April, 1988 Voi. Twenty-one, No. Two

FLUORIDE

OFFICIAL QUARTERLY JOURNAL

OF

I NTERNATIONAL

SOCIETY for

FLUORIDE

RESEARCH




Prosidont
Prol. AJK. Susheeia

All India Institute of Medical Science

MNew Dalhi, India

Second Vice-President
Ming-Ho Yu, Professor

Huxiey College of Environmental Studias

Wastern Washington University

Bellingham, Washington, USA

Prof, Cherlas A, Baud, M.D.
Institute of Morphclogy
University Medical Centar
Geneva, Switzerland

Prot, AJW. Burgetahler, Ph.D.
Univarsity of Kansas
Lawranca, Kangas, USA

K.R. Sulusu
National Env. Eng. Res. Inst.
MNagpur, india

Dr. G. Embery

Dept, of Dental Sciences
Urniv, ot Wales, Col. of Med.
Cardiff, Wales, UK

Prof. J. Franke
Orthopedic Clinic
Medical Academy
Erfurt, GDR

©..J. Ballentyne, Ph.D.
University of Victoria
Victoria, B.C., Canada

Or, John A. Cooke
Sunderland Polytachnic School
of Pharmacy and Biology
Sunderiand, England, UK

Dr. Edward Czerwinski, MO
Cracow Academy of Medicine
¥rakow, Poland

Dr. Michael N, Egyed

Rimron Veterinary Institute
Beit Dagan, Israsl

Prof. Jacques Elzair

Inst. des Sciences Medicales
Alger, Algeria

Prof, G. Neil Jenkins
Newcastle uwon Tyne, England

ADVISORY BOARD

Dr. Jean-Pierre Garrsc,
Director, Labaratoire d*Etude
de la Polution Atmosphérigue
Champenoux, France

Or. C. Jamea Lovelace
Department of Biology
Humbott Stata University
Arcata, California, USA

Prof. G.W. Miller, Ph.D.
Utah State University
Logan, Utah, USA

Dr. Guy Milhaud

Service de Pharmacie et
Toxicologie, Ecole Mationale
Vaterinaire J"Alfort
Maisons-Alfort, France

Prof. J.B. Patrick, Ph.D,
Mary Baldwin Callage
Stauton, Virginia, USA

EDITORIAL BOARD

Jerzy Krechfiiak, Ph.D.
Director, Dept. of Toxicology
Akademia Medyczna

Gdansk, Poland

K.AMR, Krishnamachari, MD
Mational Institute of Mutrition
Hyderabad, India

Lennart Krook, DVM, Ph.O.
N.¥. State Caol. of Veterinary
Medicine, Cornell Univarsity
Ithatca, New York, USA

John R, Lee, MD
Mill valley, Californmia, USA

Yu-Min Li, MD

institute of Labor Protection
Changsha, China

Dr. Zygmunt Machoy

Dept. of Biochemistry
Pomeranian Medical Academy
Szezecin, Poland

Vice-Presidet

H, Tsunoda, M.0.

fwate Medical University
Morioka, Japan

Socretary

Prof. G.W. Miller, Ph.D.
Utah State University
Logan, Litah, USA

Treaswer
E.M. Waldbott, B.A.
Warran, Michigan, USA

Dr, B, Rajan, B.5c., M.D.5
Madras Dental College
Madras, India

Dr. Med. Hans Runge
Orthopadic Clinic

Martin Luther University
Halle, GDOR

Prof. René Truhaut, PhD,
Faculté de Pharmacie
Universitd de Paris, France

H. Tsunoda, M.D.
iwate Madical University
Morigka, Japan

Prof. Y. Yoshida
Oshaka Medical College
Osaka, Japan

Dr. F. Murray

Schood of Environmental and
Life Sciences, Murdoch Univ,
Murdoch, Western Austradia

H.M. Sinclair, MD
Magdelen College
Oxford, England

Prof. A.K. Susheala
All India Inst. of Med. Sci.
Naw Delhi, India

Prof. S.P.5. Yeqtia, MD
Meadical Col., U. of Meerut
Meerut, ndia

Dr. Sally W. Whoeler
Hawkesbury Ag. Res, Unit
Richmond, M.5.W., Australia

Prof, Ming-Ho Yu

Huxley Col. of Envir. Studies
Western Washington Univ,
Bedlingham, Wa, USA



Volume 21, No. 2 April, 1988 Pages 51-108

FLUORIDE

Quarterly Reports

Issued by
THE INTERNATIONAL SOCIETY FOR FLUORIDE RESEARCH

Acting Editor Co-Editor Co-Editor Interim Editer
AW, Burgstahier, Ph.D. Prof. GW. Miller, PRD. KAV.R. Krishnamacher, M.D E.M. Waldbott, B.A.
Lawrance, Kansas Logan, Utah Hydsrabad, India Warren, Michigan

