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AUTHORITARIANISM VERSUS SCIENTIFIC EVIDENCE

Throughout history, officially-promoted viewpoints in science have
often: held sway for remarkably long periods of time, A familiar example
is the Ptolemaic geocentric view of our solar system, which was shown
to be incorrect but was nevertheless stoutly defended by ruling
ecclesiastical authority.

Surprising as it may seem, a similar situation prevails in science
policy even today. For over fifty years the United States Public Health
Service, with the endorsement of leading national and international
dental and other professional organizations, has insisted that the levels
of fluoride ingested from water fluoridation not only significantly
reduce tooth decay but are also virtually without any toxic effects other
than mild dental motiing. This view, however, like that of Ptolemy,
contradicts available scientific evidence.

As can be seen in the two unanswered letters to the presidents of the
US National Academy of Sciences and the Institute of Medicine pub-
lished herein on pages 153-157, officials of these two prestigious
scientific bodies have ignored unrefuted evidence contradicting their
proposed dietary reference standards for human exposure to fluoride.
To anyone even slightly acquainted with the relevant peer-reviewed
literature cited in the two letters, the suggested “tolerable upper level”
fluoride intake of 10 mg/day for individuals aged nine or older clearly
falls in a well-verified toxic range, not only for teeth and bones but also
for various soft-tissue organs. Moreover, under scientific scrutiny, the
major dental benefits claimed for ingested flucride are illusory and are
no longer widely accepted, at least in most non-English speaking
countries (cf. letter to the editor, pages 171-174).

Further serious ethical aspects of this issue are highlighted by the
manner in which administrators of the US Environmental Protection
Agency in 1985 set 4 mg/L as the Recommended Maximum Contami-
nant Level for fluoride in drinking water. A recent paper delivered at
the 23rd Annual Conference of the National Association of Environ-
mental Professionals held June 20-22, 1998, in San Diego, California,
dealt specifically with flagrant violations of this organization’s code of
ethics by EPA management in seiting the 4 mg/L RMCL for fluoride. In
its report to the EPA, USPHS officials had altered the 2 mg/L RMCL of
its scientific panel to 4 mg/L, and EPA management then ordered the

support decument prepared by EPA professionals to be altered in
conflict with known facts.

Sadly, even today, authoritarianism can still overrule solid science.
AWB
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XXHnd CONFERENCE OF THE INTERNATIONAL
SOCIETY FOR FLUORIDE RESEARCH
August 24-27, 1998

Best Western Lakeway Inn, 714 Lakeway Drive, Bellinghiam
Washington 982286, USA

Lodging for 1-2 persons: $69 and $85 per night, plus 7.8% local tax:
Phone (USA) 380 671 1011, Fax {USA) 36C 676 8519,

Bellingham International Airport is about 35 minutes from Seattle by
air. Buses also run from Seattle and from Vancouver in Canada .
Conference registration fee of $300 includes reception, lunches, coffee
breaks, abstract book and guided bus tours.

Further information, and registration forms, can be obtained from
Professor Ming-Ho Yu, Huxley College of Environmental Studies,
Western Washington University, Bellingham WA 98225-8181, USA.
Phone (USA) 360 650 3676 Fax (USA) 360 650 7284,

E-mail mhyu@titan cc. wwu.edu

PAN — ASIA — PACIFIC CONFERENCE ON
FLUORIDE AND ARSENIC RESEARCH
August 16-20, 1999

Shenyang City, Liaoning Province, China
Sponsored by the Fluoride and Arsenic Society of China (FASC)

In China at least 100 million people live in naturally high fluoride
regions and two millien live in arsenic poisoned ones, with most of the
latter also affected by high fluoride. The Fluoride and Arsenic Society
of China was founded in 18995 to study and control the serious
situation. This first international conference aims to share the expertise
of Chinese scientists with other experts from around the worid,
especially those from the Asian and Pacific region, with a view 1o
working together to combat the situation where it cceurs.

Shenyang is one of the most famous historical and cuitural cities of
China. Shenyang Intemational Airport is about 45 minutes by air from
Beijing, and 80 minutes from Shanghai,

Further information, and registration forms, can be obtained from
Professor Sun Guifan, School of Public Health, China Medical
University, 82 Beier Road, Shenyang 110001, China.

PhonefFax 86 24 23871744  E-mail sungf@iris.cmu. edu.cn
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FLUORIDE AND CALCIUM DISTRIBUTION IN HUMAN PLACENTA

Dariusz Chiubek,? Ryszard Poreba® and Bogusiaw Machalinski?
Szczecin and Tychy, Poland

SUMMARY: Fluoride and caicium concentrations in maternal plasma and in pla-
cental tissue were determined in 30 healthy women residing in an area with &
relatively low water and air fluoride {fluorine} content. The mean flucride con-
centrations in maternal plasma and in marginal and central parts of placenta were
4,27 uMiL, 42.1 ugig of ash, and 33.7 pgig of ash, respectively. The mean caicium
concentrations in maternal plasma and in marginal and in central parts of placenta
were 2.3 mM/L, 22.9 mg/g of ash, and 20.0 mg/g of ash, respectively. Fluoride
contents of both parts of placental tissue differed significantly {p < 0.05). High
positive correlations (p < 0.001) were found between maternal plasma fluoride con-
centration and the fluoride content of the marginal part of placenta as well as
between maternal plasma calcium concentration and the calcium content of both
parts of placental tissue. The same positive correlation was also found between
fluoride and caicium contents of marginal part of placental tissue. Qur data
indicate that maost placental fluoride is stored in the marginal part of the organ
presumably as a result of the higher concentration of calcium found in that area,

Key words; Human placenta, Maternal plasma; Placental calcium; Placental fluoride;

Plasma calcium; Plasma fluoride.

INTRODUCTION

Recently published studies on placental transfer of fluoride clearly show that
fluoride passes through the placenta.!"# There is also evidence, however, that
the placenta can accumilate fluoride and possibly play a regulatory role that
helps protect the fetus from excessive amounts of fluoride, when maternal
fluoride intake is high.%-7 The purpose of the present study was to investigate
placental accumulation and distribution of fluoride and calcium in healthy women
residing in an area with a relatively low water and air fluoride (fluorine) centent.

MATERIAL AND METHOQDS

The studies were performed on 30 healthy women at term, aged from 19 to
40 years residing in an arca with < 0.5 ppm of fluoride in the drinking water and
<1.5 ,u,g/mS of fluorine in the air. All women were hospitalized during the peri-
natal period and delivered by spontaneous labour. From each patient during the
first period of normal delivery blood was drawn in tubes containing heparin as
an anticoagulant. All blood samples were centrifuged for 10 minutes at 3000 rpm,
and the plasma was stored at -20°C until fluoride and total calcium concentra-
tions were determined. Placentas were obtained from all patients after birth and
also stored at -20°C. Each placenta was divided intc two parts: central and
marginal. The fluoride and calcium content of both parts was determined by
adding 10.0 mL of saturated sclution of magnesium chloride, drying at 80°C for
48 hours and ashing at 600“C for 16 hours,

Ionic fluoride was determined in 1.0 mL of plasma with an equal volume of
TISAB buffer, which adjusted the pH to 5.0. Total calcium was determined in
0.05 mL of plasma, which was diluted to 5.0 mL with distilled water.

2 pepartment of Biochemistry and Chemistry, Pomeranian Medical Academy, Al
Powstancow Wielkopalskich 72, 70-111 Szczecin, Poland. P Ivth Department of
Obstetrics and Gynecology, Silesian Medical Academy, ul, Engelsa 102, 43-100 Tychy,
Poland. Presented at the XXIst World Conference of the International Society for
Fluoride Research, Budapest, August 25-29, 1996.
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To determine the fluoride content of the placenta samples, 30.0 mg of ash was
first dissolved in 1.0 mL of 2.0 M HCIO,, then 0.2 mL of the resulting sclution was
neutralized with 0.8 mL of 1.0 M aqueous sodium citrate, and finally 1.0 mL of
TISAB buffer was added.

To determine the calciwm content of placenta samples, 30.0 mg of ash was
dissolved in 1.0 mL of 14 M HNO, for 48 hours, then heated to 70°C, and finally
diluted with distilled water.

The levels of fluoride were determined with the Orion-96-09 fluoride-ion-
selective electrode (Orion), and the levels of calcium were determined with an
atomic absorption spectrophotometer PU 9100 X (Philips).

The results were statistically analysed by the Student’s t-test and by Pearson’s cor-

relation coefficient. A probability value of < 0.05 was taken as indicating
stgnificance.

RESULTS
Concentrations of fluoride in maternal plasma, marginal part of placenta, and
central part of placenta are presented in Table 1. Fluoride contents of both parts of
placental tissue differed significantly (p«<0.05). Calcium contents of maternal plas-
ma, marginal part of placenta and central part of placenta are presented in Table 2.

A strong positive correlation (p<0.001) was found between fluoride con-
centrations in maternal plasma and marginal part of placenta (Figure 1). A strong
positive correlation was also found between calcium concentrations in maternal
plasma and marginal part of placenta {Figure 2) as well as between calcium
concentrations in matermnal plasma and central part of placenta (Figure 3). Figure 4
shows the high positive correlation between fluoride and calcium concentrations in
marginal part of placenta (p<0.001).

TABLE i. Fluoride concentrations in maternal plasma, marginal
part of placenta, and central part of placenta

Fluoride concentration

No. of cases Mean Median Sb Min. Max. Range
maternal plasma {pMiL] 30 427 4.21 0.79 279 6.11 3.32
marginal part of
placenta [ug/g of ash] 30 421 39.5 11.4 19.7 76.4 56.7
central part of
placenta [ug/g of ashj 30 33.7 34.2 11.4 14.4 61.7 47.3

TABLE 2. Total calcium concentrations in maternal plasma,
marginal part of placenta and central part of placenta

Calcium concentration
No. of cases Mean Median sD Min. Max. Range
maternal plasma [mW/L] 30 2.3 2.3 0.2 1.8 28 1.0

marginal part of

placenta {mg/g of ash] 30 22.9 21.5 7.5 12.2 450 368
central part of

placenta [mg/q of ash) a0 20.0 19.3 4.9 12.3 33.2 ° 209

Pl L e P o e



[F]

(ng/g of ash)

{Ca} {(mg/g of ash)

Fluoride and calcium distribution in human placentas 133

FIGURE 1, Correlation between fluoride congcentrations in
maternal plasma and marginal part of placenta
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DISCUSSION

In 1955, Feltman and Kosel® observed much higher concentrations of fluoride
in peripheral regions (in comparison with central ones) of two examined
placentas. These authors suggested that this differentiation was closely related to
the calcium content of these parts of tissue. These findings were discussed in
more recent studies by Shen and Taves,® who showed that fluoride accumulation
in placenta may be connected with local focuses of calcification. Other studies by
Zamorska and Niwelinski® demonstrated that placentas from urban-industrial
regions abounded in calcium fluoride deposits. These findings are supported by
data of Jendryczko et al'? 1! and of Chlubek.*

In recent Chinese investigations of fluoride exposure and intelligence in
children the effect of fluoride appears to oceur at an early stage of development
of the embryo when the differentiation of brain nerve cells is taking place and
development is most rapid.'? Furthermore, a higher concentration of fluoride
has been found in embryonic brain tissue obtained from termination of preg-
nancy in areas where fluorosis due to coal burning was prevalent.!®'% These
abservations refute the view that the placenta protects the fetus from fluoride.

Based on our results, we conclude that placenta can accumulate fluoride in
healthy women who are exposed in pregnancy to relatively low fluoride con-
centrations in water and in air. The greatest amount of placental fluoride is
stored in the marginal part of the organ presumably as a result of the higher
concentration of calcium found in that area.

The present paper was prepared in the framework of the KBN research
project 4 5405 021 06 and was presented and discussed at the X33st World
Conference of the International Society for Fluoride Research in Budapest (25-29
August, 19963,
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PHOSPHATE FERTILIZER INDUSTRY IN JORDAN:
ASSESSMENT OF ENVIRONMENTAL EXPOSURE
TO PHOSPHATE DUST AND FLUORIDE

Burhan A. AbuDhaise? and Naheid | AbuOmarP
Agaba, Jordan

SUMMARY: In order to assess environmental exposure, phosphate dust and
gaseous fluoride concentrations were measured at various sites of a phosphate
fartilizer complex in Jordan throughout the year 1933. Sixty six phosphate dust
samples were collected using a high volume air sampler {(Staplex, TFIA-2, USA)
fitted with glass fiber filter media. Short-term drager tubes (Drager-Rohrchen,
Germany} were used to measure fluorine concentrations in 300 air samples. The
concentration of airborne phosphate dust varied widely throughout the year
(0.3 - 379 mg/m?), and in one third of the samples it exceeded the ACGIH-TLV
of 10 mg/m? for total dust. The highest levels were encountered during truck
unloading of the raw phosphate material, conveyor belt feeding, and in the export
area during truck unleading of the finished product. Gaseous fluoride emissions
from various processes ranged from 0.1 to 30 ppm. In at least 20% of the samples
the concentration exceeded the ACGIH-TLV of 1 ppm for fluorine gas. The highest
geometric mean concentrations were found in the reactor unit at the phosphoric
acid plant {4 + 3.02 ppm) followed by the crystallizer and calciner units at the alu-
minum fluoride plant {324, 2.6x3.4 ppm, respectively}. It is concluded that
phosphate fertilizer industry carries a hazard of exposure to gaseous and particu-
late fluoride, in addition to other phosphate dust compaonents.

