
states, to the state drinking water administrators, to
facilitate their writing of laws or requirements.

Q. Is that because NFS -- NSF -- sorry -- wants
these states to adopt their Standatd 60?

A. Yes.

Q. Has there ever been any occasion that you're
aware in which a state that now uses Standard 60 was
forced to do so by the NSF?

A. No. We have no leverage over any state, state
regulatory agency. ,

Q. Okay. Are you aware of states that did not
rely on Standard 60 which received some sort of lobbying
from NSF and now do use Standard 60?

MR. CRIBBS: Object to the term "lobbying" as
vague; may be out of his scope or area of expertise.

But you can answer, if you know.

THE WITNESS: I'm sorry. Can you repeat the
question. Sorry.

THE WITNESS: I want to make sure I get this
right.

MR. NORDREHAUG: That's what we're here for.
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THE WITNESS: Yes. ButI couldn't be specific.
We have sent letters to all of the state drink water
administrators looking for their support on the adoption
of Standard 60 and primarily because they were principal
stake holders in the development of the standard.
You'll see that the association of state drinking water
administrators is one of the defaulters of the standard
and they have also collectively agreed that it is in the
best interests to have a standardized national
requirement.
BY MR. NORDREHAUG:

Q. Okay.

A. And it's my understanding that the reason that
all states don't have the requirements in place is
probably more resource oriented than any technical
objection to the standard.

Q. Okay. What kind of contaminants has NSF found
in hydrofluosilicic acid? -

A. We have -- we have found what are termed
regulated metals. Those are metals or inorganic
compounds that -- I believe there are 12 of them. And
at varying levels.

Q. At some point, though, there's been a test
positive for all of them, or were there any that you
test for that you never --
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A. There may be some that we've never detected
above the detection limits.

Q. Okay. But for the most part, you will detect
some contaminant level sooner or later.

Q. Okay. But it varies between samples; is that
true?

A. Yes.

Q. Are you aware of whether of not NSF has m,b%
specific duty of care to consumers under Standard 60?

A. I'm not sure I understand the question.

Q. Iguess under the terms of Standard 60 itself,
does NSF have any specific duty or obligation with
respect to consumers?

A. Iwould answer that by saying we have an
obligation to every stakeholder, including consumers,
that the testing and evaluation of products be done
absolutely correctly and per the specific requirement of
the standard.

Q. So would it be fair so thatI -- that if
Standard 60 was not followed with respect to a
particular substance, that would be a breach of that
allegation to the stakeholders, I think you referred to
them?

A. Uh-huh. Yeah. If we didn't follow specific
requirement under the standard, then -- then that would
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be a breach.

Q. Okay. I want to -- I'm trying to pin down,
Standard 60 needs to be rigidly adhered to. Is thata
fair statement? . .

A. There is room for interpretation within the
standard.

Q. Such as, can you give me an example?

A. With regard to the development of Sﬁoo_oﬁc&
end .ﬁcmbnm where compounds are not regulated by the EPA.

Q. Okay. So would that be substances that don't
have particular MCL NSF establishes?

A. Correct.

Q. Toxic points for those. I think I've seen that
in the case of silicate. Is that an example?

A. Correct. That would be an item that is not
specifically regulated by the EPA, but there is a
procedure in appendix.A of Standard 60 that permits the
development of tox end m&ﬁnm where none exists.

Q. Okay. Has that toxic establishment of the
toxic end point been done for the compound of
fluosilicic acid?

A. Yes. And through the development of end points
or the referencing of end points with -- with respect to
the products that actually end up in the drinking water.

Q. It's based on the components of the compound,
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right?

A. Correct.

Q. Not on the compound itself?

A. Yes.

Q. And that's because it's based upon the belief
that it's entirely soluble when put in water?

A. The -- the dissociation of the chemical in
water and the ingestion of that water into a very acidic
stomach would guarantee dissociation and Ww a result
would -- we would be exposed to the individual
components which are regulated.

Q. Have you performed any -- this might mean --
personally. Have you personally performed any studies,
laboratory studies which show come establish the
dissociative products of HFSA?

A. No. Not that I know of.

Q. Are you aware of NSF having performed any
laboratory studies of the dissociative products of HFSA?

A. No. Not that I know of.

Q. Are you aware of any study, other than the
Crosby study, which establishes the dissociative
properties of HFSA?

A. None.

Q. Are you aware of studies which show that as
high as one third of the HFSA does not dissociate in
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water?

A. Iam not aware of that.

Q. Ifyou were made aware of those, would that be
a concern in the development of end points relating to
HFSA?

A. Rephrase the question, please.

Q. If you were made aware or if the NSF was made
aware of scientific literature which establishes that
HFSA does not totally dissociate in. water, would that be
a concern in the establishment of end points for HFSA?

A. That -- any scientific data that is produced
along those lines would be certainly looked at to
determine whether NSF needs to revise its approach to
this.

Q. Okay. Because if it were shown that it did not
totally dissociate, we would need to have an end points
for the compound itself; isn't that correct? N

A. That would be ao—.,naoﬁ

Q. Okay. Does -- under Standard 60, does NSF

International have any requirement to inform consumers?

A. There is nothing in the standard or the
certification program that requires us to inform
consumers.

Q. Okay. Are there any sort of -- is there any
sort of requirement Standard 60 or at NSF generally
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which requires public notice of reviews of water
additives?