TABLE OF CONTENTS

EDITORIAL
Fluoridation: The Australian EXparienc® . . v v + « + s v s s 5 ¢+ = # 51-53
ORIGINAL ARTICLES

Chlorophyli-Protein Complexes in Fluoride-Treated Pea Shoots —
by Lilly A, Stavdal and David J. Balltantyne; Victoria, B.C.,
Caﬂada--...---ol-ou-----------...----. 54-57

The Effect of pH and Fluoride on Leaching of Aluminum from
Kitchen Utensils — by 5. Watanabe and C. Dawes; Winnipeg,
Manitoba, €anada . + « « & « + ¢ s v ¢ 2 5 2 5 € v s s e s e 58-59

The Effect of 30 mg/L Fluoride in Drinking Water on Ewes and
their Lambs and Current Bone Levels of Sheep in N.5.W.,
Australia — by S.M. Wheeler, A.D. Turner, T.B. Brock and
D.C. Teasdale; Richmond, New South Wales, Australia . . ... . 60-68

Determination of Fluoride in Plant Material by a2 New Spectro-
photometric Method Based on the Rutin-Zr(lV) Complex -
by Piotr Topolewski and Sabina Zommer-Urbafiska; Bydgoszcz,
Po'w.'-'...lll.llt.'lll!l"l..ll'llll 69-75

Radiological and Histological Studies on Bones of Experimental
Rabbits In Skeletal Fluorosis — by Huwo Daijei and Zhan
Chongwan; Guizhou, China . . v v o« v v 0 s v a o v s a s s n s 76-81

Changes in Glycogen Content in Some Tissues During Fluorosis —
An Experimental 5tudy on Rabbits — by Shashi, J.P. Singh
and S.P, Thapar; Patiala, India . « + « + ¢« v v o v v e cn u s e 82-86

Physical Development of Children in Areas Polluted by Industry —
by H. Pilawska, T. Mikulski and B. Mietkiewska; Szczecin,
POIBND &+ & & 2 o u v ¢ ¢ 4 4 s = s s e v s s a s e 87-92

Subcelluiar Effects of Flucride — by J. Elsair and K. Khelfat;
Algiers, AIGEria . « « « ¢ 2 v ¢ ¢ a5 1 s 20002 s ennmosesn 93-98



ABSTRACTS

Normal Fluoride Concentrations in Spot Samples ot Urine — by

Kaoru Kasahara, Takeshi Kondo, and Takashi Nakane; Hirooka

Gobara Shipjira City, Japan . « « = v + ¢ & 2 v 2« s v o c v n o 100
Survey of Lead, Cadmium and Fluoride in Human Milk and Correla-

tion of Levels with Environmental and Food Factors — by

R.W. Dabeka, K.F. Karpinski, A.D. McKenzie, and C.D. Bajdik;

Ottawa, Ontario, Canada + « + « « v v v ¢ v 2 s e v a s s s 20 =« 100-101
Preventive Dental Care: The Role of the Pediatrician — by H.J.

Herrman, and M.W, Roberts; Bethesda, MD and Alexandria VA ., 101
Toxic Effects of Food-Borne Fluoride in Silver Foxes — by R,H.

Eckerlin, L. Krook, G.A. Maylin, and D. Carmichael; Ilthaca,

NY, USA . . . i i st s s s s s eanasnsnssnensesnsas 102-103
Fluoride Concentration in Amniotic Fluid and Fetal Cord and

Maternal Plasma — by M. Ron, L. Singer, J. Menczel, and

Gideon Kidroni; Jerusalem, Israel . . . v 4 - & v e v v s v o 0 e s s 103
High-Fluoride Drinking Water, Fluorosis and Dental Caries in Aduits

— by S.A. Eklund, B.A. Burt, A.l Ismail, J.J. Calderone; Ann

Arbor, Michigan, USA . . & . i v d v o v 4 ot s e nn e aonaas 104
Fluaridation: Time for a New Base Line? -~ by A.S. Gray, Victoria,

B.C,, Canada + v = = v v 4 4 + v s e n 4 r e s e s a e 105
Relationship of Fluoride in Drinking Water to Other Drinking

Water Parameters — by C.F. Lynch; lowa City, lowa, USA . .. 106
fnhalation Toxicity of Ammonium Perffuorocctanoate — by G.l.