Key words: Environmental exposure; Fertilizer industry, Fluoride emissions;, Jordan;

Occupational hazard; Phosphate dust; Superphosphate.

INTRODUCTION
Phosphate is found in all igneous and sedimentary rocks but it is only mined
when present in high concentrations. It represents an important source of ferti-
lizer industry in the United States, Russia and North Africa. The warld preduction
of phosphate rock in 1977 was about 126 million tons; 47 million in the United
States, 24 million in Russia, 18 million in Morocco and 4 million in China.t

. Jordan has an enormous phosphate cre reserve that covers about 60% of its
total area. A total of 7 millon tons of different grades of phosphate rock is
produced annually.?2 The bulk is exported as a raw material, making Jordan
probably the fourth largest exporter of phosphate rock in the world after USA,
Russia and Morocco. About one million tons are utilized locally for the production
of phosphoric acid and phosphate fertilizer (diammonium phosphate) by Jordan
Phosphate Mines and Fertilizer Company (JPMFC). Extraction and processing of
phosphate are not without hazards, however, as ores may contain, besides calcium
phosphate, impurities such as uranium, silica and fluorides.!

It has been estimated that the fluoride content (as F-) of the rock phosphate
mined annually in the USA alone is about 0.7 million tons.3 Phosphate fertilizer
production emits fluoride at certain phases, particularly in gaseous and vaporized
forms, that may exceed acceptable safety levels.4 Fluorosis has been reported in

2  Depariment of Community Medicine, Jordan University of Science and Technology,

PO Box 3030, Irbid, Jordan. Fax {00962) 2 205123,
b jordan Phosphate Mines and Fertilizer Complex, Agaba, Jordan.
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fluorspar processing and phosphate fertilizer workers indicating undue exposure
to fluorine.58 However, studies investigating the morbidity of phosphate workers
are scarce and still inconclusive. This part of the study aims at assessing environ-
mental exposure to phosphate dust and fluoride at the JPMFC.

MATERIAL AND METHODS

Study setting

Jordan Phosphate Mines and Fertilizer Company (JPMFC) is one of the largest
industries in Jordan employing about 5500 persons. It comprises four phosphate
production mines located in different parts of the country and an industrial
complex at the poert of Agqaba for the production of phosphate fertilizer from
phosphate rock. The present study was done at the industrial complex and nearby
export department. The complex is composed of four major plants. The first is a
sulfuric acid plant that produces sulfuric acid from sulfur and water. The second is
a phosphoric acid plant that produces phosphoric acid from phosphate rock and
sulfuric acid, a reaction which also results in fluosilicic acid as a by-product. The
third is a granulation plant that produces diammonium phosphate from the reac-
tion of phosphoric acld and ammenia. The fourth plant has purpasely been built to
benefit from the hazardous by-produet fluosilicic acld, formed in the preduction of
aluminum fluoride by allowing it to react with aluminum hydroxide (see Figure).

Phosphate deposits are mined by the open cast method. The phosphate rock is
then transported from the mines by trucks and is fed into the industrial complex
from an intake station, where the trucks are unloaded and the rocks are carried by
a conveyor belt (250 m long) to the ballmill for grinding. The product from the
ballmill is conveyed to a reactor in the phosphoric acid plant where it reacts with
sulfuric acid for the production of phosphoric acid as shown in the Figure.
Treatment of fluosilicic acid with aluminum hydroxide trihydrate for the pro-
duction of aluminum fluoride takes place in special reactors. The reacticn product
(sturry) is passed onto a belt filter to separate silica from the aluminum fluoride
solution. The aluminum fluoride then enters a crystallizer to precipitate aluminum
fluoride trihydrate crystals. The crystals are dried in a calciner to produce
anhydrous aluminum flugride which is cooled and conveyed to silos for bagging.

Assessment of phosphate and fluoride exposure

Three hundred and sixty six alr samples were drawn throughout the year
1993 from various sites of production and processing, 66 samples for phosphate
dust assessment and 300 for gaseous fluoride. The sites of sample collections are
designated in Figure 1. For phosphate dust assessment, air samples were collected
from same sites twice during the year, July and December. Fluoride levels were
measured 6 times at each site throughout the year, and a total of 30 samples
from each site were collected. The strategy was to calculate an annual average
exposure, in order to allow for any seasonal variation and to draw a more
consistent picture of exposure.

Total airbomne phosphate dust concentration was measured with a high
volume air sampler (Staplex, TFIA-2, USA) which uses glass fiber filter media
that has 95% collection efficiency of particles =>0.5 um in diameter. The sampler
was placed 1.5 m above ground level to measure dusts in the respiratory zone.
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The flow rate hefore and after sampling was recorded and the average rate was
calculated. The duration of sampling was also recorded. The filter was weighed
before and after sampling, and the difference was taken as a dust weight, After
considering the duration of sampling and the average flow rate, the calculated
dust weight was converted into airborne dust concentration in mg/m3. The

concentration of fluoride gas was measured using short-termm drager tubes
{Drager-Rohrchen, Germany}.

FIGURE. Flow-chart of phosphate fertilizer and aluminum fluoride
production at JPMFC, Jordan
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RESULTS

Two major environmental hazards encountered in a phosphate fertilizer plant
in Jordan were assessed: phosphate dust and fluoride gas. Analysis of 366 air
samples taken from vartous sites along the production lines and in the nearby area
during one year gave the results described in Tables 1 and 2. The concentration of
airborne phosphate dust varied widely throughout the year, ranging from 0.3 to
379 mg/m? (Table 1). Qut of the 66 dust samples collected from varicus sites, 22
samples exceeded the ACGIH-TLV 7 (10 mg/m? for total dust). The section of the
industrial complex which receives phosphate raw material was found to have the
highest average dust exposure (54.6 mg/m?) when compared with the production
plarnit, silos, and export section. Within this section, the belt conveyor site was the
main contributor to the elevated dust concentration (125.2 mg/m?3) (Table 1).
Along the production lines the overall average dust level was within the TLV,
despite the high concentration observed at the phosphate gates (64.07 mg/m3).

Tahble 1. Envircnmental phosphate dust concentrations
in various sections at JPMFC. Jordan, 1993,

Section Noof _  Total Dust Concentration {(mg/m3) Samples
samples* Range Geometric mean x50 >TLV (%)

1. Phosphate unloading

a. resting area 2 3-5.5 4.06£1,54 o
b. Truck unloading 4 12-379 101.5+4.46 100
¢. Belt conveyor 0 67.5-230 125.241.86 1040
Total 12 3-379 54.6+6.4 83.3
2. Silos (7 in number) 14 i.7-4 2.5+1.34 0
3. Phospheric acid plant
a. Mill ig 0.8-12.8 4.26+2.44 12.5
b. phosphate gates 2 &0-69 64.07+£1.10 100
€. 30% H,PQ, 2 0.8-1.2 0.98%1.32 0
d. Reactor 2 0.3-0.8 0.49+1.99 ¢
e. Ground floor 2 0.4-1.2 0.79+2.14 4]
Total 24 0.3-569 3.3+4.3 16.7
4. Export
a. Truck unloading 4 81.6-229 136.3£2.07 100
tr. train untoading 6 2.2-39.2 8.85+4,22 33.3
C. Store 2 12-28.5 18.54+1.85 100
d. Background 2 1.2-3.6 2.08+£2.18 a0
e. Ship loading 2 6.0-9.5 7.61£1.38 0
Total 16 1.2-229 15.18%6.0 50

* Samples were taken on two occasions during the year 1993, July and December

Gaseous fluoride emission from various processes within the complex varied
widely (0.1-30 ppm) (Table 2). In about 20% of samples from each of the
phosphoric acid and atuminum fluoride plants the TLV for fluoride was exceeded.
Furthermore, the highest concentrations were measured from the reactor site at
the phosphoric acid pla.nt where almost all samples collected exceeded the TLV of
1ppm for fluoride.” Within the aluminum fluoride plant, the crystallizer and
calciner units were associated with the highest fluoride concentrations, 3 and
2.6 ppm respectively.

Fiuaride 31 (3) 1998



Phosphate fettilizer industry in Jordan 141

Table 2. Environmental Fluoride gas concentration in various sections at JPFMC.
Jordan, 1993

Sampling site * Fluorine concentration (ppm} Samples
Range Geometric M £ SD >TLV (%)
1 H, PO, Paint
Reactor 1-30 4+3.02 98
Filter 0.5-4 1.4%£1.71 13
30% H;PO, tanks 0.1-1 0.5+ 2,35 g
Cancentration unit G.5-2 1.3 £ 2.10 5.7
Cooling tower 0.1-0.5 0314 o
Ground floor 0.1-1 0.5+ 2.2 0
Total 0.1-30 1.3+£1.4 18.6
2 AlF; Plant
Reactor 0.1-4 1.2 2.7 16.7
Crystailizer 0.5-8 3+2.4 33.3
Calciner 0.5-15 2.6%3.4 33.3
Ground floor 0.1-3 1.5 2.3 6.7
Total 0.1-15 2.1+£0.88 22.5
* 30 samples were taken from each site in the plant on mare than one occasion

throughout the year 1993

DISCUSSION

The phosphate fertilizer and aluminum fluoride industry in Jordan entails
two main environmental work hazards, phosphate dust and fluoride gas expo-
sures. The processes responsible for their emission and the amounts contributed
by each process have been the subject of this article.

Phosphate dust was shown to be emitted from various processes of handling
the raw material. The unloading station represented a source of exposure, during
truck unloading and conveyor belt feeding. In both sites the mean concentration
of phosphate dust greatly exceeded the acceptable safety level for total dust
(10 mg/m3).7 This station was provided with a de-dusting ventilation system, but
due to the intensity of work the systern was not able to lower the airbome dust
concentration to the acceptable safety level. Workers at this station, therefore, are
expected to inhale considerable amounts of dust under such circumstances.

In the silos area, the mean dust concentration (2.5+1.3mg/m3) was within
the TLV since each silo used a closed handling system. In the ballmill, the coarse
phosphate particles are ground to sizes less than 80 mm in diameter and trans-
ported in a closed system to a silo and afterwards, to a reactor. The resulting
dust due to grinding is collected via cyclones and dust bags. Dust is emitted to
the working area only occasionally when there is some mechanical problem. This
explains the low level of dust, in general, measured from the ballmill environ-
ment (4.3=2.4mg/m3).

Samples collected from the truck unloading bay and stores at the export
section showed elevated concentrations of phosphate dust. The constituents of
raw phosphate dust differ according to the country of origin. In Jordan, 80-85%
of it is made of calcium compounds and the remaining part is present as
impurities, mainly of fiuoride (3-4%) and silica (3-6%).2 While inhalation of
dust consisting of caleium compounds is harmless to the lung, chronic inhalation
of phosphate dust was shown to produce lung fibrosis which was attributed to

Fluoride 31 (3) 1938



142 AbuDhaise and AbuCmar

high silica content of the dust.® This finding, however, was not confirmed.? Still,
it is reascnable to assume that workers in the phosphate industry may be at risk
of phosphate-induced lung effects, depending on the content of impurities and
severity of exposure,

The hazard of fluoride exposure was also studied. Fluoride particulate
exposure {flucrapatite) was indirectly assessed by measuring phosphate total dust
concentration. Furthermore, the emission of gaseous fluoride was reported among
various stages of aluminum fluoride production. The highest average concentra-
tions were seen at the reactor of the phosphoric acid plant (4 ppm}, crystallizer
(3 ppm), and calciner (2.6 ppm) in the aluminum fluoride plant. About 20% of
samples collected from each of the phosphoric acid and aluminum flucride plants
had fluoride concentration that exceeded the TLV of 1 ppm. Therefore, workers in
the phosphate fertilizer and aluminum fluoride industries are expected to be at
risk of exposure to fluoride gas or compounds. Studies have shown that such
workers may develop fluorosis after prolonged exposure.'®’1 Children living
near an aluminum smelter were found to have marked abnormal pulmonary
manifestations attributed to inhalation of airborne fluoride.12

In conclusion: the phosphate fertilizer industry is an environmental source of
gaseous and particulate fluyoride, in addition to phosphate dust. Separate reports
dealing with lung effects and osteofluorosis in phosphate fertilizer workers will
be presented later.
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AMELIORATIVE ROLE OF AMINO ACIDS ON FLUORIDE-INDUCED
ALTERATIONS IN MICE (PART [i): OVARIAN AND UTERINE
NUCLEIC ACID METABOLISM

Dhruva Patel and N J Chinoy
Ahmedabad, india

SUMMARY: Sodium fluoride (5 mg/kg body weight) was effective from the 45th day
of treatment in causing a significant decline in DNA and RNA levels of mice ovary
and uterus, indicating alterations in nucleic acid and protein metabolism in these
organs. The cestrus cycle was irregular with prolonged duration of the diestrus
stage which in turn severely affected the fertility rate in treated mice,

The administration of amino acids glycine and glutamine, individually and in
combination aleng with NaF, helped in maintaining the status quo of all parameters
as compared to cantrof, thus elucidating their ameliorative role,

Key words: Amino acids; DNA; Fertility; Mice; RNA; Sodium fluoride,

INTRODUCTION

Tsutsui et al described genotoxic effects of fluoride.? NaF has been reparted
to cause an increase in the frequency of Sister Chromatid Exchange (SCE) in
human population of endemic areas of North Gujarat.?