A. No. Unless, for whatever reason, there is a -~
a product failure and that product enters the
marketplace and is noncompliant with the standard and
the only way to advise the users is through a public
notice.

Q. Okay. Now, if a -- if a facility received NSF
certification for its hydrofluosilicic acid compound and
six months later it turned out that the content sm.w far
in excess of NSF certification standards, would that
product still be NSF certified until the next audit?

A. No. There is a procedure in place to retest’
products to verify the results, and if the confirmation
is there, then there would be a -- there is a process
that exists that addresses that.

Q. What's that process?

A. T'm not entirely sure what that process is.

But it can involve recalling product all the way to
public notice, depending upon the -- the nature of
the -- the product failure.

Q. Itis possible, however, for NSF not to know
of a product failure until its next annual audit; isn't
that correct?

MR. CRIBBS: Iwould just interpose an
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objection. It may be out of his area of expertise. He
testified he's not sure what that process is.

MR. NORDREHAUG: Okay.

MR. CRIBBS: So to ask him that question, I
think, is not appropriate for his designated
specification.

THE WITNESS: Maybe it would help if I describe
the process, which is that we sample products during the
unannounced audit and those wﬂmﬁ_ﬂm are Quwomzw turned

around in Jess than a month, and we would act on that
information immediately. So there would not be any
period of time during which we knew after product
failure and we were either just going to wait a minute
until the next annual audit.
BY MR. NORDREHAUG:

Q. Iunderstand that.

My question is more, is it -- isn't it possible

that NSF would not be m.w<mno of a product failure for up
to a year?

MR. CRIBBS: Same objection.

You can answer it, if you understand what he's
asking.

THE WITNESS: Technically, a product that went
out of spec could for some time until it was sampled and
tested again be out of compliance.
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BY MR. NORDREHAUG:

Q. Okay. Are you aware of circumstances in which
the certification of a specific facility was revoked by
NSF International with respect to HFSA?

A. I'm not aware of -- of any.

Q. Okay. Are you aware of where HFSA comes from?

A. Yes.

Q. What type of industry products result in the
HFSA that's being certified by NSF?

A. My understanding is that it is a phosphate rock
by product.

Q. Is that -- does that occur a:mbm the mining of
or creation of fertilizer. I'm looking for the industry
it's associated with, I guess. The phosphate rock
industry.

A. Yeah. I believe that phosphate rock ends up
not only -- it can end up in the fertilizer industry.

It can also end up in the phosphate industry.

Q. Okay. And are sometimes those two the same
thing?

A. 1think sometimes they are.

Q. Are you aware of how HFSA would need to be
disposed of if it could not receive NSF certification?

A. 1don't have any knowledge on that.

Q. Does the general public have any role in the
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approval process for -- by *NSA for a particular water
additive?

A. The standards are always open for public
comment.

Q. So public comments except for NSF critique of
its Standard 60?

A. Yes, it's always open.

Q. Does NSF maintain a file of those critiques
or comments?

A. Ibelieve those -- those comments are
maintained in the NSF standards department.

Q. Okay. And how would those -- how are those
comments addressed? Do you have any knowledge as to
that?

A. It's a little out of my area. However, the --
there is a joint committee --

Q. Okay. o e )

A. -- that oversees mwm technical development of
the standard. And that committee meets approximately
once per year to review any potential changes to the
standard.

Q. Okay.

A. And as part that review process are -- there
are -- any public comments that are received would be
considered during that process.
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Q. Does Standard 60, does it provide -- I'll get
back to that.

Under Standard 60 or another NSF standard, does
NSF establish a limitation on oo,ng.bm.Ew contained in
any one product added to the water?

A. Ididn't understand the question. Sorry.

Q. Okay. Under Standard 60, does NSF establish a
particular limitation for contaminants contained in any
one product that's add to the water?

A. I'm not sure I understand your question.

Q. Okay. Well, I guess maybe you referred to them
as maybe -- you might have referred to them as end
points?

A. Unregulated contaminants.

Q. Maybe I've got the *terminology wrong.

A. When NSF goes to take a sample and it tests
that sample, does it establish limitations on what
contaminants can be contained in that sample for that
product that's going to go in the water?

A. 1guess I'd rather not answer the question
unless I understand it.

Q. No, I understand. I can rephrase it.

A. Yeah.

Q. Iknow what I'm asking. Ijust have to ask
around it. Okay.
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1 guess I've seen -- I've seen the use of

10 percent as a percentage of the US EPA MCL.

A. Yes. .

Q. Is that some sort of limitation on the type --
on the amount of contaminant that can be present in a
product that's going to be added to the water?

A. The 10 percent is -- we are typically talking
about 10 percent of the MCL --

Q. Okay.

A. -- which is the regulated level in the finished
drinking water. We typically under the MAL or what is
now termed the SPAC, which is the single product
allowable contaminant -- concentration, that any one
product can only contribute up to 10 percent of the MCL,
And that is done as a safety factor because other direct
additives might also contribute that same contaminant.

Q. So if you had 10,additives and they all give
you over 10 percent, Emr, suddenly you're over
100 percent?

A. Correct. So it is a safety factor that's built
in where the other sources into the drinking water might
not be known or'there might be multiple chemicals being
used.