Kennedy, Jr., G.T. Hall, M.R. Britelli, J.R, Barnes, H.C. Chen

Newark, Deleware, USA . . . 4 & ¢« v o o o ¢ s s s a a s s oans 107

Reduction of Airborne Fluoride Emissions from Canadian Aluminium
Smelters as Revealed by Snow Fluoride — by Marcel Cuellet,
Sainte-Foy, Québec, £anada « « + + + « v+ v « v« s s e s+ J07T-108

The 17th ISFR Conference will be held in Budapest, Hungary from June 23
through June 25, 1989 in the Speorthall, which is centrally located, The
official language will be English.

The meeting, which will be organized by Dr. MikiGs BS8ly, will stress
problems with fluoride: chemistry; toxicology; biclogical effect; instruments
and measuring techniques; effect of fluoride on plants, animals, humans;
osteofluorosis.

It will be held as a separate conference but at the same time as one
spongored by the Hungarian Society for Rheumatism, which will bring
specialists from Hungary, Poland, West and East Germany. The Hungarian
Society sponsors and covers costs thanks to the President of the Society,
Prof, Dr, Béla Gomar.
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Editorial Book Review

FLUORIDATION: THE AUSTRALIAN EXPERIENCE

Among recent critical assessments of water fluoridation, one of the most
penetrating and challenging is undoubtedly that to be found in the book,
Fluoride in Australls — A Case to Answer, authored by a talented young
Australlan journalist, Wendy varney.* Based on her honors master’s thesis
in political science at the University of Sydney, this clearly-written, well-
documented analysis probes deeply into many of the important scientific issues
as well as her main theme, the ever-present “politics® of fluoridaction. Although
comprising only 128 pages of actual text, the book has over 4530 reference
citations to support her account and interpretation of the Australian experience
with fluoridstion,

In her Introduction, Varney traces the beginning of flucridation in Australia
to the year 1953 in Beaconsfield, Tasmania. Salient features of the current
debate are then outlined: "Doubts about fluoridation’s safety, far from sub-
siding, have been fuelled by studies which show, at best, that much more
research needs to be done in the area and, at worst, that fluoride could be
contributing to more ill health than was previously thought.® Continuing, she
raises the logical question of the supposed "right of an elite in the dental
and ‘health' establishment to make declsions on behalf of, but with no account-
abflity to, the community, especially when the ramifications of that decision
go way beyond dental health." Of course proponents of fluoridation vigorously
reject any such challenge. In their view, fluoridation Is strictly their
"preserve,” and only duly appointed health officials — not members of the
public to whom they are responsible — should be Involved In cousidering
whether or not to have it.

In the first of four ensuing chapters, Yarney reviews the origin and promo-
tion of fluoridation in the United States and subsequently in other countries,
including Australia, where at present about two thirds of the population are
served by water systems that are fluoridated. At first reluctant to extend
general approval, the U.S. Public Health Service soon reversed itself and,
in 1950, gave the green light to widespread adoption of the procedure, even
though few of the permanent teeth of children exposed from birth in trial
studies had erupred.

Varney then proceeds to document how "experts," with close ties to
promoting organizations and supporting industries, were named to special
committees and study panels to come up with reports that were inevitably
favarable to fluoridation. She describes how rejections of fluoridation by voters
and locel governing bodies in Awustralia have been overturned by regional and
state authorities; how adverse medical and dental findings are ignored or
denied, even when they are reported by highly-qualified scientists with no
personal gain at stake; how proponents repeatedly refuse to engage in public
debate of the evidence {which they nevertheless Insist is entirely on their
side); how data and studies have been manipulated or misrepresented to "prove"
the efficacy and safety of fluoridation; how opponents with good professional
credentials are invariably disparaged and/or denigrated; and how evidence
showing no significant dental benefits from fluoridated drinking water has
been ignored, concealed, or denied.

®  Published by Hale & Iremonger Pty, Limited, GPO Box 2552, Sydney
2001, N.S.W., Auystralia, November, 1986 ($12.95 p/b; $25.95 h/b, Austrailan
dollars).



52 Editorial Book Review

Disturbing and shocking though they are, the foregoing aspects of "Fluoride
in Australia® are only part of the picture. In the succeeding chapters, Varney
takes a still closer look at the lucrative role of Industrial beneficiaries, the
misleading and even false pronouncements of prestigious medical and dental
organizations, and the back-stage as well as up-front promotional activities
and actions of various branches and commissions of government.