Increased feeding of fluoride to animals and humans raises the fluoride
concentration in maternal and fetal blood.? Administration of 150-300 mg ¥*/kg
body weight blocked gonadotropin stimulation of rabbit ovary.4 Hanley et al
reported maternal weight loss and fetotoxic effects of fluoride in white rabbits
and rats exposed to 225 ppm of fluoride.® Messer et al have attempted to link
infertility and fluorosis.® Reports from our laboratory have clearly elucidated
alterations in carbohydrate and oxidative metabolisms and altered functions of
some vital and reproductive organs in fluoridated female mice.”® However, the
effects in the ovary and uterus due to fluoride ate not yet fully explored.

In the light of earlier data the purpose of the present investigation was to
evaluate the effects of fluoride on nucleic acid and protein levels in the ovary and
uterus and the fertility impairment in mice under experimental fluorosis, The
possible role of amino acids (glycine and glutamine) in the amelioration of
fluoride induced toxicity was also investigated.

MATERIALS AND METHODS

The animals used, exposures, protein levels and experimental protocol are the
same as described earlier by Chinoy and Patel.? The protein levels used in this
study are also the same as given in Chinoy and Pate].%

Nucleic Acids:

The deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) in the ovary and
uterus were first extracted in trichloroacetic acid (TCA) and the BNA levels were
determined using orcinol as the colouring reagent by the methed of Mejboum. 19

The resulting colour was read at 670 nm on a Systronics Colorimeter 106 and
expressed as u moles/100 mg fresh tissue weight.

Depariment of Zoology, School of Sciences, Gujarat University, Ahmedabad 380 009,
india. Correspondence {0 Professor N J Chinoy.

This study is Par I} of the earlier experiment reporied in Fluonde 2§ (4) 217-226 1996
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The DNA levels were estimated by the method of Giles and Meyer'' using
diphenylamine as the colouring reagent and the OD of the resultant colour was
read at 620 nm on a Systronics 106 Colorimeter and expressed as p moles/100 myg
fresh tissue weight.

Fertility Test: was assessed according to the WHO protocol MB-50.12

Cyclicity: The Qestrus cycle was recorded in normal and NaF treated mice, by
observing the vaginal smear daily, for over a period of two months.
Statistics: For each biochemical estimation, a minimum of 6 to 8 replicates were

carried out and the data was analyzed using Analysis of varlance (ANOVA)
followed by Scheff’s test.

RESULTS
Deoxyribenucleic acid (DNA):

NaF treatment resulted in a significant suppression (P<0.001) of ovarian and
uterine DNA levels. However, after administration of glycine and/or gluramine
(group I, IV, V) the DNA levels were almost similar to those of control
{Table 1), which implies a significant increase {P«<0.001) as compared to the
NaF treated group.

Ribonucleic acid (RNA):

NaF treatment {45, 60 days) caused significant (P<0.001) decline in ovarian
and uterine RNA levels as compared to control, whereas, after administration of
glycine and/or gluramine along with NaF (group Iil, [V, V) the ribonucleic acid
levels were similar to those in the control mice (Table 2) which reveals a
significant increase (P<0.001) as compared to the treated group.

DNA/RNA ratio:

The DNA/RNA ratio in uterus declined (P<0.05) after 45days and 60 days of
treatment, whereas it increased (P<0.05) in the ovary. NaF treatment along with
glycine and/or glutamine resulted in increase (P<0.05) in the DNA/RNA ratio in
the uterus as compared to NaF treated group whereas in the ovary the ratio
remained unaltered (Table 3).

RNA/Protein ratio:

A significant decline (P<0.001) in RNA/protein ratic occurred in the ovary
after NaF treatment (45 and 60 days)}, while, no change was observed in uterus.
After administration of glycine or glutamine along with NaF {group I and IV},
the ratio was the same as in contro! (P<0.05). The levels were almost the same
as control in group V In which animals were fed glycine and glutamine in
combination with NaF (Table 4), implying a significant increase as compared to
the NaF treated group.

Fertitity rate :

Sodium fluoride treatment led to a significant decline (P<0.001) in fentility
rate after 45 and 60 days of treatment. The fertility rate was less affected after
ingestion of glycine or glutamine alone and in combination along with NaF
(Table 5) than in NaF treatment alone (group II}.

Cyclicity:

The cyclicity of NaF treated animals was disturbed. The cycles were irregular
and prolonged. However, in groups II[, IV and V regular cycles were observed but
their duration was extended (Table 5).
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TABLE 1A. DNA levels {1 moles/100mg fresh tissue weight)
in uterus and ovary of control and treated groups

Uterus Ovary
Groups 45 days 80 days 45 days 60 days
Control 886.34 £ 20.2 8394 .30 + 18.1 1053 + 36.3 1002.0+212
NaF 484.79 £ 179" 40828+ 166* 658+ 17.0% 599.0+ 18.2*
NafF + Glycine 807.57 £ 12.2* 907.72 =18.2" 923 + 16.37 976.0 + 19.1*
NaF + Glutamine 79415 = 19.9* 865.28 + 151" g36 + 19.97 941.44 + 16.6*
Naf » Slycine 907.12 £ 24.8° 07456+ 14.2* 1024+ 326*  1056.0 + 21.9%

Values are Mean + Std Error “P < 0.007

TABLE 1B. DNA ANCVA

Source of

variation 88 df MSS f{cal) f{tab) P value
Utarus

Groups 1104058.00 8 138007.00 119.80 3.71 <(0.001
Residual 20732.00 18 1151.00

Ovary

Groups 849933.60 8 106241.00 46.10 3.71 <0.001
Residual 41481.00 18 2304.00

SS = Sum of squares df = Degrees of freedom MSS = Mean sum of squares

TABLE 2A. RNA levels {1 moles/100 mg fresh tissue weight)
in uterus and ovary of control and treated groups

Ulerus Ovary
Groups 45 days 60 days 45 days 80 days
Control 15152+ 6.2 149+ 7.6 221.51 + 111 208 £ 196
NaF 112,51 £ 597 9921+ 7.9 104.49+11.3"™ ©8.86 +10.0"™"
NaF + Glycine 130.82 £ 8.7 117.67+£8.2™ 15286+ 8.7™ 17366+ 121"

NaF+ Glutamine 11913 £ 2.3N% 11348 £ 4.2 14297 + 102" 168.71 + 10.9**
NafF + Glycine
+ Glutamine 1348 + 9.2 129.88 + 7.6 176+ 86™  188.82 + 11.3"

Vajues are Mean + Std Error ERP <0001 *MP<0.01 *P <{0.05

TABLE 2B. RNA ANOVA

Source of

variation 88 of MSS f{cal) f({ab) P value
Werus

Groups 8280.85 8 1035.00 557 3.71 <(,001
Residual 3342.00 18 185.00

Ovary

Groups 42369.30 3 5296.00 17.00 3.71 <0.001
Residyal 5604.60 18 311.00

58 = Sum of squares df = Degrees of freedom  MSS = Mean sum of squares
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TABLE 3A. DNAJ/RNA ratio in uterus and ovary of ¢ontrol and treated groups

Uterus Ovary

Groups 45 days 80 days 45 days 60 days
Control 576+04 590103 477+ 1.1 454+ 08
NaF 4.29 +0.3* 417 £ 1.2* 6.39 £+ 0.3" 6.08t1.4*
NaF + Glycine 6.38 £ 0.9% 7.71 £ 06" 6.23x1.9" 575+ 0.9"
NaF + Glutamine  7.10 £ 0.6% 760+ Q.1" 6.71+20" 6.55 £ 1.3*
NaF + Glycing
+ Glutamine 6.93 + 0.4% 7.35+0.3% 581+14" 560+ 0.8"
Values are Mean + Std Error *P<0.05

TABLE 3B. DNA/RNA Ratio ANOVA
Source of
variation 88 df M3S f(cal) f(tab) P value
Uterus
Groups 62.55 8 7.82 7.28 3.26 <0.05
Residual 28.00 27 1.07
Ovary
Groups 16.07 [+ 2.01 417 3.7 <0.05
Residual B8.67 18 0.48

S5 = Sum of squares df = Degrees of freedom  MSS = Mean sum of squares

TABLE 4A. RNAProtein® ratio in uterus and ovary of control and treated groups

Uterus Ovary
Groups 45 days 60 days 45 days 60 days
Control 1053+ 032 1041 £ 210N 1822+ 0.90 19.6 £ 0.72
NaF 1149+ 061N 1088+ 1.00N° 13102121 13495+ 067™

NaF + Glycine 1010+ 0.77N% 894+ 096NS 14142 062" 1503+0862"

NaF + Glutamine 857 +0.31N 885+ 062N  1296+081* 13.92+ 1.62°

NaF + Glycine -

+ Glutamine 926+ 040N 9 05+091N% 1660+ 130" 1B.20 = 1.42**

Values are Mean + Std Error *P<005  *TP<0.001
T For protein levels in ovary and uterus see Part | {reference no. 9)

TABLE 4B. RNA/Protein Ratio ANOVA

Source of
variation S§8 df MSS f(cal) f{tab) P value
Uterus
Groups 30.28 8 378 1.86 3.7 NS
Residual 36.47 18 2.02
Ovary
Groups 143.37 8 17.92 7.57 3.7 <0.001
Residual 42.57 18 2.36

58 = Sum of squares df = Degrees of freedom  MSS = Mean sum of squares
NS = Non significant
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TABLE 5. Fertility rate (%) and implantation sites
of treated and control groups of mice

No. of females mated/ No. of

No. of females Fertility implantation Cyclicit

pregnant rate TT (%) sites yclety
45days 60days 45days 60days 45days 60 days 45 days 60 days
Controt 10/10 10110 100 100 128208 12507 Regular  Regular
NaF 10/6 1072 60 20 3.24£0.5™ 1.5£0.5™  lrregular  lmegular

NaF+Glycine 10/ 10/ 80 €0 8541.4* 65:0.3  RegularT Regular?
NaF+Glutamine 10/9  10/¢ 80 90 8.0+1.3* 7.0+11* Regufar  Regulart

Naf+Glycine  40/10 10110 100 100 9.0:1.5" 9.0:1.2™  Regular’ Regular’
+ Glutamine

T The oestrus cycle was founa to be regular but duration of cycle was extended.
ttFemaies Males used inratioof 2:1. ™ P<0.001 *P<0.01
Al least 3 sets done for each group and mean values are presented.

DISCUSSION

Several human conditions including aging, cancer and anteriosclerosis have
been associated with DNA damage and its misrepair.’® Fluoride has been reported
to cause depression in DNA and RNA synthesis in cultured cells.'® In the present
study, the DNA and RNA concentrations in the ovary and uterus were significantly
decreased, which could be due to a decrease in their synthesis or an alteration in
their metabolism, Earlier reports have also revealed that fluoride ingestion in rabbits
resulted in a decrease in DNA and RNA levels in the ovary!? in corroboration with
the present data. The inhibition of DNA and RNA synthesis may result in delayed
mitotic and meiotic cycles including chromosomal breakages.'® Studies on fluorotic
human population in endemic areas of North Gujarat have shown an increase in
frequency of sister chromatid exchange as compared to the control indicating that
flucride might have a genotaxic effect.?

The DNA/RNA ratio declined in the uterus, whereas it remained unaltered in the
ovary, This decrease might be due to a significant decline in RNA concentration.

The DNA/Protein ratio was also significantly decreased in the ovary and urerus
which could be related to the significant decline in protein levels. Thus it is likely
that the process of transcription and translation would be affected in NaF treated
mice. Further detailed studies on DNA repair mechanism on DNA polymerase
activity as well as other enzymes involved in nucleic acid synthesis and metabolism
are called for in the future.

In the present study, NaF treatment (60 days) induced complete loss of fertility
and absence of implantation sites in NaF treated females when mated with control

males. The loss of fertility might be due to irregularity in cyclicity related to altered
hormone levels.

The present study thus elucidates that NaF brought about alterations in ovarian
and uterine nucleic acid metabolism and had effects on reproduction. Since the
structure and internal milieu of the uterus is maintained by priming of estrogen and
action of progesterone, it is necessary 1o study the levels of these hormones and the
ubtrastructural changes inthe ovary and uterus.

Fluoride 31 (3) 1998



148 Palel and Chinoy

The present study also elucidates that supplementation of amino acids

(glycine and/or glutamine) along with NaF manifested amelioration in all NaF
induced effects, which was more pronounced with the combined administration.

Acknowtedgement: The financial support provided by the Council of Scientific
and Industrial Research (CSIR), New Delhi, to one of the authors {(DP) is grate-
fully acknowledged.

=3

el

REFERENCES

Tsutsui T, Suzuki N, Ohmori M. Sodium flueride induced morphological and neo-
plastic transformation, chromosome aberrations, sister chromatid exchanges and
unscheduled DNA synthesis in cultured Syrian Hamster embryo cefls. Cancer
Research 44 938-941 1984,

Sheth FI, Multani AS, Chinoy NI Sister chromatid exchanges: A study in fluorotic
individuals of North Gujarat. Fluoride 27 (4) 215-219 1594,

Singer L, Armstrong WD. Regulation of human plasma fluoride concentration.
Journal of Applied Physiology 15 508-510 1560,

Guercio F, Cazzola . The mechanism of action of several hypophyseal hormones:
Influence of several poisons and of pancreatectomy on the gonadotropic and thyro-
tropic hormones. Archives of Science and Biology 27 403-413 1941,

Hanley TR, Cathoun LL, Kociba RJ, Grene JA. The effects of inhalation exposure to
sulfuryl fluoride on foetal development in rats and rabbits. Fundamental and
Applied Toxicology 13 719-86 1989

Messer HJ, Ammstrong WD Singer L. Influence of fluoride intake on reproduction in
mice. Jorrnal of Nutrition 103 1319-1326 1973,

Chinoy NJ, Walimbe AS, Vyas HA Mangala P. Transient and reversible fluoride
toxteity in some soft tissues of female mice. Fluoride 27 (4) 203-214 1994,

Dhruva P, Milind VS, Narayana MV and Chinoy NJ. Effects of sodium fluoride on
physiology of female mice and its reversal Proceedings of the Academy of
Epvironmental Biology 3 (2) 197-205 1994,

Chinoy NJ, Patel D. Ameliorative role of amine acids on fluoride-induced alterations
in uterine carbohydrate metabolism in mice. Fluoride 29 (4) 217-226 1996,

Mebaum W. Cited by Swift H. In: Chargoff E, Davidson JN (Eds). The Nucleic
Acids Vol 2. Academic Press, New York 1955 pp 51-92.