Q. Okay. How come NSF International didn't use
public health goals instead of MCLs as their base for
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A. T'm not sure I understand what public health
goals.

Q. I'm sorry. Iused a state word. Maximum
contaminant level goals. How come those were not used
instead of maximum contaminant levels?

A. The standard requires comparison against the
MCLs. N

Q. My question is is, why wasn't a more protective
requirement, which would be based on the US EPA MCL
goals -- how come that wasn't used instead of -- instead
of the MCL?

A. 1guess that would go back to the joint
committee that developed the standards feeling that it
was .Bomn appropriate and protective of the public health
that one-tenth of the MCL be used.

Q. You mean using one-tenth of the MCL is more
protective than the using one-tenth of the MCL goal?

A. No.

Q. It would be more protective to use one-tenth of
the MCL goal, wouldn't it, in most cases?

A. In most cases, the MCL goal is less than the
MCL.

Q. And do you know why that is?

A. I believe it's because the MCL goal is an ideal
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and not necessarily achievable number whereas the MCL
incorporates when the EPA establishes the MCL, it
incorporates other practical and practical issues.

Q. Such as feasibility of removal?

A. Idon't know all of what they consider because
I've never participated in that process.

Q. Okay. But you don't know -- do you know the
particular reason why the joint committee used the
EPA's MCL instead of the US EPA &Or goal?

MR. CRIBBS: Kyle, I think we're clearly out of
his designated scope here.

MR. NORDREHAUG: As long as he doesn't tell me
he doesn't have any knowledge why -- he's going to talk
about why is standard 60 is promulgated and that seems
like the core issue here.

MR. CRIBBS: Not what your last question is.

If he knows. N

@ -

THE WITNESS: OoﬁE you rephrase the question.

BY MR. NORDREHAUG:
Q. My question is, you said that the use of the

MCL for the 10 percent requirement was set forth in the
Standard 60 by the joint committee. And I'm wondering,
have you seen anywhere, were you present at any time, or
have you read anything that indicates why the US EPA MCL
was *represented and not the US EPA MCLG or MCL goal? .
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A. No, not specifically.
Q. Is the percentage that we talked -- the
10 percent that we just talked about always based on
percentage, or I guess I should say, do you have another
name for that 10 percent? I keep referring to as
10 percent. Did you call it an MAL or a single product?
A. Single product allowable concentration. .
Q. Let me write that down so I use the right word.
A. All those terms are in the glossary in the
front of the standard.

Q. Okay. Now, with respect to the single product
contaminant rule, do you -- is that always based on a
percentage of the US EPA MCL?

A. For the regulated contaminants, it is almost
always 10 percent. There may be occasions where it is
different than the 10 percent.

Q. Why is that?

A. Ifit can be shown that there are few or no
other sources of that same contaminant, then the
reviewers would be able to use or be able to justify a
slightly higher exposure than 10 percent with the
mﬂmanmg&nm that the at the tap exposure would not
exceed the MCL.

Q. What is the purpose of a lower standard for the
single product contaminant? What's the purpose of
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lowering that below or above -- to a point where it's
above 10 percent of the MCL?

A. Where it would not be practical or efficacious
to use a concentration of the product if the contaminant
level were maintained at 10 percent.

Q. Okay. Which contaminants has NSF established a
lower level than the 10 percent MCL?

A. There may be several that I don't specifically
know about. But in the case of flouride with an MCL of
four, 10 percent would mean .4. Where -- but that is
one of the exceptions where 1.2 milligram per litre is
the -- is the SPAC, is the single product allowable
concentration.

Q.” So with respect to HFSA, the only substance
which you're familiar -- of which you are aware that the
SPAC was set lower is flouride? I say "lower.” I
guess, higher? on

A. Higher. Yes. ,
That is the only contaminant that would -~
would have been set higher.
Q. Does NSF Standard 60 provide for any incidents
where the restrict -- where the SPAC can exceed
10 percent of the US EPA MCL?
MR. GREEN: You just mww.oa that one before.
MR. NORDREHAUG: I thoughtIdid. That's why I
35
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was looking at myself quizically.
BY MR. NORDREHAUG:

Q. Who at NSF International determines whether
exposures to other sources of a contaminant are not
significant or significantly wwm:oom so that additional
exposure above the 10 percent is appropriate for a SPAC?

A. The toxicology department at NSF makes all of
those decisions. k

Q. Do you know -- do you have any knowledge as to
what they consider or what they did in the case of

fluoride?
A. They -- as far as I know, they didn't deviate
from EPA prescribed end points, meaning the MCLs for the
regulated metals and the 1.2 for the flouride.

Q. Okay. I guessin -- and do you know, in
creating that -- that SPAC level for flouride, do you
know whether they did so in part because the possibility
of exposure to flouride from other sources is not
significant or fairly minimal, something like that?

MR. CRIBBS: I think that might call for
speculation, and it's out of the area of his expertise.

If you have an answer, you can answer it.

THE WITNESS: Yes, I don't know whether -- let
me rephrase that. I don't have any knowledge of how the
1.2 specifically came about.
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BY MR. NORDREHAUG:

Q. Was that one of the considerations of which you
are aware of, though?

A. As I mentioned earlier, that would be one of
the considerations in deviating from the 10 percent for
any chemical.

Q. Do .%oc know whether -- I guess I'm referring to
Exhibit no. 2, which is your letter to Congress. And it
says here on page 6, which I will hand to you and show
you _..rm -- if T could point -- direct you to this

paragraph right here. And I guess that's my question:
In regards to flouride, was it a consideration that -

was it documented that a limited number of sources of
the contaminant occurred in drinking water with respect
to flouride, or fluoride-bearing additives, I should

say?