Industrial beneficiaries are, in her words, firstly, "those [industries] which
supply the by-product to the water supply authorities {along with nonsuppliers
who produce, as a by-product of their induscries, a fluoride compound in some
form); secondly, food manufacturers whose products are conducive to tooth
decay; and thirdly, those companies which have entered the fluoride market
with products such as fluoridated toothpastes, which are rendered 'beneflicial’
by the [carefully engineered] prevalling public acceptance of fluoride as a
harmiess and effective prophylactic against dental decay.”

Like many other polluting industries, fluoride emicters "are on the defen-
sive unless they can attach social benefits to their operations or products.”
Ironically, with fluoridation, they have been able to go one step better. In
terms of risk versus benefit: "Their waste is not so much offset by a benefit
— their waste is the benefit.”

Proponents of fluoridation in the medical-dental establishment naturally
want the public to believe that the evidence for the safety and efficacy
of fluoridation is so abundant and secure that there never could be any doubt
about its overail valldity. Yet, when challenged to present such evidence
in open debate and to refute contrery findings, they invariably resist and
try in every way possible to avoid dolng so. "Judging by their fear of dlalogue
but their penchant for promction, one can only conclude that fluoridationists
have a severe lack of confldence in either their own case or the public, or
perhaps both. Certainly promotion does not run counter to the paternalism
which has been evident among fluoridationists.”

Moreover, contrary to popular impression, the endorsements of fluoridation
in Australa have not been arrived at Independently but are derived directly
from the pre-existent profluoridation stance of the Natlonal Health and
Medical Research Council. And that body, in turn, based its endorsement
on the report of an advisory committee set up in New South Wales in 1954.
Although the committee’s report claims that opposing submissions were sought
and carefully considered, in fact the request resulting in one of the most
trenchant of these submissions was not even received by the overseas addressee
until only nine days before the committee’s report was submitted, thereby
casting grave doubt on the committee’s assertion that opposing submissions
*have been proved to have no basis in fact."

Just because tooth decay has declined in fluoridated communities does
not mean that fluoridation is responsible. In the northern suburbs of Sydney,
for example, the percentage of children, age 5 to 12, with caries-free teeth
= an indisputable index of Improved dental health -~ has increased steadily
since {961, with no evidence of any impact from fluoridation, which began
there in 1968. Similar dental improvements, independent of fluoridation, have

Yolume 21, No. 2
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been occurring in other parts of Australia as well as in other industralized
nations.

In this fact, Verney sees a pertinent parallel in the steady declines in
mortality from respiratory tuberculosis and acute rheumatic fever that have
occutred in Britain since the last century. Death rates from these and other
diseases, such as cholera, dysentery, typhoid, and even scarlet fever,
diphtheria, whooping cough, and measles, all showed their greatest declines
before the introduction of antibiotics and wide-spread immunization, Improved
sanitation, housing, nutrition, and living conditions most likely made the biggest
impact, not direct medical intervention.

Therefore, contrary to claims by medical-denta! authorities that fluorida-
tion represents "another great health lmprovement" resulting from something
they have done, it is, in fact, & procedure of doubtful utility that is facing
an extremely serious "legitimation crisis." Proponents would like these problems
to go away, but they will not. "After three decades of filuoridation in
Australia, the issue is not only still alive — the major backlash against it
s still to come.” Strong words indeed, but they need to be taken to heart.
The scientific community engaged in fluoride research should take careful
note of all these developments and conduct itself and its work in such a
manner that it will not deserve to lose public support and confidencs.

AW.B.

Fluoride



CHLORQPHYLL-PROTEIN COMPLEXES IN FLUQRIDE-TREATED PEA SHOOTS

by

Lilly A, Stavdal and David ]|. Ballantyne*
Victoria, B.C., Canada

SUMMARY: Systemically applied 1 mM KF induced a signifi-
cant decrease in a chlorophyll-protein complex in pea leaves
after 72 hours of treatment.

KEY WORDS: Chlorophyll-protein complex; Pisum sativum; Systemic KF.
Introduction

Fluoride has been recognized as a phytotoxic air pollutant for nearly a
century {I). It may induce decreases in chlorophyll levels and in chloroplast
electron transport (2).

Chlorophyll-protein complexes have been extensively studled by polyacryl-
amide gel electrophoresis. These complexes have been characterized for a
varlety of plants including peas (3,4), spinach (5), maize (6,7} and tobacco
(8,9). A relationship between chlorphy!l accumulation and the formation of
chlorophyll-protein complexes has been shown to be affected by such environ-
mental factors as light (3,10) and water stress (11). Also, fluorides have been
shown to cause decreases in chlerophy!l content of chioroplasts and in photo-
system II (12) activity as well as photophosphorylation (13), so studies are
necessary to determine systems first affected, To thizs end we have investi-
gated chlorophyll-protein complexes. The method might provide some insight
into the effects of fluoride on the photosynthetic process.