Giles KW, Meyer A An improved diphenylamine method for the estimation of
DNA. Nafure 206 93 1965

WHO. A method for examination of the effect of plant extracts administered orally
on the fertility of male rats. APF/IP, 99/4E, MB-50 j-12 1983.

Rubin JS, Joyner AL, Bernstein A, Witmore GF. Celtutar response to DNA damage.
In: Proceedings of the ULCA Symposium, Colorado, 1983, pp 615-624.

Strachkova LS, Zahvorenkov AA, Autsyn AP, Effects of fluoride on morphological
modifications in Hela cell culture. Tsitologiya 26 299-306 1984

Shashi A. Preliminary observation on alterations in Rabbit ovary DNA and RNA
content in experimental fluorosis. Fluoride 27 (2) 76-80 1994

Vorishilin SI, Plotko EG, Gativatulline EZ, Gileva EA. Cytogenetic effect of
inorganic fluorine compounds on human and animal cells i vivo and 1 vitro.
Generica 9 422 1973

Published by the International Society for Fluoride Research. Editoria! Office:
81A Landscape Road, Mount Eden, Auckland 1004, New Zealand

Fluoride 31 (3) 1998



Abstracts and Comments 149

DRINKING WATER FLUORIDATION: BONE MINERAL DENSITY
AND HIP FRACTURE INCIDENCE
R Lehmann, | M. Wapniarz, B Hofmann, B Pieper, | Haubitz, and E C Allolic
Warzburg, Germany
Abstract from Bone 22 (3} 273-278 1998

The role of drinking water fluoride content for prevention of osteoporosis remains
controversial. Therefore, we analyzed the influence of drinking water fluoridation on the
incidence of osteoporotic hip fractures and bone mineral density (BMD) in twe different
communities in eastern Germany: in Chemnitz, drinking water was fluoridated (1 mg/L) over
a period of 30 years; In Halle, the water was not fluoridated. BMD was measured in healthy
hospital employees aged 20-60 years (Halle: 214 women, 98 men; Chemnitz: 201 women, 43
men respectively) using dual-energy X-ray absorptiometry. Hip fractures in patients 2 35
vears admitted to the local hospitals in the years 1987-1989 were collected from the clinic
registers. There was no difference in age, anthropometric, hormonal, or lifestyle varables
between the two groups. Mean fluoride exposure in Chemnitz was 25.2 £ 7.3 years. No
correlation was found between flucride exposure and age-adjusted BMD. We found no
significant difference in spinal or femoral BMD between subjects living in Halle and Chemnitz
{lumbar spine: 0.997 £ 0129 {glem?) vs 1.045 £ 0.171 (gfemd), p = 0.08, for men; 1.055 +
0.112 (gfem?) vs.1.046 + 0.117 (gfem?), p = 0.47, for women]. The fracture incidence
showed an exponential increase with aging in men and women with an incidence about 3.5
times higher for women. In Chemnitz, we calculated an age-adjusted annual incidence of
1422 per 100,000 for women, and 72.5 per 100,000 for men, respectively. In Halle the
incidences were 178.5 per 100,000 for women and 89.2 per 100,000 for men. There was a
lower hip fracture incidence after the age of 85 in women in Chemnitz (1391 per 100,000 in
Chemnitz vs. 1957 per 100,000 in Halle, p = 0.008). Using the age-adjusted incidences,
significantly fewer hip fractures occurred in Chemmtz in both men and women. In conclusion
our study suggests that optimal dnnking water fluoridation {1 mg/L), which is advocated for
prevention of dental caries, does not influence peak bone density but may reduce the
incidence of osteoporotic hip fractures in the very old.

Key Wards: Bone mineral density; Drinking water fluoridation; Hip fracture incidence,
Reprints: Dr B Aliolio, Medizinische Klinik der Universitat Wurzbhurg, Schwerpunkt Endo-
krinologie, Josef-Schneider-5tr 2, 97080 Wurzburg, Germany.

COMMENT

The defects in the study are many and include the following.

Due to random variation, any two communities may have different fracture rates that
have nothing to do with the factor being studied. This problem can be partially addressed by
knowing the fracture rates at different ages in both communities prior to fluoridation of one
of them. It may be, for instance, that the fracture incidence among elderly women in Halle
has, for many years, been greater than that of the elderly women in Chemnitz. If so, one can-
not argue that the difference observed here is due to fluoridation

Total fluoride intake was not measured or even estimated. This could have been
accomplished by urine fluonide tests. It is entirely possible that the total fluoride intake was
essentially the same in the women with fractures in both communities.

Past or current estrogen therapy (ERT or HRT) was mentioned as part of the
questionnaire obtained but not cited in its Table 2, showing characteristics of the study

population. Estrogen is well known to be an anti-resorptive agent and thus a bone factor of
some significance,
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Water supply source was not identified. The difference between well water and river
water used for dnnking might be significant. Well water provides not only important
minerals but these same minerals would bind to fluoride to reduce F-absorption. Also, if
both of these industrial cities were on the same river and river water was their drinking water
source, it would be important to know which city was down-stream of the other, Industrial
pollutants in the river greatly affect general health and can react synergistically with flucride.

Both communities are descnibed as industrial cities. If the industrial activity involved coal
burning, atmospheric fluoride would significantly nullify any difference mn water fluonde
intake in these commuaities.

Bone health involves many other vanables, so few of which are considered in this study
that no meaningful conclusion can be drawn. This absence of considering other vanables is
common in the pro-fluoride dental literature.

As the authors admit, fracture incidence in both of these communities is lower than that
found in former West Germany. They assert this is due to “unexplained regional differences”
which is no explanation at all but allows the inference that communities only 100 K apart
can also have “unexplained regional differences.” It is likely, therefore, that other factors,
such as diet, specific nutrients, environmental toxins, deaths from other causes, and other
factors rather than water fluoridation affected the fracture incidence.

There is another curious thing about this study. Since the study was published in 1998
and the data were collected in 1989, one wonders why it took 9 years to write it? On the
other hand, if the study was written in 1998, why choose only the 2-year fime span of 1987-
1989 instead of, say, a 5-year or 10-year time span for which data clearly were available.
Given the known variability of fracture incidence, any given 2-year incidence can not be
expected to be as representative as a 10-year mean incidence. Was there something the
authors Iiked about this particular 2-year time span?

Finally, one must look at the one age period in which a statistically significant fracture
incidence difference exists between the two communities. Why would women over age 85
experience a higher fracture incidence in Halle than in fluoridated Chemnitz? When fluori-
dation was started in Chemnitz, in 1959, the 83-year old women (in 1957-1989) were post-
menopausal, ie., when bone remodelling is much less active, weaker bones at age 85
suggest weaker bones prior to menopause. These women were in their late 30°s during the
war. Was there something about the war experience or the post-war recovery period that
adversely affected Halle women more than Chemnitz women? Is this the cause of their
increased hip fracture incidence fifty years later? This study provides no information to
answer this question. There exists no known mechanism by which fluoridated water could
reduce fracture incidence in the very elderly without some sign of the same beoefit in earlier
age groups. Therefore, it is likely that this isolated divergence of fracture incidence has no
relation to water fluoridation. The only finding of this study that seems sturdy is the fact that
fluoridation produced no apparent gain in bone mineral density at any age, contrary to the
claims of many fluoridation proponents.

The evidence of this study strongly supports the null hypothesis, namely, that water
fluoridation had no effect on bone mineral density or fracture incidence.

John R. Lee, MD

9620 Bodega Hwy

Sebastopol, CA 96472, USA

[Readers are invited to submit comments on papers published in the prefessional and

scientific literature. Often, assessments of full papers are more helpful than the published
abstracts. - Editors]
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EFFECT OF CHRONIC FLUQRIDE EXPOSURE IN UREMIC RATS
A Dunipace, E Brizendine, M Wilson, W Zhang,
C Wilson, B Katz, A Kafrawy and G Stookey
Abstract from Nephron 78 (1) 96-103 1998

This study was conducted to test the hypothesis that the margin of safe fluoride
exposure is narrowed in rats that are physiologically compromised by renal dysfunction.
The study objective was to determine whether increases in fluoride retention and tissue
flucride levels in rats with surgically induced renal insufficiency result in toxic flucnide
effects not ordinarily observed in healthy animals. Uremic and sham-operated control
rats received 0 pg/mi, 5 (0.26 mmol/l), 15 {0.79}, or 50 pg/ml (2.63 mmol/l} of fluoride
in their drinking water for 3 of 6 months. Fluoride retention was monitored, and,
following euthanasia, tissue fluoride and biochemicat markers of tissue function were
analyzed Selected tissues were saved for histology, and beme marrow cells were
harvested for determining the frequency of sister chromatid exchange, a marker of
genetic damage. In spite of significantly higher levels of fluoride in the tissues of the
antmals with renal insufficiency, there were no clinically adverse, fluoride-induced,
extraskeletal, physiclogical, biochemical, or genetic effects of chronic exposure to
common levels of fluoride in these rats.

Key words: Fluoride metabolism; Fluoride toxicity, Rats, Renal insufficiency.
Reprirts: A Dunipace, Oral Health Research Institute, 415 Lansing Street, indianapolis,
IN 46202, USA.

COMMENT

Many studies from the same source have supported the safety of fluondated water.
The authors” position is made clear in the first sentence of their Introduction, which
states: “Fluoride is widely used for its beneficial effect in reducing dental caries, . . "
and then states of 1 ppm fluoridated water, citing a 1993 review of the US National
Research Council: “under normal conditions it does not cause adverse effects.” After
reading the full study, I make the following observations:

1) The experiment occupied periods of 3 and 6 months, so is hardly relevant to human
populations consuming fluoridated water, as the authors claim.

2) There was a high mortality rate {up to 45%) among the treated groups, clearly a
result of the surgery to which the rats were subjected. Although the authors concluded
that “there was no association between the level of fluoride exposure and mortality
rate”, the possibility that the rats more susceptible to surgical traurna might also, had
they survived, been more susceptible to non-skeletal effects of fluoride, does not appear
to have been considered,

3} The brain tissue of the rats was not examined. Possible neurotoxic effects were not
looked for

It 1s interesting to compare these authors’ findings with those of other studies, e.g.
the Brazilian one the abstract of which was published in the last issue of Fluoride (31
100-101 May 1998). Over 40 years ago both skeletal and non-skeletal adverse effects on
rats fed low levels of sodium fluoride were reported (Ramseyer WF, Smith CAH,
McCay CM. Effect of sedium fluoride administration on body changes in old rats.
Jowrnal of Gerontology 12 (1) 14-19 1957), but the experiment occupied a longer period
of time (320 days) than the Dunipace e af study discussed above.

John Colguhoun
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THE ROLE OF THE PUBLIC IN WATER FLUCRIDATION: PUBLIC HEALTH
CHAMPIONS OR ANTI-FLUORIDATION FREEDOM FIGHTERS 7
G B Hastings, K Hughes, S Lawther and R J Lowry
Glasgow, Scotland and Newcastle upon Tyne, England.
Abslract from Bntish Dental Journal 184 (1) 39-41 1998

Objective: Using the opportunity of pretesting a leaflet for the general public on water fluori-
dation, their views were also sought on the issue as a whole.
Design: Qualitative research using focus group discussions led by an experienced moderator.
Setting: Ameng the general public iving in north east England
Subjects: Members of the public living in both fluoridated and non-flucridated areas in three
age bands (20-35, 356-50 and 50+) and by social class.
Results: The study found: the low priority given to dental health; how emotive the subject of
water Is; the variable knowledge of fluoride in relation to dental and general health; and the
desire for information if new water fluoridation schemes are planned.
Conclusions: The research confirmed public support for water fluoridation but highlighted the
place of public health professionals in championing water fluoridation because of public apathy.
COMMENT
The Britisk Dental Journal's acceptance of the above paper, which merely describes
canvassing of opinions about artificial water fluoridation and pretesting of a propaganda
poster, is surprising, particularly because the conclusions drawn are based on a non-random
selected sample size of between 48 and 64 people. The use of the Social Marketing Deparnt-
ment of the Unversity of Strathclyde, where three of the authors work, is a novel approach
to the controversial 1ssue of water fluoridation, which one could reasonably expect to be
settled by scientific discussion.
Bill Wilson
118 Forrest Hill Road
North Shore City, New Zealand

List of some other publications
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Haspital, Centre for Clinical Sciences, Herries Rd, Sheffield $5 7AU, S Yorkshire, England.