A. T'm looking at page D-7 --

Q. Okay. )

A. --of Standard 60. And itis a -- established
there that the MCL for fluoride is four milligram per
litre and that the single product allowable
concentration is 1.2 milligram per litre.

Does that answer the question?

Q. Well, I guess my question is, more

specifically, I'm very curious about the statement to
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Congress where it says that when they asked about
fluorine-bearing additives, it was written that it
would -- NSF only deviates from the one-tenth of the MCL
rule when the product can be documented that a limited
number of sources of the contaminant occur in the
drinking water. And I want to know if that was done
with respect to flouride. Was that documented?

A. 1can't recall whether the 1.2 or 30 percent as
opposed to 10 percent came about as a result of NSF
deriving that number or whether that had already been
derived by EPA and how it made its way into the
standard.

Q. Okay. I'm just looking for the source of that
statement right there. When it -- unless it can be
documented that a limited number of sources in the
contaminant occur in the drinking water, I mean, was —
to .vé_:. knowledge, was that documented with respect to
flouride?

A. Idon't know.

Q. Okay. In this letter, you indicated that
you -- that NSF has begun testing for radionuclides, and
this letter is dated 2000.

Have you guys found any since then in HFSA?

A. Not that I'm-aware of.

Q. Allright. Would you be aware as part of your
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duties if a substance had turned up even a trace amount
of that radionuclide.
A. T guess one thing I should clarify is that my
current position no longer involves oversight --
Q. Okay.
A. --in the drinking water additives area.
Q. Okay.
A. However, it is my understanding that we have
Bo,ﬁ found any radionuclides in the HFS products that we
have tested.
Q. How specifically does the manufacturer get on
the NSF list? Is that what this --
A. In order for a manufacturer to have their
facility and specific product listed in the NSF listing
book or online web listings, they need to apply for
product certification. NSF needs to review that
application. We need tg visit the production facility.
We confirm the mmmm.mm that are provided to us
in the application form. We sample product. We bring
it back to the laboratories. We conduct the testing.
The results are reviewed by the toxicology
department, who then issues a decision on whether to
omu..m@ or no,n certify. The -- if the -- if the
decision is to certify, the manufacturer receives a
certification’ contract that -- in which they spell out
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that they agree to the terms of the certification and
that they will not make changes without notifying NSF in
advance, and that product is then entered into the
listings database.
This book is published approximately once per
year. The online lists are updated on pretty much a
daily basis.
And then they go into the maintenance program
where they are inspected annually unannounced. I will
add that the companies that we certify under
fluoridation chemicals -- in all of the chemical
categories, there are producers and then there are
re-packagers and blenders and the like.

So a -- a manufacturer's product may actually
be tested more than once per year because we may visit
the production facility and take samples there, but at
the same time, we will go to a repackager's facility or
a distributor’s facility and sample product there as
well. So the same product might be tested more than
once per year.

Q. Okay. Now, does -- does it ever occur that NSF
has the producer provide a sample instead of NSF
physically going there and taking a sample?

A. I--Tdon't know, butl--1I--ifit -~ if it
does happen, it's on a rare occasion.
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Q. Does NSF Standard 60 require that a mining
operation send in one sample per year of the substance
for which they appear as a manufacturer on the approved
list?

A. The standard does not specify testing
frequency.

Q. Okay.

A. The NSF certification policies require nomﬁnm
frequency.

Q. Okay.

A. The standard is simply for the product.
Whether it's sampled daily or once every 10 years, it
makes no difference.

Q. Are all the manufacturers on the NSF list of
approved manufacturers for HFSA, have they submitted --
have they all submitted their annual representative

sample or provided thejr sample this year in compliance

e

with Standard 60?

A. My -- my understanding is n.ﬁm..m for the last
complete year thdt every manufacturer would have been
inspected and a sample taken.

Q. Have you heard about anybody being recently in
default of that obligation?

A. Ihave not. ButI'm notin the day-to-day
operation of that program.
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Q. Iunderstand.

Under Standard 60, what is the meaning of the
term "maximum use level"?

A. For the finished product as it is received or
shipped, the maximum amount of product that that
certification is good for.

Q. Who establishes this maximum use level?

A. Itis specified on the applicafion form that
the -- national manufacturer completes.

Q. Okay. And how is the maximum use level
determined?

A. The standard -- the -- let me rephrase. The
product in general can be added to a level in which none
of the contaminants or the specific ingredients exceed
the levels indicated in the NSF Standard 60.

Q. Okay. Is it fair to stay that the maximum use
level is established at different levels for different
substances depending on how -- the substance makeup
itself?