Materials and Methods

Pea plants (Pisum sativum L. cv. Tall Telephone) were grown and sys-
temically treated as previously described (2). Treatment solutions consisted
of two control solutions containing either ! mM KCI or distilled water and
KF at 1 mM. Each treatment consisted of 7 beakers {8 shoots per beaker)
arranged in a randomized block design. They were maintained at ambient
temperature and humidity under cool white fluorescent light and incandescent
lights at a PAR of 15 uE/{m? sec) for eight hours per day. The two youngest
fully-expanded leaflers of a shoot provided macerial for the isolation of chloro-
phyll-protein complexes, All extraction procedures were carried out in mid-
morning, and all operations were performed at (-5°C. isolation procedures
for chloroplasts followed the methods of Ballantyne and Glover (2). Cne gram
of leaf matertal was chopped Into 6 mL of extraction buffer consisting of
400 mM sorbitol and 100 mM cricine, pH 7.8, Samples were homogenized with
a polytron blender with 2-3 second bursts., The brei was fliltered through two,
then eight lavers of cheesecloth, The filtrate was centrifuged to 6,000 X g
and brought to rest in approximately 5 minutes, The pellet was washed with
unbuffered 10 mM NaCl and suspended in | mL of pH 7.8 buffer composed
of 33 mM sorbito! and 100 mM rtricine. An aliquot was used for chlorophyll

® Department of Biology, University of Victoria, Victoria, B.C. VAW 2Y2,
Canada.
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Chlorophyll-Protein Compiexes in Fluoride-Treated Pea Shoots 55

determination and the balance was reserved for the isolation of chlorophyll-
protein complexes. Chlorophyll content was determined in subdued light using
the methods of Walker (14).

The isolation of chlorophyll-protein complexes was based on methods
adapted from Markwell et al. (4) and changes from the procedures of Markwell
et al for peas are as follows. Suspended chloroplasts were centrifuged up to
12,000 X g and then brought to rest. The resultant pellet was re-suspended
in ! mL of 6.2 mM Tris and 48 mM glycine buffer at pH 8.3, Sodium dodecyl
sulfate (SDS} was employed, using a ratio of 10:1 {w/w) SDS: chlorophyll; and
5¢ mM mercaptoethanol and 10% glycerol (v/v}) were added. Solutions were
incubated at room temperature for ten minutes prior to electrophoresis.

The polyacrylamide tube gel electrophoretic system descibed by Markweli
et ol was used for the separation of chlorophyll-protein complexes (9). Com-
plexes were separated for three time periods: I, at 24 hours of treatment;
2, at 48 hours of treatment and 3, at 72 hours of treatment. Chlorophyll
samples of 25 uL (8,1-12.5 ug of chlorophyll) were routinely electrophoresed
on each tube gel. A constant current of 36 mA was applied. Electrophoresis
was carried out untif the fronmt running band had run approximately 60 cm
in the tubes. Immediately following electrophoresis, gels were scanned at 672
nm in a densitometer. A planimeter was used to measure the area of the
chlorophyil-containing peaks obtained from tracings. Each peak was measured
three times, and measurements were averaged. Percentage areas were
calculsted.

Cels were immersed in a solution of 0.25% Coomassie brilliant blue R
in 50% methanol and 7% sacetic acid to dertect polypeptides associated with
separated chlorophyll-contalning bands. Excess stain was removed by circulating
& solution of 30% methanol and 7% acetic acid over the gels.

All statistical analyses were at the 5% level of significance and were
based on four replicates.

Results and Discussion

Electrophoretic fractionation of the chlorophyll-containing complexes re-
suited in four separated bands (Figure l). The same chlorophyll-containing bands
were separated in all treatments, at all times, and were designated L, M,
N and P for convenience. In all cases, all chiorophyll-containing material
entered the gels. Because bands N and P had been observed to coalesce com-
parisons were made by combining the areas of peaks N and P. The chlorophyll-
containing complex from KF-treated shoots was found to be significantly
djfferemi in area from that of the KC| or water treated shoots by 72 hours
(Tabie 1).

Coomassie brilliant blue staining confirmed that the chlorophyll-containing
bands were protein-containing complexes, Also, there were polypeptide bands
present not associated with chlorophylls.