Armold CM, Bailey DA, Faulkner RA ef @/ The effect of water fluoridation on the bone
mineral density of young women. Canadian Journal of Public Health (Revue Canadieme de
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Lane JM. Osteoporosis - Medical prevention and treatment. Spine 22 (24 Suppl) S32-37 1997.
(Suggests fluoride therapy for low bone turnover cases.) Reprints: J M Lane, Hospital for
Special Surgery, Osteoporosis Prevention Center, 535 E 70th §t, New York, NY 10021, USA

Lawrence HP, Sheiham A Caries progression in 12- to 16-year-old schoolchildren in fluori-
dated and fluoride-deficient areas in Brazil Community Demtistry & Oral Epidemiology 25
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University of North Carolina Schoo! of Dentistry, CB 7450 Chapel Hill, NC 27599, USA.
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TWO UNANSWERED LETTERS

The following letter received no reply or acknowiedgment:

Qctober 15, 1997

Dr. Bruce Alberts, President
National Academy of Sciences
2101 Constitution Avenue, NW
Washington, DC 20418

Dear Dr. Alberts:

As you may be aware, the Dietary Reference Intakes report on calcium, magnesium,
phosphorus, vitamin D, and fluoride prepared by the Institute of Medicine of the National
Academy of Sciences and scheduled for publication this month, contains a number of
recommendations concerning fluoride that are cause for grave concern over their validity
for setting public health policy. This concern has been heightened by statements made by
speakers and panel members and their responses to queries at the recent September 23rd
workshop on the report held at the National Academy of Sciences.

We, the undersigned, regard the problem as so serious that we are requesting you 1o take
immed!iate steps to delete the fluoride section of the report and to have it re-addressed by a
panel that includes members of the scientific community who are not committed to promoting
or supporting fluoride use, What follows is a brief summary of the basis for our concern,

At the heart of the matter 1s whether fluorine, as fluoride (F7), should be ranked with
Ca, Mg, P, and vitamin D as an essential nutrient. In fact, there is no known essential
biochemical role for flucride in any animal, including humans. The formation of sound,
decay-resistant and caries-free teeth as well as strong, sturdy bones, whether 1n animal or
human populations, does not require fluoride, or at least not in more than minuscule, trace
amounts. As acknowledged by sources cited in the repont, even when a mother’s fluoride
intake is elevated, her milk is extremely fow in fluoride, but owing to prenatal accumulation,
her baby excretes more fluoride than it ingests from her milk, This fact clearly indicates that
any natural physiological need for fluoride, if indeed any exists, must be exceedingly small
and certainly far below that being recommended in the report.

At the September 23rd workshop, as recorded on videotape, fluoride was repeatedly
regarded by speakers and pane! members as an essential nutrient. But, toward the end, when
challenged on this key issue, Dr. Vernon R. Young, Chair of the Standing Committee on
the Scientific Evaluation of Dietary Reference Intakes, bluntly stated that fluoride should
not be considered as an “essential” component of the diet. Instead, wathout clarifying the
distinction, he insisted that it should be viewed as only a “beneficial element.”

The fact that fluoride 1s incorporated 1nto the mineral matrix of bones and teeth does
not make it an essential nutrient. Other elements hardly considered essential, such as lead
and cadmium, also accumulate in bones and teeth, and they are not regarded as beneficial
Obviously, if fluoride is nof essential in human nutrition, any consideration of it in terms
of an “adequate intake” is clearly not appropriate and should not be part of a “dietary
reference intakes” report,

An association of fluoride with reduction in denta! caries is cited as the basis for
recommending the various intakes of fluoride. At the same time, the report acknowledges
that most of the anti-caries effect attributed to fluoride occurs by topical exposure, not
through systemic ingestion. Moreover, large, whole-population studies not cited in the
report (e.g., in New Zealand) show that declines in tooth decay aver the last 40-50 years
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have been occurring independently of flucride exposure and use, thereby further
challenging current arguments for significant benefit from fluoride.

Without question, however, ingestion of even milligram amounts of fluoride during
infancy and early childhood can produce the unmistakable toxic effects of dental fluorosis.
This disruption of normal ename! formation is stated in the report not to be of “public
health significance” if the fluoride concentration in the drinking water is below 2 mg/liter
(2 ppm). But reports of disfiguring dental fluorosis with staining and pitting of the enamel
in areas with 1-2 ppm fluoride in the drinking water were evidently overlooked, despite the
claim at the workshop that the literature review was comprehensive and thorough.

Of even greater concern, in relation to public health, is the proposal in the report that only
the early stages of skeletal fluorosis are the appropnate criteria for fluoride intoxication. For
this purpose a tolerable upper level ingestion limit of 10 miltigrams of fluoride per day for 10
or more years in persons age 9 or older is proposed. But this level of intake is not tolerable,
and, according to the sources cited in the report, it can and does lead to crippling skeletal
flucrosis (Hodge, 1979). For young adults, assuming 50% retention of ingested flucride in
hard tissues, as stated on page 8-2 of the prepublication copy of the report, an absorbed intake
of 10 mg/day amounts to a yearly accumulation of 1.8 grams or over 50 grams after 30 years,
At this level debilitating skeletal flucrosis was observed by Raj Roholm in tus classic studies
of cryolite workers. But before this condition is reached, there are various pre-skeletal phases
of fluoride intoxication with serious health implications that arise from much lower levels of
wntake, especially when calcium and magnesium are marginal, an aspect not considered in the
report. Among these manifestations are increased hip-fracture among the elderly from
deterioration in bone strength and quahty (in agreement with long-term laboratory animal
studies), increased osteosarcoma in young males (also demonstrated in male rats), chronic
gastrointestinal irritation (reversible with decreased exposure to fluoride), and various
neuromuscular disorders whose connection with fluoride has been well confirmed in peer-
reviewed publications without convincing refutation. Recent studies showing decreased [Q
scores correlating with dental fluorosis (again backed up by laboratory animal research)
were also omitted from consideration.

When questioned at the workshop about these omissions, the speakers and the members
of the panel became defensive and were unwilling or unable to explain why such findings
had been excluded in setting the upper tolerance level of fluoride at 10 mg/day. From the
record of some of the commitiee members’ past promotion or support of fluoride use,
mcluding slow-release fluoride for treatment of osteoporosis {(known to produce abnormal
bone of inferior strength), these responses, although disappointing, are perhaps not {oo
surprising. But, in such an important matter, should not at least some balance of viewpoint
have been represented? As seen in the videotape (a copy of which has been sent to the
Academy) the attitude of some of the presenters and panelists toward those who cited
contrary data and questioned why such findings were not discussed can only be described
as condescending and demeaning

Today, with so many additional sources of fluoride present in processed foods,
commercial beverages, and dental care products that were not there when water fluoridation
began, the total intake of fluoride, even among children, has increased 1o as much as 2-5
milligrams or more per day, well above the initially proposed optimum of t mg/day (from
one liter of 1-ppm fluoridated water). With these higher levels of fluoride intake, dental
fluorosis and other toxic effects noted above have also increased.

We are sure that you would agree that it is immensely important to both the national
interest and the world of science that the publications of the National Academy of Sciences
maintain the highest standards of competence, objectivity, and integrity. In our view, _Uﬂh?SS
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the section on flucride is withdrawn from this report on essential nutrients it could seriously
threaten those standards. Therefore, we urge you to remove this section, and further request
that should the fluoride issue be revisited by the Academy at some time in the future, that
vou should ensure that the investigating panel includes independent scientists who are fully
conversant with the literature on the full range of flucride’s harmful effects.

Sincerely yours,

ALBERT W. BURGSTAHLER, Ph.D. (Organic Chemistry and Environmental Fluaride),
Professor of Chemistry, The University of Kansas*, Department of Chemistry, 4035 Malott
Hall, Lawrence, Kansas 660435,

ROBERT 1. CARTON, Ph.D. (Environmenta! Sciences and Risk Assessment), Former Risk
Assessment Manager for the Office of Toxic Substances, U.S. Environmental Protection
Agency. Mailing address: 2455 Ballenger Creek Pike, Adamstown, MD 21710

PAUL CONNETT, Ph.D. {Environmental Chemistry and Toxicology), Professor of
Chemistry, St. Lawrence University™, Department of Chemistry, Canton, New York 13637,
RICHARD FOULKES, B.A M.D. (Physician). Former Consultant to the Minister of Health,
Province of British Columbia, Canada. PO Box 278, Abbotsford, B.C., Canada V25 4N9.

J. WILLIAM HIRZY, Ph.D, {Chemustry and Risk Assessment). Sentor Vice President,
National Federation of Federal Employees®, Local 2050, P.O. Box 76082, Washington D.C,
20013.

ROBERT L. ISAACSON, Ph.D, (Neurobehavioral Science). Distinguished Professor,
Department of Psychology, Binghamton University*, Binghamton, NY 13902-6000,
DAVID C. KENNEDY, D.D.S, (Dentist). Past President of the International Academy of
Oral Medicine and Toxicology*, 3243 Madrid Street, San Diego, CA 92110.

HAROLD D KLETSCHKA M.D| F A CS, (Cardiovascular Surgeon). Past military
consultant in thoracic and cardiovascular surgery to the U.S. Air Force Surgeon General and
the Surgeon of Headquarters Command, Washington, D.C. Founder and first Chief of the
USAF Cardiovascular Research Center (Parks Air Force Base, CA). Former Chairman,
President and CEQ of Bio-Medicus, Inc Mailing address: 1925 Noble Drive, Minneapolis,
MN 55422-4158.

LENNART KROOK, D. V.M, Ph.D., (Pathology). Cornell University*, Emeritus Professor
of Pathology, New York State College of Veterinary Medicine, Ithaca, N.Y. 14853-6401.
RICHARD A. KUNIN, M.D., Prestdent, Society for Orthomolecular Health Medicine, 2698
Pacific, San Francisco, CA 94115

JOHN R. LEE, M.D. (Physician}, 9620 Bodega Highway, Sebastopol, CA 95472,
WILLIAM MARCUS, Ph.D., (Toxicalogy).

GENE W. MILLER, Ph.DD, (Biochemistry and Toxicology). Former Head of Biology,
Associate Dean of Science and Dean of Environmental Science, Utah State University*,
Emeritus, College of Science, Department of Biclogy, Logan, Utah 84322-5305,

PHYLLIS MULLENIX, Ph.D. (Pharmacclegy and Neurotoxicology). Former Head of the
Department of Toxicology, Forsyth Dental Center*, Boston. Research Associate, Department
of Psychiatry, Children’s Hospital*, Boston. Mailing address: P.O. Box 753, Andover, MA
G1810,

ALBERT SCHATZ, Ph.D. (Microbiology). Former Professor of Science Education, Temple
University*, Philadelphia, PA.

* These affiliations are listed for identification purposes only and do not imply endorsement
of this letter by the institutions involved.
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Sixteen weeks later the following letter was sent, also receiving no reply or acknowledgment:

February 4, 1998

Kenneth I. Shine, M.D.
President, Institute of Medicine
National Academy of Sciences
2101 Constitution Ave NW
Washington, DC 20418

Dear Dr. Shine:

Last October my co-signers and I sent to Dr. Bruce Alberts the enclosed joint letter
concerning the fluoride recommendations in the impending publication by the National
Academy Press of the report on Dictary Reference Imakes for Calcium, Phasphorus,
Magnesium, Vitamin D, and Fluoride. Although we do not understand why we have not
received a reply, we trust that our letter was brought to the attention of the Food and
Nutrition Board of the [nstitute of Medicine for appropriate action.

When we submitted our letter we were under the impression that the position of the
Food and Nutrition Board on the questions we raised was not yet settled. We have since
learned, however, through the publication of the full text of the Summary of the report in
the September/ October 1997 issue of Nutrition Today, pp. 182188, that the upper level
intake and other recommendations for fluoride had already been officially submitted for
general distribution, even at the time the September 23rd workshop on the report was
held at the Academy.

Does the appearance of the pre-publication version of the report Summary in that issue
of Nutrition Today (which only reached our science library here on November 13) mean
that the Food and Nutrition Board still considers an intake of 10 milligrams of fluoride per
day {Table §-6) to be a tolerable upper level for persons over age 9 without significant risk
of serious adverse health effects?

What is especially troublesome about the Board's position on this matter is that it
explicitly and emphatically contradicts the recently published views of the most
distinguished and long-time fluoride expert member of the Panel on Calcium and Related
Nutrients - Professor Gary M. Whitford of the Medical College of Georgia. In the second,
revised edition of his widely-cited monograph on The Metabolism and Toxicity of Fluoride
{Karger, Basel, 1996), he states on page 138 (copy enclosed):

“Most estimates indicate that crippling skeletal fluorosis occurs when10-20 mg
of fluoride have been ingested on 2 daily basis for at least 10 years.” With this
clinical condition, he notes, * ... bone ash fluoride concentrations generally
exceed 9,000 ppm. Calcification ofligaments often precludes joint mobility and
numerous exostoses may bepresent, These effects may be associated with muscle
wasting and neurological complications due to spinal cord compression.”

Why do the recommendations of the Food and Nutrition Board on this eritical matter
contradict these well-considered views of the leading fluoride expert on the Board’s Panel
on Calcium and Related Nutrients? Clearly, a fluoride intake level that produces “crippling
skeletal fluorosis™ can hardly be regarded as tolerable and certainly should not remain
uncorrected.