A. Are you talking about, let's say HFS across
all manufacturers?

Q. Yeah. IguessI--Iguess the makeup of the
various HFSAs varies. Does that affect the maximum use
level?

A. Yes, it can. You can end up with a variation
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depending upon how much water content there is within an

additive.
Q. Okay. Do you know what the maximum use level
is for a 23 percent solution of HFSA?
A. It will range in the six to six and a half part
per million.
Q. Do you know what the maximum use level is for
sodium silicate flouride?
A. The maximum use level for sodium silicate
flouride? Idon't ofthand.
Q. Okay.
A. Butit's -- I think it's listed in this book.
Q. Okay. Would that be true for sodium flouride
as well? Do you know offhand the maximum use level?
A. Idon't know.
Q. Okay.
A. Butitis-- again,either looking at the
standard or the listing c.o,mw. we could find out.
Q. Okay. Fair enough.

Do you know whether -- if HFSA had an identical
contamination percentage as silicate flouride or sodium
flouride? Will the maximum use level for fluosilicic
acid, or hydrofluosilicic acid, result in a higher
ultimate contamination level than --

A. You lost me.
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Q. Well, I guess, here's my question. You have --
you have use levels and they're designed to achieve
particular concentrations and an end result in the
water. And sodium fluoride's maximum use level is not
the same as HFSA's.

Assuming they both had the same contaminants
and you used each appropriately, which one WO’l:lld result

in an ultimately higher contamination rate in the water

. itself? If they had the same -- if sodium fluoride and

HFSA each had the same contaminant percentage for
arsenic and then both were -- one was used in one set
of, you know, one water supply, and the other one was
used in the other water supply, all things being equal,
do you know whether the arsenic contamination level
would vary between the two in the end result product?

MR. CRIBBS: Objection. It's vague and
ambiguous; it's an improper hypothetical.

If you understand the question and you have an
answer, you can answer it.

THE WITNE§§: Ican --1don't kno;;v what the
maximum use levél is for sodium fluoride. In fact, I --
I'm not even -- I don't know if there is a listing here
for sodium fluoride. !But I may be able to give you have
an answer for that.

I do have reading glasses here somewhere that

44



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

are going to help me.

These are listed alphabetically so -- this is
the index. There are three manufacturers listed for
sodium fluoride. Page 332. And sodium flouride has a

maximum use level of 2.3 for one company. Page 374. A

second manufacturer has a maximum use level of 2.3. And

a third has sodium flouride at 2.3. So all three
manufacturers listed have a maximum use level at 2.3.
BY MR. NORDREHAUG:

Q. Okay.

A'. Your question was with the same contaminant
concentration is in each product.

Q. And the flouride level you're achieving at the
end result is the same, which one results in a higher
delivery of arsenic? |

A. The - if I could, the fluosilicic or
hydroftuosilicic acid is listed in the six range.

I guess I'm not sure because you do have to add more of
the sodium flouride in order to achieve the same
flouride concentra’(/:i,;on.

Q. Isthat Whét the two means, the two means you
add more?

A. The 2.3 means that your -- and I think that's
where the difference lies, is that the sodium flouride
is a dry compound, whereas the hydrofluosilicic acid
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1 contains 75 percent water.

2 Q. Isee.

3 A. And so you -- I guess if you made two solutions

4  of 25 percent flouride, either sodium flouride or HFSA,

5 in that case, if tﬁat‘s what we're talking about, then

6 the sodium flouride would contribute more contaminant.

7 Q. Okay.

8 - A. Does that answer the question?
9 Q. Yeah.
10 I guess I need -- what -- the 2.3, what is the,

11 I guess, the suffix to that? Milligrams per --

12 A. Litre.

13 Q. Per litre?

14 A. Correct.

15 Q. Okay. And is that reference to the dry

16 substance?

17 A. 1Ibelieve that it is. I think the sodium

18 flouride, the sodium would indicate that it is a dry
19 compound.

20 Q. Okay. s

21 A. The sodiuxﬁ *fluosilicic acid.

22 Q. No other silicate?

23 A. Fluoro silicate', yes, that would be a dry

24 compound. So if you were comparing those two --
25 Q. Right.
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A. -- the sodium fluoro silicate would -- actually
contributes more fluorine equivalent than does sodium
fluoride on a weight basis. I think.

Q. What percentage of sodium flouride is flouride?

A. You would take the atomic weight of f.he
fluorine atom and divide it by the atomic weight of the
sodium and the fluorine atom multiplied by 100ﬂpercent.

Q. Does NSF Standard 60 require municipalities to
notify NSF of any incidents for which the maximum use

level of HFSA is exceed?

A. We have no requirement along those lines that I
know of.

Q. Does NSF Standard 60 or another NSF regulation
provide for any enforcement of compliance with respect
to the maximum use level?

A. Not that I know of.

Q. Are you aware of any governmental enforcement
procedures.that are applied to the maximum use level or
used to enforce it?

A. My understgpding is that state regulations
that specify that certified products only be used also
covers or it implies that they be used properly.

Q. Okay. Are you aware of incidences in which
consumers of drinking water have become ill or
hospitalized or as a result of overfeeds from
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fluoridation chemicals?

A. Idon't have any knowledge of that.

Q. Let me ask you a question about this document
right here. Exhibit no. 2. And I'm looking up here at
the question no. 2 regarding NSF standard requirement
3.2.1. |

Is this still a, you know, requirement of N SF
Standard 60? 3.2.17

A. My unde/:rstanding is that when we are dealing

with products that are not on established lists with
established toxicology end points, that this additional
information is required.
Q. Okay. So 3.2.1 has not been applied in the
case of HFSA? Are you aware?