The same chlorophyll-conteining complexes were found in pea shoots
treated with KF, KC! and water with time. It would be purely speculative
to attempt identificetion of photosystem I and/or Il constituents based on the
evidence obtasined here. However, the two most rapidly moving bands, N and

Fluoride
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HaO KCt . "
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0 70 70 7
Figgre 1

Chiorophyil-containing complexes: two separated and two partially separated
peaks. Dengitometer scan (672 nm) of complexes separated in 5% polyacryl-
amide gels. Complexes were extracted from the youngest leaflet pair of Tall
Telephone pea shoots after systemic treatment for 72 hours with H;O, 1 mM
KCI and 1 mM KF. {Gel length was 10,0 cm; length scanned was 7.0 cm).

P, seem best interpreted as representative of a single complex. We feel that
this can be justified on the basis of inconsistent movement displayed by these
bands during electrophoresis. Erratic migration patterns seem to be an inherant
flaw of SDS-PAGE separations and have been noted by others (9). On no occa-
sion did the L and M bands meld in the same fashion. They always separated
as two distince bands.

Table 1
Percentage Area of Chlorophyli-containing Peaks #'?*3

Treatment Day 1 Day 2 Day 3
Ha0 50.8%° 52.3% 50.3%
ab a b

1 mM KCI 50.4 56.5 45,3
1 mM KF 46.8° 51.8%° 38.3°

- Area under peaks N and P
Percentage area Area under peaks L, M, N and P
for peaks L, M, N and P.

Areas of peaks N and P were combined from densitometer scans at 672
am.

x 100; see Figure 1

Chlorophyll-containing peaks were separated in 5% polyacrylamide tube
gels. They were isolated from the youngest leaflet pair of Tall Telephone
pea shoots after systemic trgatment with H,Q, 1 mM KCl and 1 mM KF.
Means are significant different at the 5% level if not followed by the
same letter or letters., Analyses were performed on the arcsine transformed
data of four replicates.

Yolume 21, No. 2
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Chlorophyll-Protein Complexes in Fluoride-Treated Pea Shoots 57

Changes observed in the N/P complex may or may not be a consequence
of other changes that have been observed after KF treatment of pea shoots.
A significant decrease in electron transport was observed after 72 hours of
systemic treatment (2} but fluoride-induced decreases in growth and increases
in ATP could be detected after 24 hrs. of treatment {15).
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THE EFFECT OF pH AND FLUORIDE ON LEACHING OF
ALUMINUM FROM KITCHEN UTENSILS

by

S. Watanabe and C. Dawes*
Winnipeg, Manitoba, Canada

SUMMARY: We tested the effect of boiilng acidic solutions
at pH values of i, 2 and 3 with fluoride concentrations
of 0, | and 5 ppm on the leaching of aluminum from used
aluminum pans. The amount of aluminum leached from
the pans was inversely related to the pH, but was unaffected
by fluoride concentrations up to 5 ppm.

KEY WORDS: Aluminum; Fluoride in water.
Introduction

A recent report {1) that fluoride at 1 ppm in boiled acidified cooking
water causes a |,000-3,000-fold increase in aluminum leaching from aluminum
utensils has created cousiderable concern because of its implications for water
fluoridation.

Although the claim has now been retracted (2), in neither report did
the sauthors give any information about the method of aluminum analysis.
Savory et al (3) found no effect of sodlum fluoride at a concentration of
0.024 mM. However, this is equivalent to 1 ppm NaF, but only to 0.46 ppm F.

Our objective was to test the effect of pH and fluoride concentration
on the leaching of aluminum from aluminum pans.

Materials and Methods

We boiled for 10 min, in used aluminum pans, 500 mlL samples of distilled-
deionized (DD}-water or Winnipeg tap water, the fluoride content of which
is ! ppm, and also acidic solutions containing 50 mM oxalic acid {(pK = 1.23),
maleic acid (pK, 1.83) and citric acid (pK, 3.14) adjusted with NaCH to pH
values of 1, 2 and 3, respectively. The acidic solutions were made up with
both DD-water and tap water. We also used 50 mM maleic acid {(pH 2) and
citric acid (pH 3) in DD-water containing either 1 or 5 ppm fluoride as NaF,
or, as a control, equivalent molar concentrations of NaCl (0,053 and 0.263
mM, respectively). After the boiling period, the volumes of the samples were
readjusted to 500 mL with DD-water and analyzed for aluminum with a Perkin
Elmer model 4000 atomic absorption spectrophotometer, with a nitrous oxide/
acetylene flame, Both the samples and certified (Fisher Scientific) aluminum
standards were adjusted to contain {% HCI and 0,1% KCIl, as recommended
by Perkin Elmer,

Results and Discussion

The results are shown in Sections A and B of Table 1, They indicate,

® Department of Oral Biology, Faculty of Dentistry, University of Manitoba,
780 Bannatyne Avenue, Winnipeg, MB, Canada R3E O0W3
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Table 1