Although it is widely believed that “. . crippling skeletal fluorosis has not been and is not
a public health problem in the USA” (Whitford, op. cit., page 137), the same cannot be said
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of the situation in other parts of the world, e.g., in China, India, the Middle East, and Africa,
where crippling skeletal fluorosis is still a serious endemic health problem—even at less than
10 mg/day fluoride intake. Moreover, in the absence of sufficient numbers of contemporary
biopsy and necropsy bone fluoride analyses, it is very unwise to assume that little or none of
the extensive middle and old-age osteoarthnitis that plagues so many people in the United
States is not an undiagnosed manifestation of various stages of skeletal fluorosis.

In this connection it is important to note that otherwise unexplained intermittent episodes
of gastric pain and muscular weakness have been clinically linked in areas of endemic dental
and skeletal fluorosis to fluoride intakes as low as Z to 5 mg/day (ref. 1). These peer-reviewed
reports fully validate earlier clinical findings of the occurrence of these very same and related
effects in fluoridated communities in the United States and other countries which have been
discounted or ignored without scientific refutation {ref. 2).

Today, when many officials at all levels in our government seem to have difficulty in being
forthright and admitting what is true, it ill behooves us as scientists nof to tell the public what is
known to be true, whether or not it agrees with what 1s generally accepted as true. “For truth is
truth, though never se old, and time cannot make that false which was once true.” (ref. 3),

Because the recommendations of your report on Dietary Reference Intakes for Calcium,
Phosphorus, Magnesium, Vitamin D, and Fluoride have been released to the public before
correction of the serious errors and oversights pointed out here and in previous communications
to the Food and Nutrition Board, T presume there is no objection to this letter being made part
of the public record.

Yours sincerely,

Albert W._ Burgstahler, Ph.D.
Professor of Chemistry

Enclosures. Copy of October 15, 1997 letter to Dr. Bruce Alberts

Page 138 of the 2nd, revised edition of The Metabolism and Toxicity of Fluoride
Copy: Bruce Alberts

Gary M. Whitford

Co-signers of October 15, 1997 letter to Dr. Alberts
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158 NEW EVIDENCE ON FLUORIDATION - Discussion

The following critical letters were published in the Ausimlian and New Zealand Journal
of Public Health (Vol.21 Nos. 3 and 5 1897} following publication in that journal of
NEW EVIDENCE ON FLUORIDATION, by M Diesendorf, J Colquhoun, B J Spittle,
N E Everingham and F W Clutterbuck (reprinted in Fluonide Vol.21 No. 3 pages 179-185
August 1997). The authors’ response to the critiques is on pages 166-169 of this issus
{published in Australian and New Zealand Journal of Public Heafth Vol.22 No.1 1998).

NEED FOR EVIDENCE ABOUT FLUORIDATION

I was disappointed to see that the recent article on fluoridation, which purports
to look at new information published since 1989, references only articles that
agree with the authors’ viewpcint.! As this is a supposedly contentious area,
there must be some studies that do not support their viewpoint, and not all of
these can have been published before 1989. To test this idea I did a simple search
on Medline, using the search strategy fluoride (or flucridation) and hip fractures,
and fluoride (or fluoridation) and osteosarcoma, these being two of the areas
mentioned. I restricted my search to articles published from 1986 onwards.

These simple searches turned up five articles on osteosarcoma and fluoride
exposure?® and three on hip fractures and fluoride exposure’-9 thar were not
referenced by the authors. All eight of these found no association with fluoride.
What is more, some of them were case-control studies and one was a cohort
study, so should provide more reliable evidence than the ecological studies cited
of whether or not there was an association. This is because both fluoride intake
and the ocutcome were measured on individuals rather than populations. [ am
sure that more thorough searches would have found more articles, not all of
which would agree with each other. Inclusion of these articles in the review could
well have changed the conclusions.

It is well known that traditional reviews are subject to all sorts of biases. A
recent series of articles in the BMJ points out the problems with traditicnal
reviews, and locks at the advantages of systematic reviews that, despite some
problems, present a more realistic view of a problem.'%*7 The object of a
systematic review is to specify a series of steps so that if other people do the
same review they will get the same answer. This article seems to be loaded with
more than the normal amount of bias, because the authors selected only articles
that agree with their hypothesis, although they do not openly say this. It is a pity
that the authors, in spite of saying that they ‘hope that at least some kind of
scholarly debatre will ensue’ could not provide a more solid foundation as a
starting point,

Peter Herbison
Department of Preventive and Social Medicine
University of Otago, Dunedin, New Zealand
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EVIDENCE ON FLUORIDATION

We read with some concern the article by Diesendorf et al., entitled ‘New
evidence on fluoridation’. The article purports to be a review of recent scientific
literature and claims this ‘reveals a consistent pattermn of evidence’ pointing to the
existence of ‘causal mechanisms by which fluoride damages bones’. The authors
appear, however, to have considered only the literature that supports their point
of view, and we are concerned that, as a result, the article does not present an
accurate picture of this emotive issue to an uninitiated reader.

When an attempt is made to evaluate causality, a number of key issues have
to be considered. The first, and possibly most crucial stage, is to ensure that such
an evaluation takes into account all of the available scientific evidence. Any
review must be comprehensive, with all of the literature on a given topic
considered and evaluated with respect to the quality of the study and the validity
of the results. There are then two main questions to consider, First, if there does
appear to be an association between an exposure and ill-health in a particular
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study, is this association real? Or could it be an artefact, due to chance, bias or
confounding? Certain types of study allow us to rule out the possibilities of
confounding with a greater or lesser degree of certainty. In ecological studies,
where comparisons are made between for example, populations rather than
between individuals, it is almost impossible to rule out confounding as a possible
explanation for an observed association. If two areas differ in one particular
aspect, with respect to the use of water fluoridation, for example, they are also
likely to differ in other ways that could equally well explain any apparent health
differences between the areas. It is also impossible to relate exposure and the
occurrenice of ill-health in the same individuals. Case-control studies overcome
this latter problem but can still be affected by issues of bias and confounding,
While, in the absence of intervention studies, prospective cohort studies offer the
strongest evidence for or against an association.

Only if we are fairly confident that a real association dees exist can we then
go on to consider whether or not this asscciation is likely to be causal. Factors
that can influence an evaluation of causality include: the strength of the
association (a strong association is much less likely to be due to bias or
confounding than a weak one); its consistency across a range of different studies
in different populations; evidence that exposure really did precede the
development of disease; and an increasing risk of disease with increasing level of
exposure. A biologically plausible mechanism whereby, the exposure could cause
disease, and supporting data from experimental systems, lncluding animatl
studies, can also influence the conclusion.

Our major concern about the article by Diesendorf et al. is that it appears to
discuss only those studies that have reported a positive association between
water fluoridation and ill-health. Studies that found no association are summarily
dismissed because of either limited sample size or because the women studied
were not exposed to fluoride before the menapause.

The authors cite five ecological studies that report higher rates of hip fracture
in areas with higher levels of fluoride in the drinking water?% and a single
prospective study.” This latter study followed only 827 women, who experienced
a total of 86 fractures, and compared an area with high fluoride (4 parts per
million (ppm}: that is, more than four times the levels recommended for
fluoridation) and low calcium levels with a control area with fluoride levels
compatible with fluoridation (1 ppm) and normal calcium levels.

In addition to several earlier ecological studies that reported either no
association or a negative association between fluoride levels in water and
fracture, three recent ecological studies have also reported no association819 as
have another two prospective studies.''-12 The majority of these studies are more
recent and each had a larger sample size than one of the studies cited above.3 In
addition, two of the three ecological studies included younger subjects (aged 45
or 50 upwards, compared with a minimum age of 65 in most of the studies
above), who would have been more likely to have been exposed to fluoride
premenopausally. Thus, the evidence for an association is clearly not consistent
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and the newest data do not appear to support the view that water fluoridation
increases the risk of fracture.

A similarly one-sided view is presented of the potential association between
fluoridation and osteosarcoma. Diesendorf er al. cite two reports, not peer-
reviewed articles, of ecological studies that show an increased risk of
osteosarcoma in young men.'34 At least ancther four ecological studies 1518 and
three case-control studies 1921 have, however, been published since 1990, and all
of these show either no association or a potential protective effect of fluoridation
0N OStE0SarcoIma.

Diesendorf et al. strengthen their argument by reference to the data from the
United States National Toxicology Program, which showed an increase in
osteosarcoma in male rats exposed to high levels of fluoride in their drinking
water but not in female rats or mice.22 The second paper that they cite does not,
however, support their argument, concluding that Tesults from this study
indicate that NaF is not carcinogenic in Sprague-Dawley rats’.23 The results of the
National Toxicology Program study have not been confirmed by other studies
and, although they cannot be completely discounted, they cannot be used to
prove carcinogenicity.

In summary, therefore, the authors have not met the prime critedion for a
valid review because they have not considered all of the available scientific
evidence. When this is done it becomes clear that there is little reliable evidence
on which to base an evaluation of causality because many of the available data
come from ecological studies. These can provide only very limited evidence for or
againsi causality, because it is impossible to rule out confounding in this type of
study. Furthermore, what evidence there is does not meet any of the Bradford
Hill criteria for strength of assaciation, consistency or dose-response.

We agree that, at high levels, fluoride does cause damage to bones, but
maintain that there is no good scientific evidence to suggest that it does so at the
levels to which people are exposed when drinking flucridated water. Many other
chemicals are beneficial at low concentrations but harmful when taken in excess.
We wholeheartedly support the authors’ desire for scholarly debate on the issue
but request that such debate should indeed be scholarly and, as such, should
consider the whole picture.

Penelope M Webb and Ken Donald
Department of Social and Preventive Medicine
University of Queensland, Brisbane
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Led

The Australian Dental Association Queensland Branch is deeply concerned about
your decision to publish the paper written by Drs Diesendorf, Colquhoun, Spittle,
Clutterbuck and Everingham.’

Diesendorf et al. are noted anti-fluoridationists whose research work was
severely criticised by Australia’s National Health and Medical Research Council,
in their report, The effectiveness of water fluoridation.?

The publication of such a mischievous article, which we are confident wiil
draw cnticism from the academic community, was irresponsible because an
opportunity was not provided to balance the controversy and give the full facts
on fluoridation of public water supplies. News stories in the popular press show
how much damage is being caused by publication of the article in your journal.

Our branch is currently campaigning to introduce the well-proven health
measure of fluoridation to the Queensland community. Besides the proven health
benefits of water flucridation as a safe, equitable and cost-effective public health
intervention, the branch estimates that Queenslanders could save more than $20
million in unnecessary, dental treatment if this measure is introduced.

It would be our hope and expectation that you will counter the effect of the
article with responsible refutation of the anicle and publication of articles
supportive of water fluoridation.

Pat Jackman

President, Australian Dental Association
Queensland Branch, Brisbane,
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REVIEW OF EVIDENCE ON FLUORIDATION
I refer to the recent article on water fluoridation, ‘New evidence on fluoridarion’.}

I am surprised that a reputable scientific journal has not checked the veracity of
statements made in articles it publishes.

The article appears to be a mix of review of the scientific literature and
commentary on water fluoridation. The review is selective and presents more of
the scientific literatuwre that suggests adverse effects of fluoride on health than
that indicating inconclusive or positive findings.
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In examining whether this article adds any new information to the
accumnulated research on water flucridation, I have considered the report by the
Public Health Commission, Water fluoridation in New Zealand {(PHC report)
which is referenced by the authors.? This is a technical report, published in 1994,
which analysed the published literature on fluoride, water fluoridation and
fluoride’s effect on oral health status.

The Jacqmin-Gadda et al. reference is a letter to the Journal of the American
Dental Association.® The letter reported a comparison of hip fracture rates in
areas with water fluoride levels above and below 0.11 mg/L. It is the only study
referred to by the authors, and published since the PHC report, that shows higher
rates of hip fracture with higher water fluoride levels. A critical appraisal of the
canttent of this letter shows dubious intemal validity, as confounding variables
known to affect osteoporosis and hip fractures were not considered. The results
may be due to these other factors, such as dietary calcium intake, ethnicity, bone
age, rather than fluoride intake. Daily individual water intake was not assessed,
and data on water fluoridation levels were available only from 1991, Fracture
history was self-reported. | wrote to the authors requesting a copy of the report
to enable complete critical appraisal and peer review to ascertain the significance
of the findings. They replied that no report was available because the study was
still in progress.

I am uncertain of the validity of the assertion, used to reject the study of post-
menocpausal women, that ‘fluoride would be expected to affect bene most before
menopause’. 1 In general, fluoride accumulates in the skeleton with age. [ would
also dispute the assertion that ‘low levels of fluoride ingested for several decades
can cause . . . skeletal fluorosis. Tt is very unlikely that in developed countries
skeletal fluorosis would be associated with exposure 10 1 part per million of
fluoride in the absence of high long-term intake and/or metabolic susceptibility.?

Diesendorf et al. assert that:

In three to four decades when people in areas where water is artificially
fluoridated have accumulated fhuoride in their bones from birth to old age, the
increase in skeletal fluorosis will be larger.

If this is true, then the rates of hip fracture should be higher already in older
people in naturally fluoridated communities than in unfluoridated communities.
The authors present no information on this.

The PHC report comments on studies indicating that there is an association
between water fluoridation and osteosarcoma. The toxicological evidence is
referred to in the PHC report as ‘weak and inconclusive’. Diesendorf et al. have
no evidence that alters this summary.

There is alsc no mention of studies published since 1994 that have
inconclusive findings or do not support the evidence cited of an association
between fluoride and adverse effects on bone.

New Zealand and Australian references in the PHC report that show a
difference in prevalence of dental caries associated with fluoridation are not
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mentioned by the authors. The greater benefits of fluoridadon for lower socio-
economic groups are alsc not acknowledged.