A. I'm rereading the question. I want to see if
the reference is still current. Because that's a 1999
standard. 342. The current requirements, genefal
requirements of the 3.2, which is 3.2.1 specifically,
manufacturer shall submit at a minimum the following
information for each product, a proposed maximum use
level for the product which consistent with requirements
of an exhibit *[SFPLT/]. A complete formulation
information which includes the composition of the
formulation. The reaction mixture and that's if
applicable. Chemical abstract number, chemical name
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supplier for each chemical present in the formulation.
A list of known or suspected impurities within the
treatment cﬁemical formulation and the maximum percent
or parts by weight of éach impurity. Description or
classification of the process in which the treatment
chemical is manufactured, handled and packaged. And
then there are a couple more selected *spectra a;ld then
when available list published and under published tox
studies relevant to the treatment, et cetera.

Okay. I'm sorry. Ijust needed to refresﬁ
what --

Q. Sure.

A. -- that was.

Q. - My question was, SO -- What I was following up
on your other statement, so was that requirement not
followed with respect to HFSA?

A. My answer at the time in 2000 was that the
standard requires the manufacturer of a product
submitted for certification provide toxicological
information, if avajlable. NSF requires that
manufacturers seek certification to the standard submit
this information as part of their formulation or
ingredient supplier submission. And in general, that's
true. But there are many -- there are many compounds
where -- rephrase your question.
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1 Q. My question is, you mentioned certain

2 circumstances where under certain circumstances that was
3 not necessary. You *have said established

4 manufacturers, I think, established products or -- and
5 so my question is, is HFSA one of those products?

6 A. HFSA is one of the products listed in the

7 standard that has designated contaminants to be tested
8 for.

9 Q. Okay. But does it have -- prior to approving a

10 manufacturer, does NSF require the manufacturer to
11 provide a list of published and unpublished

12 toxicological studies relevant to HFSA and the chemical
13 * impurities present in HFSA?

IMVA. I would say that the HFSA submissions have not
15 come with the tox studies referenced.
16 Q. Okay.

17 A. However, that is -- since that is not my

18 department, I probably should defer that to the people
19 in that department.

20 Q. Okay. P

21 MR. NORDREHAUG: Let me take a quick break
22 here. I need to sort of square up what remaining areas
23 I want to cover and we can get -- take a ten-minute

24 break and I can check on the air conditioner.

25 (Recess taken.)
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MR. NORDREHAUG: All right. If we can go back
on the record.
BY MR. NORDREHAUG:
Q. Ijust wanted to ask you a little bit of
béckground that I missed before.
When were you first retained to give your
opinion in this case? “
A. Tdon't know exactly. It was, I believe, last
fall. But --
Q. Okay. And what were you asked -- what were you
asked to do? Were you given any assignment or --
A. TI--1don'trecall there was an assignment
other than we were probably going to be asked to t¢stify
in this case.
Q. Okay. What were you told you were going to
testify regarding?
A. The development of our standards process and
the process for certifying drinking water chemicals.
Q. Okay. Now, in terms of -- other than the
| fluoridation substances we've talked about, are there
any other chemicals that NSF certifies that are intended
to be used to treat humans? Medically, I should say.
As medical treatment of humans.
MR. CRIBBS: I would object as to the relevance

of the question.
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But you can answer.
THE WITNESS: I don't know of -- I don't know.
BY MR. NORDREHAUG:
Q. Now, does Standard 60 apply to substances that
are being used to treat the -- to disinfect the water
the same as it does to substances that are being used to
treat dental caries?

A. I'm sorry. Repeat the question.

Q. Does -- is Standard 60 applied -- are the
requirement of the Standard 60 the same regardless of
whether the water additive is for disinfective purposes
or for purposes of treating dental caries?

A. The -- I think all of the certification
processes differ just a little bit depending upon the
chemical compound in question.

Q. Okay.

A. They each have -- there are five or six main
categories of products. There are probably upward of 15
to 20 different prep- -- sample preparation. And there
are a multitude of different analytical methods used for
the various contaminants.

And does that answer the question?

Q. Itdoes.

Are there any additional requirements or .
studies that are performed with respect to a chemical

52

o 0 N o u b

11
12
13
14
15
16
17
18
19
20
21
22
23
2

25

that's being used to treat a -- dental health issues in
humans as opposed to disinfecting the water. That's
what I'm looking for. Anything you know of that's done
extra because of that reason.

A. The -- 1 don't know of any additional testing
that we perform.

Q. Does NSF International do any testing to
establish the efficacy of the flouride-bearing compound
for purposes of treating dental health or dental caries?

A. Not that I know of.

Q. Do you know -- is this -~ I'm going to mark
this as Exhibit no. 6. And I just wanted to ask you if
this is a copy of your resume.

A. Yes, I believe that it is.

Q. Is there anything relevant to this litigation
that's not on there? If you want to take a minute and
look at it to see if Emnmww,gébw you've added-to #
recently. -

A. No. This looks pretty much like our CV on file.

Q. All right. Who did you talk mo when you were
first retained in this case?

A. I Dbelieve the first contact was by Karen Freid.

Q. Okay. And how many times have you talked to
the attorneys from the AG's office?

A. Idon't know. Half a dozen times.
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Q. Have you been asked to formulate any rebuttal
to any of the experts -- other experts in this case that
represent the plaintiffs?