Aluminum Concentrations (mM) After Boiling 500 mL for 10 min
{mean 1£5.D. for n » 3}

A pH - 3 2 1
acid type none citric maleic oxalic
DD-water 0.02 $0.03 0.79 +0.39 1.33 £0.37 8.01 21.27

tap water {1 ppm ) 0.28 :0.19 0.67 20.20 1.45 £0.12 B.17 11.51

B Salt 0.053 mM 0,263 mM
pH 3 NaCl 0.35 $0.10  0.47 £0.01%
NaF 0.30 $0.06 0.73 £0.15%

pH 2 NaCl 1.25 $0.20  1.36 0,01

NaF 1.24 20.13  1.40 #0.13

® Difference significant at p < 0.01 by Student’s t-test (n = 6)

in Section A, that the amount of aluminum leached from the pans was in-
versely proportional to the pH and was independent of whether DD-water
or tap water was used. As seen in Section B, the aluminum concentration
in the citric acid solution containing 0.263 mM NaCi at pH 3 (0.47 10.01
mM) was significently less than that in the solution containing NaF at the
same molar concentration {0.73 20.15 mM). However, the aluminum concentra-
tion in the latter was not significantly different from that in citric acid
soletion at pH 3, made up with DD-water but no NaCl {0.79 +0.3% mM).

Thus, our studles provide no evidence that fluoride promotes the leaching
of aluminum from aluminum cooking utensils. Consumption of the aluminum
leached into acidified solutions during bolling in aluminum cooking utensils
may well be undesirable on medical grounds, but we have found no evidence
that the problem will be exacerbated by use of drinking water fluoridared
at 1 ppm.
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THE EFFECT OF 30 mg/l. FLUORIDE IN DRINKING WATER
ON EWES AND THEIR LAMBS AND CURRENT BONE LEVELS
OF SHEEP IN N.S.W., AUSTRALIA

by

Sally M. Wheeler*, Arnold D. Turner, Timothy B, Brock and Dennis C. 'I‘easdale
Richmond, New South Wales, Australia

SUMMARY: Pregnant ewes were given 1 (control) or 31
(treated) mgF/L. in drinking water. Weekly blood serum
samples from ewes and later from lambs were measured for
physiclogical variables. Treated ewes had elevated milk
fluoride (22.0 *1.48 umol/L. compared with 7.11 20,403
umol/L). At birth, serum flooride of lambs was 1.72 20.167
umol/L (treated) and 0.50 :0.042 umol/L {control); for
treated lambs birthweight was reduced; serum Ta, calclum
and magnesium was elevated, At 3-4 weeks, coccygeal bone
fluoride was 580 3117 mg/kg (treated) and 105 226.9 mg/kg
{control). Serum phosphate in treated lambs showed an upward
trend. At 17 weeks wool production of treated lambs was
reduced due to decreased staple length,

Fluoride was measured in 270 metatarsal bones collected
from nine zones in NSW. The range for ewes was 67-938
mg/kg, for lambs 7-97 mg/kg. Regional differences were
observed, Sheep In NSW could be ingesting sub-acute levels
of Ffluoride from water and superphosphate, and wool produc-
tion could be adversely affected,

KEY WORDS: Australia; Lambs; Maternal transfer of F; New South Wales;
Sheep,

Introduction

Endemic fluorosis of sheep due to high-fluoride bore water was noted in
the 19530’s and In research carried out at that time (1-5), Subsequently little
interest has been shown in this potential problem, and the possibility of sub-
clinical production effects has not been addressed despite the wide and con-
tinuing use of superphosphates, and the high evaporation rates experienced
during summer from stock water supplies, especially in the western districts
of NSW. It is known that sheep may ingest fluoride via soil or superphosphate
(6-8). Therefore during drought periods, when sheep are foraging on bare soil
and their nutritional plane can be extremely low, they could be ingesting more
fluoride than Is safe. However, 10-20 mgF/kg feed was thought to iIncrease
wool production {9), 30 mgF/L drinking water reduced the growth rate of lambs
{10). Whereas fluoride is known to traverse the placental barrier of ewes (11},
the effects on lambs are not established {1,2). Nor is it known whether fluoride
traverses the mammary barrler in sheep.

Therefore, an experiment was planned to give pregnant ewes a fluoride
intake comparable to that from some bore-waters, and to measure a range

®  NSW Department of Agriculture, Hawkesbury Agricultural Research Unit,
P.O. Box 217, Richmond, NSW 2733, Australia.
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of physiological parameters in both ewes and their lambs (12). Also, in order
to investigate the fluoride status of ewes and lambs in NSW, metatarsal bones
were collected from nine agricultural areas and analyzed for fluoride (13).