Health agencies and professionals within New Zealand believe, on the basis of
present evidence, that water fluoridation is a safe and effective strategy for
protecting and improving health status and, in particular, in reaching those
groups most at risk of dentat decay.

It is not practical to respond to all the claims of the authors within the scope
of a letter; these have been amply detailed elsewhere. Reports of independent
experts in retevant fields of medicine, epidemiology, oral health and water
engineering have been unanimous that benefits of water fluoridation ourweigh
any {very small) potemial risks. Research studies on the safety of safety of water
fluoridation have been reviewed repeatedly by intermnational and Australasian
experts, including World Health Organization expert group.* The conclusion of
all these reports is uniform. There are no significant health risks associated with
water fluoridation at optimal levels. Mortality rates and health statistics (other
than for oral health) in fluoridated and unfluoridated communities are similar.

The New Zealand Ministry of Health has data on dental decay rates that show
a real difference between fluoridated and unflucridated areas, with children who
have access to fluoridated water having lower rates of dental decay. There is no
evidence of significant adverse effects on health from water fluoridation at the
fevel recommended for New Zealand water supplies (0.7 to 1.9 mg/L).

Water flugridation has been shown to provide significant benefits to oral
health, particularly for disadvantaged people. Latest research shows it is effective
in reducing roor caries.* Water fluoridation is of benefit to everyone with
natural teeth.

Gillian Durham

Director of Public Health
Ministry of Health
Wellington, New Zealand
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FLUORIDATION AND BONES: AUTHORS' RESPONSE TO CRITICS

In our article ‘New Evidence on Fluoridation’ we referred to recently pub-
lished comprehensive data which indicate an association between fluoridation
and damage to bone (hip fracture, skeletal fluorosis and possibly osteo-
sarcoma).! We pointed out the limitations of some other studies which reported
no such assoclation. We then drew attention to other relevant studies which
support a causal explanation for the association.

We reject the charge levelled at us in the June issue by Herbison, and by
Webb and Donald, that we cited only studies which support our view.23 That
charge is more fairly directed at the extensive pro-fluoridation literature. For
example, Webb and Donald in their submission supporting fluoridation of
Drisbane’s water supply, excluded any mention, in either their text or their
reference list, of the fact that fluoride accumulates in bones and reaches levels
consistent with widely recognised adverse effects - an important aspect of
causality which we note they alsc omit in their attempt to eriticize our article.
They likewise excluded all studies reporting harm from fluoride published in
Fluoride, journal of the International Society for Fluoride Research. They also did
not cite a single original paper reporting skeletal fluorosis in areas naturally
fluoridated at concentrations between 0.7 and 2.5 parts per million. A 1990
review by one of us (MD)% examined nine such papers from five countries.5-14
That information is very relevant to the issue of causality.

Our lengthy reference list could not possibly include all published studies, but
cited representative ones, which is the usual convention. We also did not cite a
recent paper reporting a positive correlation between fluoridation and hip
fractures, which supported our assessment.’d

Qur critics seem to hold a naive belief that conclusions can be based on the
quantity, rather than the quality, of published papers on controversial issues.
They list studies that, in their view, counterbalance the comprehensive data on
which we based ouwr conclusion that fluoridation should be discontinued. Such
publications do not nullify the compelling evidence of harm represented by the
comprehensive data we reviewed. In any case, even if the evidence is conflicting,
so that conclusions remain in dispute, the precautionary principle is itself
grounds for discontinuing the mass uncontrolled fluoride dosing of entire
populations.

We wonder why our critics do not apply the same stringent requirements for
proof of causality that they seem to apply to evidence of harm from fluoride to
the many flawed studies claiming a fluoride dental benefit. At the Brisbane Lord
Mayor’s Taskforce on Fluoridation, Professor Donald was asked that question
and replied that he had not examined the fluoridation studies because he had
never been asked to. We wonder how many other professors at medical schools
continue to advocate fluoridation without examining the evidence for it.

An examination of the quality of some of the studies our critics cite to
support their case is revealing. They include two studies, which their authors
claim suggest that fluoride may be protective against the rare bone cancer,
osteosarcoma (which we pointed cut has increased among young males aged 9
to 15 years in fluoridated areas of America, but not in unfluoridated areas).16.17
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One of these studies, from the dental literature, was based on only two cases, of
unstated age and sex, who spent more than a third of their life or childhood in a
fluoridated area, and seven cases, also of unstated age and sex, who spent less
than a third of their life or childhood in a fluoridated area.'® In the other study,
which appeared to suggest a protective effect from fluoride, the study design
was based on an assumption that osteosarcoma victims would require (if
ingested fluoride was the cause) higher fluoride exposure than those without the
disease.’? The possibility that such victims might be more susceptible to equal
or smaller fluoride exposures was not considered. A critical review of that report
was not cited by our critics.18

Other studies they cited do not, on close examination, support their claim of
no fluoride/osteosarcoma link.19-2% For example, Hrudey et al. admitted that
their data from small populations ‘do not allow any definitive conclusions about
the role of fluoridation as a risk factor for asteosarcoma in humans’.'? The claim
of Mahoney et ol., of no difference in bone cancer incidence between fluoridated
and unfluoridated areas of New York State, can be disputed on the grounds that
the authors failed to consider male rates separately.2® The Moss et al. study did
not calculate the water fluoride-osteosarcoma asseciation for 10- to 19-year-old
males, the age-sex group for which the association has been reported.?! It
combined both sexes for its two age groupings (under and over 45 years) and
combined all ages for its female and male calculations.

Two studies that they described as ‘ecological” were claimed by Webb and
Donald to show no osteosarcoma-fluoride association.2223 The first, a letter to
editor by Cook-Mozaffari et al., simply expressed the same opinion of our critics,
and presented no new evidence.”” The other does not deal with osteosarcoma at
all, but reported instead that water fluoride reduces human male fertility.23

Another study, claimed by Herbison to counteract our cobservations on a
possible fluoride/osteosarcoma link, is a wery good study by an eminent
researcher and his associates, but is irrelevant to this discussion because it deals
with male and femnale adult workers exposed to fluoride, not with young males
growing up in fluoridated areas.<4

Other studies discounting an asscciaticn between fluoride and hip fracture
(for example, that of Jacobsen et al. 19932%)are of doubtful value because, as
we pointed out in our article (citing a review 28}, many are of small samples or
the women were not exposed to fluoride before menopause. The same applies to
the more recent Cauley et al. study: of the 41 hip fracture cases aged 65 or over,
only four had lived more than 10 years in a fluoridated area.?’ The study by
Suarez-Almazor et al. compared one fluoridated and one unfluoridated Canadian
city.?® It is true that this study did not find more hip fractures in women in the
fluoridated area, as other studies have done. However, it did find significantly
more hip fractures in men in the fluoridated city. The authors of another recent
study cited by our critics (Karagas et al.), stated: ‘Our findings with respect to
water fluoridation have important limitations, however.?? These limitations
included: ‘Fluoride exposure was assessed at the time of fracture and thus does
not necessarily reflect exposure during what may have been a more relevant
time period (for example, during peak bone formation)’.
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The recent Finnish study which our critics cited reported no differences in
the prevalence of female fractures in its fluoridated and nonfluoridated
groups, and slightly higher (1 to 2.6 per cent) bone mineral density in women
exposed to fluoride for more than 25 years.3® However, the fluoride-exposed
women were younger, more physically active, and more likely to use hormone
replacement therapy.

Our other critics, Pat Jackman of the Dental Association and Gillian Durham
of the New Zealand Ministry of Health, objected to our views even being pub-
lished, but added nothing of substance to the debate.31,32 However, we thank
our critics for contributing and hope the debate continues in a scholarly manner.,

Mark Diesendorf
Institute for Sustainable Futures
University of Technology, Sydney

John Colquhoun
Honorary Research Fellow, School of Education
University of Auckland

Bruce Spittle
Department of Psychological Medicine
University of Otago Medical School, Dunedin
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170 REPCRT ON SYMPOSIUM

PUBLIC HEALTH GOAL FOR INGESTED FLUORIDE
David Kennedy? and William HirzyP

On June 19-21, 1998, the International Academy of Oral Medicine and
Toxicology (IAGMT) co-hosted a symposium as a final step in developing a
public health goal (PHG) for ingested fluoride. We firmly agree with the
findings of the November 1997 Canadian Dental Association conference on
fluoride drops and tablets which found “no reliable sclentific evidence of
significant dental benefit from ingested fluoride.” The IAOMT has received
scientific input for this PHG from more than a dozen sources. Adverse health
effects demonstrated were: fluorosis; cancers; genetic damage; bone pathology;
trans placental and brain transport; histological brain, artery, and kidney damage;
and neuroclogical impairment.

The Environmental Protection Agency (EPA) Guidelines for Carcinogen Risk
Assessment recommend using a multistage model procedure and linearized
upper bounds for low-dose extrapolation in developing quanthtative dose-
response assessments, The degree of multistage polynomial fitted to the data
was selected by the GLOBAL 86 program. Reference doses (RfD) are calculated
from animal experiments (cow, rat) and a human study from the peer reviewed
literature. Modifying factors of 10 for each condition of uncertainty factor were
used for animal to human conversion, human wvarations in sensitivity,
conversion from lowest-gbserved-adverse-effect level {(LOAEL) tc no-observed-
adverse-effect level (NOAEL), and severity of effect (diminished 1Q, brain
damage, abortion rate and calf death).

The resulting PHG is calculated at 1 x 10 mg/kg-day (human) and 1.5 x 10
mg/kg-day (cow) and 7 x 10® mg/kg-day (rat). Current human exposure in
fluoridated communities may exceed 7 x 10 mg/kg-day. This risk assessment
raises serious concerns about the pervasive over-exposure to fluoridated drinking
water, flucrine-containing foods, beverages, pharmaceuticals, time-release dental
cements and fillings and oral care products.

& Past-President, international Academy of Oral Medicine and Toxicology.

b Senior Vice-President, Chapter 280 National Treasury Employees Union, (Representing
Headquarers Professionals, US Environmental Protection Agency).

CORRECTION .
On page 116 of the last issue of Fluoride (Vol 31 No. 2 1998), in the reference list
to the article “Why I changed my mind . . .”, reference no. 17 had wrong page

numbers (“301-308" instead of the correct 59-66. Thus the correct reference is:

17  Teotia SPS, Teotia M. Dental caries: a disorder of high fluoride and low dietary
calcium interactions (30 years of personal research}. Finoride 27 55-66 1994
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FLUORIDATION IN EUROPE

1 have been engaged in scientific and political work on water fluoridation for
30 years. During this time I have analysed many fluoridation studies, published
scientific papers, lectured on this subject at international conferences and
congresses, was nominated as an expert in official hearings, and have discussed
the problem in panels, in newspapers, on radic, and on television.

I would now like to inform your readers about the present stage of development
of water fluoridation mainly in Europe since the resolution of the WHO in 1969:

1. The World Health Assembly (WHA) adopted Resolutions in 1969 (WHA22.30),
in 1975 (WHAZ28.64), and in 1978 (WHA31.50) which recommended that
Member States introduce community water fluoridation as a safe, inexpensive
and effective measure, and urged Member Siates to consider fluoridation of
public water supplies as part of their national plans for the prevention and
control of oral disease; and it suggested that, where community water fluori-
dation is not feasible, alternative methods of achieving optimum daily intake or
application of fluorides should be envisaged.

These Resolutions are promoted by the International Dental Federation
(FDID),! which prepared the Report by the Director General of the WHO, and
backed up by Public Health Officials with their National Dental Organizations.2:3
The FDI first recommended water fluoridation in 1951.4

2. Scientific analyses of water flucridation studies and experiments show that
none of them can actually prove any caries prophylactic effect of fluoride.547 The
“caries reductions” reported by dentists were undoubtedly constructed by dentists
(e.g. in the 21-cities-study by H T Dean et al (1942) or in the Grand Rapids/
Muskegon Study by F A Arnold Jr and J W Knutson et al (1950-1962)) or are the
result of influences other than those of flucrides. The dentist J W Knutson,
Assistant Surgeon General, Chief Dental Officer, US Public Health Service, was
engaged as an expert of the WHO in the expert committee 1957 48 and an
Adviser Member of the Health Assembly in 1969.2 In my opinion the dentists in
the WHO whe recommended water flucridation as safe, inexpensive, and
effective, are not competent in this field of science because the problems are
statistical and epidemiological and not problems of dentistry. The dentists in the
WHO defend dogmatism instead of relying on facts. It is impossible to prevent
and control oral disease by water fluoridation.

3. Whereas the WHO and WHA recommended the introduction of community
water fluoridation in 1969, 1975, 1978, water flucridation was stopped in some
of the European Member States of the WHO.4® The reason for these cessations of
water fluoridation was not a political one, but the consequence of scientific
discussion of its effectiveness and side effects. Water flucridation was stopped in
the following States: Federal Republic of Germany®? {(introduced 1952, stopped
1971); Sweden (introduced 1952, stopped 1971); Netherlands>1-93 (introduced
1953, stopped 1976); Czechoslovakia®?® (introduced 1958, stopped 1988/90);
German Democratic Republic4® (introduced 1959, stopped 1990 (Spremberg
1993)}; Union of Soviet Socialist Republics4? (introduced 1960, stopped 1990);
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Finland4® (introduced 1959, stopped 1993); outside Europe: Japan4? (intro-
duced 1952, stopped 1972).

In Europe more than 53 million people who had water fluoridation for many
years are now free from it.