A. We -- we were shown a -- we were provided with
copies of the motion for summary judgment and a rebuttal
to that where there were some specific issues that dealt
with NSF and its procedures, and --

Q. Are there any of those issués that you intend
to give rebuttal to at trial as part of your opinion?

A. There -- there were -- there's one comment that
stood out, and ﬁrwn is that NSF is a consortium of
companies, and I think that the way that NSF as an
organization was characterized was inaccurate and I
believe that that needs to be corrected.

Q. Okay.

A. We are an independent third party and we are
not -- I forget exactly what the term was. We're not an
organization of companies, of manufacturers.

Q. Are there any contributors to NSF, whether it
be the committee members or employees, who have
afilliations with manufacturers of products certified by
NSF?

A. The --'there are different committees where
manufacturers, regulators, and product users all
participate. For instance, there are certain task
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groups that are sometimes assembled to develop
analytical methods. The joint committee is actually a
balanced group of manufacturers, regulators and product
users, and those are the folks that develop the
standard.

However, in order to make sure that there are
no industry interests that would put public health at
risk, all the standards are reviewed by the Council of
Public Health Consultants which are all either
governmental health regulators or academicians with no
affiliation to industry.

Q. Does NSF International have any sort of
conflict of interest policy?

A. 1 believe there is a policy, but specifically
to what you're asking, I'm not sure.

Q. Does NSF International require any sort of
disclosures for people to -- who are on committees to --
to certify under oath or F,.S%H penalty of perjury what
their affiliations are --

A. I--Idon't know.

Q. Okay. How are the joint committee members
selected for the Standard 60 development?

A. There is a chairperson, and I believe that

“there's a -- there's a nomination process. But the goal
is to maintain a balanced committee between, again,
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manufacturers, regulators and users, such as water
utilities. The specific nomination process, I -- I'm
not up to date on.

Q. Are you familiar with the producer members of
the standards committee on flouride?

A. No.

Q. Are you familiar whether or not it's a Cargio
Fertilizers has members on the standards committee for
flouride?

A. TI'm not aware of them, but then again #Q.H not
close to the mgmm.am. or the certification process.
And again, the standard is to cover hundreds of
different chemical categories, not just flouride. And
they -- the one committee addresses all the products in
the standard.

Q. Are you aware that Cargio Fertilizer is a
Hnm&n.-m producer of flourine chemicals in the United
States?

A. I'm not familiar with that.

Q. Do you have any affiliation with Cargio
Fertilizer?

A. Personally?

Q. Uh-huh.

A. No.

Q. Have you ever met with anybody from Cargio
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Fertilizer in the course of your activities at
NSF International?

A. I may have.

Q. Can you recall any specific time you met with
somebody?

A. No, I cannot recall.

Understanding that there are a lot of

meetings, a lot of -- A

Q. Iunderstand. I understand. I mean,I -- if
it doesn’'t stand out to you, then probably not a meeting
that had much substance. )

Is the NSF Standard 60 intended to be a
substitute in any way for -- for FDA approval of a
medication?

A. No. It's -- it's entirely EPA jurisdiction.
Drinking Sﬁa—..mw under the auspices of EPA.
Not drinking water additives, though. -

Drinking water additives as well.

© > 0O

Are regulated by the EPA?

A. They were given -- in 1979, under a memorandum
of understanding between EPA and FDA, EPA was given
responsibility for drinking water and additives into
drinking water. And since that time, 1979, that's when
EPA took on that role and with the understanding that
they would carry out certain tasks and they did not
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accomplish all of that, which. is one of the reasons that
they decided to let the private sector develop the
standards, which leads to the 1984 Federal Register
notice to develop these standards and the certification
program. So drinking water --

Q. Currently --

A. T'm sorry.

Q. Currently --

A. Yes.

Q. --does the *FSA -- I mean, does the EPA
regulate or approve drinking water additives?

A. They do not approve drinking water additives.
But they do have responsibility for drinking water
quality and safety.

Q. In terms of their contamination MCL
promulgations?

A. Yes. They were, | believe, identified as the
agency responsible for carrying out the Safe .Un.bﬁhm
Water Act.

Q. If--is it mutually exclusive in your mind
that if something is both a water additive and a
medication, that it wouldn't be regulated by both
agencies?

A. IguessIdon't have the background to really
address any FDA issues.
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Q. Well, you gave the opinion that the FDA doesn't
regulate drinking water additives, and I was just
wondering what did you base that on?

A. Strictly on the 1979 memorandum of
understanding where -- where it was the drinking water
and additives to drinking water were deemed the
responsibility of EPA and both had water, and other food
compounds were FDA. >5m that -- that is what my comment
is based on. ,

Q. Have you seen anything -- take that back.

The witness for the Department of Health
Services testified that his only consideration for
issuing the permit in this case to the City of Escondido
for their selection of a flouride substance was based
upon whether or not the Bmﬂs.mmoanoa was on the NSF
approved list.

Is that a proper method of selecting the ~

substance to use in Ehw,«\wnaw system, in your mind?

MR. CRIBBS: Let me just interpose an objection
to it that that, I'm assuming, is the paraphrase of the
testimony.

MR. NORDREHAUG: Paraphrase.