4, Dentists and WHQ experts have predicted a very large caries increase (“a tide
of caries™} after termination of fluoridation.4® Analyses of the data, however,
reveal a significant decrease in dental caries (caries decline} after suspension of
water fluoridation in Japan,*95% in the Netherlands,5% in Prague,49.58 in the
German Democratic Republic,#® and elsewhere. Never has any real increase in
dental caries been observed after water flucridation was discontinued.

Furthermore, many fluoride tablet measures were stopped also. In Graz23
(Austria), for instance, the dental caries of children had increased during the
fluoride tablet actions in schools since 1956 and decreased after the stop in 1973,

Rudolf Ziegelbecker
Peterstalstrasse 29
A-B8042 Graz; Austria

Tel/fax +43-315-471128
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ENVIRONMENTAL FLUORIDE POLLUTION:

HEALTH EFFECTS OF FLUORIDE POLLUTION CAUSED BY COAL BURNING
IN CHINA, 1. FLUQRIDE EXPOSURE OF RESIDENTS RESULTING
FROM INDOOR COAL BURNING

M Ando,' M Tadano,! $ Asanuma,? K Tamura,? & Matsushima,* T Watanabe,*
T Kondo,® S Sakurai,® R Ji,” C Liang” and S Cao’

' National Institute for Environmental Studies, Tsukuba, Japan; 2Japan Institute of Rural
Medicine, Usuda, Japan; ? National Institute for Minamata Disease, Minamata, Japan; 4 Saku
Central Hospital, Usuda, Japan; ®Matsumoto Dental College, Shiojiri, Japan; °Otsuma
Women's University, Tama, Japan; "Chinese Academy of Preventive Medicine, Beijing, China

The emission from coal combustion 1s one of the major indoor air pollution sources
in China exhibiting sericus toxicological effects on the residents. In some rural areas in
southern China, for example, a large number of fluoresis patients are found as a result of
exposure to fluoride {F) emissions from combustion of high F-containing coal. These
residents bumn coal as a source of energy for heating and cooking and drying food. In these
restdents, therefore, F exposure occurs not only through inhatation of F-contaminated air,
but alse through ingestion of F-contaminated food. An international cooperative study has
been conducied to assess the health effects of such exposure on those residents.

The study included determination of total exposure to F by rural residents through
inhalation and food ingestion. High concentrations of the pollutant were found in the indoor
air of coal burning families. The indoor airtborne F is also absorbed into stored food, such as
corn and chili. Urinary F levels of the residents were much higher than those of the residents
in non-poliuted areas in China and in Japan. The prevalence of flucresis among the residents
was found te be extremely high. In the residents living in the study areas, urinary
deoxypyridinoline, an important biochemical marker of bore resorption, was much higher
than that in the healthy residents in Japan. Therefore, it is suggested that bone resorption
was markedly stimulated in the residents under study and that F may stimulate both bone
resorption and bone formation.

Since indoor airtborne F czused by combustion of coal is easily absorbed into stored
food, and ingestion of F-contaminated food is & main source of fluoride exposure,
development of technological measures to reduce airborne F is essential for the prevention
of serious fluoresis in China.
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CHRONIC FLUQRIDE POISONING IN RURAL AREAS OF JIANGX! PROVINCE,
CHINA. 1. FLUORIDE CONCENTRATION S IN FOODS AND INDOOR AIR
K ltai,' S Oguri,’ M Nohara,' § Nakaya,' M Tatsumi,’
T Onoda,' H Tsunoda® and X Wu?

! Depariment of Hygiene and Public Health, Iwate Medica! University, Morioka, Japan, and
? National Engineering Research Center for Urban Pollution Control, Tongji University, China

In neighboring rural areas of Pingxiang City in Jiangxi Province, China, indoor air was
polluted by fluoride (F) caused by combustion of coal in the kitchen room. A high prevalence
of dental fluorosis was reported. To investigate the relationship between the residents’ F body
burden and dental fluorosis, F concentrations of drinking water, food, indoor air, urine, and
scalp hair were determined. The prevalence of dental fluorosis was also studied,

Nine sites were selected to sample food and indoor air. Staple food of these areas was
callected. Fluorides in the air were separated into particulate and gaseous forms. The food
samples and filters were sealed in polyethylene bags and brought back to our laboratory in
Japan. All samples were measured by an apparatus developed in our laboratory. Particulate
soluble F concentrations in the indoor air of kitchen rooms ranged from 1.3 pg/m’ 10 6.1
ng/m’, and gaseous F concentrations ranged from 0.33 pg/m’to 8.8 pg/m’. The percentage
of the particulate soluble F -was 31.4 - 80.9%, whereas gaseous F was 19.1%- 80.9% of
total F, respectively. Fluoride concentrations of food were almost always below 10 pg/g.

FLUORIDE TRANSFER CONTRIBUTING TO FLUOROSIS
IN PINGXIANG REGION [N JIANGXI, CHINA

C Chen, Y Xiao, M Lin and Y Chen
Jiangxi Institute of Labor Hygiene and Occupational Medicine, Nanchang, China

In order to find out how to prevent air pollution—dependent fluorosis in Pingxiang
Region, Jiangxi Province, China, we studied the environmental geology and determined the
tevels of fluoride (F) in soil and water.

The results showed that the region is characterized by semi-moist aluminum and ferrum-
rich geochemical environment, where F is abundant in neutral and acidic soils. This F-rich
soil is the residents’ main source material for mixing with coal and making bricks and tiles.
Large amounts of toxic substances including F, sulfur dioxide, and polycyclic aryl
compounds are emitted as the coal-soil mixture is burned or the F-rich soils are heated at
high temperature, These poisonous gases are transferred to humans through different
pathways as shown in the diagram below:

Air

Stored food

Coal and Soil — Poisonous gas— Drinking water Human body

-— Soil —— Plants
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FLUQRIDE PROBLEM IN THE MOLDOVA REPUBLIC

S Toma, J Kreidman, O Vedina and S Veliksar
Institute of Plant Physiology, Chishinau, Moldova

Fluoride {F) investigation in Moldova has been camied out for more than 20 years,
Moldova is a region where high concentrations of F are mamly contained in natural objects.
Phosphorites and other F-contaming minerals enrich the water-bearing honzons of the
Moldovian artesian drainage basic with F. The range of the total F in soils depends on their
granulometric compositton. Thus the supersandy soils contain from 64-269 ppm and hard
ones, for example |, sodic soils - from 542 to 794 ppm. Flood soils are characterized by a high
content of F - from 500 to 1120 ppm. Maps have been prepared containing the average F
content in soils and soit forming rocks.

Subsurface waters are used in the Republic as a water source. The cretaceous water-
bearing horizon is saturated with F. High concentrations of this element in mixed waters
containing chalk and torton, and the waters of lower sarmation deposits showing low
concentrations of I {up to 0.5 mg/L) constitute a major part of the termtory. Deficiency of F
is known te create preconditions to the development of dental cares and its surplus leads
1o intoxication.

The anthropogenic contribution of F to total soil content was studied. The F content has
also been studied m plants, and the reaction of soils and plants to different doses of phosphoric
fertilizers was investigated. Fluoride research was alse carried out in stockbreeding. Fluorosis
in animals can occur subseguent to absorption of F from potable water. Assimilation of F in
organisms depends on ingested material. Three degrees of animal fluorosis have been
established: spotted cretaceous-pigmented, speckled, and deforming.

Under conditions of high F pollution, it is important to minimize exposure, and study its
environmental behavior and ecological consequences.

FLUQRIDE DISTRIBUTION IN BUROZEMS OF MOLDOVA
O Vedina' and J Kreidman @

TBAICOR Inc., Logan, Utah, USA. ZInstitute of Soil Science,
Agrochenistry and Melioration, Chisinau, Moldova

The investigations were carried out in the central part of Moldova on two different
subtypes of burozems. The average fluorine content in the humic horizon (A2) of forest
podzolic laomy burozem was 244 ppm. A decrease in fluoride (F} concentrations was
noticed in the podzolic horizon (A2) (176 ppm) mainly due to weathering and removal of
clay minerals. In the alluvial horizon (B2) the F level was 303 ppm. The increasing F content
in the B2 horizon reflected the response to the high content of clay minerals, and the
formation of insoluble complexes of F with iron, aluminum, and silica. In mother rock (C)
the concentration of F was lower compared with the alluvial and humic horizons (203 ppm).
Compounds containing F were leached from this sandy rock.

The behavior of F in forest modal burozem of fine textured soils differed from that of the
previous subtype. Fluoride distribution in the soil profile was weakly differentiated. The
highest concentrations of F were observed in the humic horizon (509 ppm), and an increased
level of F was found in the transitional horizon (BC). This is correlated with the increased
carbonate content and can be explained mainly by the formation of slightly soluble fluorite.

The results obtained showed that the mobility of F in burozems is a function of soil-
forming processes and that the main factors affecting the concentration of F are the amount
of clay minerals, levels of calcium, iren, aluminum, and silica in soils, and soil pH.
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FLUQRIDE IN SOILS AND PLANTS
J Kreidman' and O Vedina?

Institute if Soil Science, Agrochemistry and Melioration,
Chishinau, Moldova. 2BAICOR inc., Logan, Utah, USA

We studied the fluoride (F) levels in various types of soils and vegetations in the
Moldova Republic. For this purpose, soil samples were collected from 72 soil profiles. The
levels of F in wheat and corn were studied.

Results showed that the levels of F in soils depended on the origin of the soils. The
lowest F level was found in soils with high leaching capacity. The average concentration of F
in burozems and grey forest seil, ordinary and calcarecus chernozems, and podzolic, leached
and modal chernozems was 343, 386 and 476 ppm, respectively. F accumulation was
observed in river valley and sodic soils {(648-732 ppm).

The effects of applying high-phosphorus (P) fertilizers on F accumulation in wheat
and corn were studied. Application of the P fertilizers to soil resulted in doubling the
biomass of wheat. In all plant tissues except the roots, F concentrations increased 2-3 times
compared to the control. This may be due to a synergistic effect induced by P following its
increased uptake.

Despite an excessive accumulation of F in the leaf tissues of wheat and corn
(209 mg/100g ¢.w.) the concentration of F in the grain was low (4.7 mg/100g d.w.). This
indicates that in the growing plants protective mechanisms may function to inhibit F
translocation into developing grains. No visible symptoms of F toxicity for wheat were
observed. However, corn was susceptible to high F levels, as manifested by chlorosis,
impared growth , and reduced yield.

FLUORIDE CONCENTRATIONS IN VOG (voicanic-derived fog)
FROM HAWAIl VOLCANOES NATIONAL PARK

F A Basabe

Huxley College of Environmental Studies, Western Washington University,
Bellingham, Washingien, USA

Voleanic surface condensate samples were collected from 27 locations in the Hawail
Volcanoes National Park, USA, during December and January 1995/96 and March 1996, The
samples were ¢ollected with a passive cloud water collector commonly used in terrestrial cloud
water chemistry studies. Samples were analyzed for H', NH,", Na”, K", Ca™® Fe'?, Mg"?, §i*7,
Al” NOy, SO,2. CF, and F, The first collection period was characterized by low surface lava
flow activity, and increased activity during the March sampling. The average fluoride (F)
concentrations in the condensate from the upland areas in the park were relatively low
(0.06-2.5 ppm). Average condensate F concentrations from the area known as the point of
entry, where lava currently flows into the sea, were higher (10-32 ppm). Moelten lava (1105°C})
entering the ocean causes sea water to dissociate and form hydrofluoric acid and other
products. Higher F levels and acidity (pH 0.75-1.5) generaily occurred at the peint of entry
during periods of high volcanic activities. Fluoride levels and acid content of the condensate
were good predictors (r* = 0.65) for metal concentrations at this location.
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DIETARY FLUORIDE:

A STUDY ON SAFE DIETARY fLUORIDE L EVEL
V K Desal’ and B B Desai’

Although food has been accepted as the second most impontant source of fluoride (F),
studies on food F in relation to fluorosis are scanty. Such studies are important particularly in
endemic fluorosis areas where both water and food contain high levels of F. This study was
conducted to investigate the dietary F intakes of children from two villages in the Surat District
in1ndia: one with high water F levels (range: 1.07-3.12 ppm), and another {control) with low
water F levels {range: 0.40-0.57 ppm}. Children between 10 and 13 years were selected and
their daily food and water intake was studied using the standard inventory method. A fluoride
ion specific electrode was used to determine the F content in water and food (Villas known
addition method). This information was translated into the children’s daily F intake from food
and water. Dental fluorosis (DF) and grade of DF of each child were recorded. Since cereals
and puises consist of more than 70% of'total food intake by the villagers and are predominantly
grown locally, they are major contributors to dietary F. Fluoride from cereals, pulses, and
water are, therefore, considered indicators of dietary F intake.

The results showed that the mean dietary F intake of children with and without DF was
1.80£0.581 and 0.4640.034 mg/day, respectively. When the mean dietry F intake was
analyzed according to Dean's DF classification, grade 0.5 was at mean dietary F level of
1.42+0 404 mg/day. A consistent increase in DF severity (grade) was observed with increase
in mean dietary F intake. For children with DF grade 3, the mean dietary F intake was found to
be 2.26+0.334 mg/day. This study indicates that a dietary F intake below 1.0 mg/day is safe
and does not lead to DF in the study area.

ROLE OF FOOD IN FLUORIDE TOXICITY IN ENDEMIC AREA
OF MAHESANA DISTRICT, GUJARAT, INDIA
B B Desai’ and V K Desai'

Water is the main ca