MR. CRIBBS: We don't have the testimony in
front of us. That hinges on a hypothetical. So I would
say that that deposition testimony speaks for itself
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which we don't have in front of us. So for him to
comment, he’s commenting now on your paraphrase.
MR. NORDREHAUG: On my representation.
MR. CRIBBS: That's fine.
If you understand the question, you can answer
it.
THE WITNESS: If you could repeat --
BY MR. NORDREHAUG: '

Q. I'm representing to you that the city's -- the
Department of Health Services personnel testified that
their only consideration was whether or not the
manufacturer appears on the NSF list in granting a
permit for a municipal water utility or system to use
that substance. b

And my question to you is, given my’
representation, in your mind, is that a complete and
accurate or a complete and proper way of determining
which substance to use in a water system?

A. Ithinkit's a -- I think it's a key factor in
determining which product to use. There may be other
issues, such as existing water quality, equipment,
costs, and the like that also impact the final decision
as to which products to use. But certainly a key and
if -- probably the major criterion to use is that the
product be certified.
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Q. Does NSF play favorites between certified
substances or, once certified, all substances are equal
to them?

MR. CRIBBS: Vague as to "play favorites." I'm
not sure he knows what that means.

If you Imow what that is, answer the question.

THE WITNESS: Okay. All companies are treated
the same. And for the most part, it is an invisible
process. It's -- we don't play favorites or -- if
that's what you mean.

BY MR. NORDREHAUG:

Q. Yeah.

Would it be fair to say that NSF doesn't
advocate the use of one approved substance over another
approved substance?

A. Correct.

Q. Now, with respegt to HFSA, how are the - this
is fun. o

How are the specific contaminants chosen for
testing?

A. They are listed in the standard.

Q. Okay.

A. And the specific page number is page 25 --

Q. Okay.

A. -- of the standard NSF ANCI 60 - 2003 E. And
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that table 7.1 specifies that for fluosilicic acid,
metals and radionuclides be tested.

Q. Do you know how those contaminants were
selected for that chart?

A. Most, if not all, drinking water treatment
chemicals are tested for regulated metals,

Q. Okay.

A. The radionuclides testing is .@m&omh%
performed on mined substances where there may be a
radionuclides issue. And so it's appropriate that these
mined substances have metals testing and radionuclide
testing.

Q. Okay. Do you have any knowledge as to why
other contaminants or other possible contaminants
weren't on that list?

A. No.

Q. Okay. Are you familiar what an overfeed is in
terms of fluoridation?

A. What an overfeed is?

Q. Yes.

A. Self-explanatory? Where you feed more than you
intended to?

Q. Yeah. Would it be fair to characterize that as
a situation where more than the maximum use level was
put in?
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A. Idon't know. We're not involved in the
application after product.

Q. Okay. Do you intend to give any opinion
regarding overfeeds or the prevention thereof under NSF
standards?

A. That's really not under our --

Q. Okay.

A. -- purview.

Q. Okay. It's -- is it because, as you said

before, NSF presumes that the substance will be used
properly as well?

A. Correct.

Q. Does NSF Standard 60 require that toxicological
data submitted under general requirement 3.2.1 be
disclosed to interested parties, such as municipalities,
city councils, medical community?

A. No. Ibelieve -- H%.nmoﬁ it's not required °
that we disclose that E%ammoﬁ. In fact,
applications with that information are considered
confidential business Eoddmﬁoﬁ.

Q. So it's possible that if such -- that
toxicological data submitted pursuant to Standard 60 by
the manufacturer might not be available because it's
confidential it might not be publicly available?

.>. All submissions to us are considered
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confidential. However, there's -- there's the -- the
purpose of that is to protect proprietary processes as
opposed to health-related issues.

Q. Okay. Are you aware -- are you personally
aware in this case whether or not NSF Intemational
provided toxicological data to the Department of Health
Services or to the City of Escondido?

A. No.

Q. Okay.

A. Beyond the exhibits that you see here.
Q. Okay. .

MR. NORDREHAUG: Okay. I don't have any
further questions: Well actually let me ask a couple
more questions just got to clean these. Is there
anything else that you feel like you need to ream view
or look at before you complete your work in this case?

A. Well, I did want to go back to I think the last
questions that -~ before the break that we had wherein
we talked about the 3.2.1. I felt that my -- my answer
was -- needed to be qualified and I was hoping we could
go back to that point because I -- if you could read.

MR. NORDREHAUG: 1 don't know ifit's -- she'll
have ﬁm scroll through a whole bunch of stuff. But if
you just want to tell me what your comment is there
then --
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THE WITNESS: I believe that the way that you
phrased the question resulted in my trying -- in my
trying to answer it where you -- you said the, you know,
did we follow the letter or the specific procedure
outlined. And I want to point out that it's when
available, and in my answer to Congress in 2000, it's if
available, that the toxicology information is -- it's if
and when available. And I wanted to -- to try to clear
that issue up.

BY MR. NORDREHAUG:

Q. Okay.

A. " Okay?

Q. So what you're saying is NSF doesn't require
them to go out and perform the data and engage in
experimentation, they simply require disclosure of
information that's known to them already?

A. Right. o -

Q. Okay. Has mb%wow,% else assisted you in
preparing your opinions in this case? Other than
Mr, Cribbs and Miss Freid?

A. Yes. Italked with the director of toxicology
at NSF.

Q. What was his name?

A. CIiff McClelland.

Q. Okay.
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