Materjals and Methods

Experiment. Twenty healthy Merino x Border Leichester ewes were synchronised
in oestrus, mated with Growmark rams at the second oestrus. Three weeks
later they were divided randomly into 2 equal groups, each group was penned
separately in the same large shed. The control group received tap water
{aprox. 1 mgF/L); for the treated 30 mgF/L was added to their water. Both
groups were fed equal amounts of sheep pellets. They underwent the same
management practices {(e.g. drenching). A 24-hour watch was kept at lambing
(over 1 week} and lembs tagged at birth. At 4-5 weeks oid, lambs were tail-
docked (bones were kept for later analysis) and castrated; at 6 weeks they
were weaned onto 18% protein pellets fed ad lib.

Blood samples were taken weekly by venipuncture following 4 h deprivation
of feed and water, and from both ewes and lambs at pearturition, Blood and
milk samples were taken from the ewes 24-3} weeks after parturition. The
lambs were weighed weekly and wool samples taken 3, 9 and 16 weeks from
birth. At 17 weeks they were shorn and the fleeces collected individually.

Blood serum was measured for fluoride (14); thyroxine (T3), triiodothyronine
(Ts) and cortisol {radicimmunoassay kits from Farmos Diagnostica, Finland}l;
parathyroid hormone (PTH) radioimmuncassay kit from Cambridge Diagnostics,
inc.); phosphate (automated colorimetric method); calcium and magnesium
{flame emission spectrometry}, Tail-bones were measured for fiuoride (Technicon
Auto-Analyser) as was milk {15). Heparinised blood was measured for micro-
haematocrit (MCHC). Wool samples were measured for staple length, fiber fine-
ness and both greasy and clean dry fleece weight.

Survey. Fifteen metatarsal bones of both ewes {4 yr) and lambs (<1 yr) were
collected from abattoirs serving nine agricultural areas in NSW during
November, 1984—]anuary, 1985, Wherever possible Merino x Border Leichester
animeais were chosen when appropriate sheep were available, but the extent
to which the sheep represented more than one flock is not known.

Bones were skinned, cleaned and dried at 105°C for 2 h, A dorsal/plantar
sawcut (16) was made on each bone; dust was collected, ashed and analyzed
for fluoride (17}. Differences between regions were determined by analysis of
variance.

Results

Experiment. Eight ewes lambed in each group, producing 9 lambs in eech
group. Figure 1 shows the mean weekly blood serum concentrations for the
ewes. Minima ‘and mexima were 0.6 20.06 and 1.9 x0.018 pmol/L {control
group); 8.7 £0.63 and 35.4 21.22 umocl/L (treated group),

Flguré 2 shows the mean weekly serum fluoride concentrations for the

lambs. At birth, serum fluoride of the treated lambs (}.72 :0.167 umol/L) was
three-fold that of control lambs {0.50 £0.042 upmel/L. Values for both groups

Fluoride
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Figure 1
Serum Fluoride (mean 2S.E.) of Control (—--} and Treated {. . . .) Groups
of Ewes.
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reached a maximum of 57.1 £3.7! umol/L. Treated animals drank less water
than controls (Table 1); a higher proportion of ingested fluoride entered the
serum of contrcl animals. The megn total fluoride concentrations of milk from
the treated group (22.0 t1.48 pmol/L was three times that from the controls
{7.11 +0.403 umol/L; cortisol was higher in the control group namely 9.3 12.43
nmol/L vs 4.0 10.54 nmol/L in the treated group.

Tabla 1
Water Inteke and Biood Serum Fluoride of Ewss and Lambs

Proportion
Approximate of serum
Mean volume fluoride Appraximate Mean sarum Tluor ide
of water orunk  concentration  totsl Fuorice fluprige of concantration
(1 /animul /day) of water ingestey per antmals to fluorioe
umol/fL) day {umol) mol/L) ingested (%)
Group (A | {AxB=(C) {O/C = 100)
Ewes: during pregnancy
Control 4.2 524 20,9 1,35 +0.054 0.61
Treated At 1831.5 BO36.6 23,63 20.934 0.39
During lactation
Control &7 52.6 I52.4 174 0085 .49
Traated 8.0 1831.5 B788.0 3034 11,718 .3
Lambs
Control a0 5.6 151.8 1.34 ¢0.143 0.85
Troated 2.5 1831.5 4078,8 3312 23,144 %1}

Tall bones from treated lambs contained more fluoride (580 2117 mg/kg
bone ash) than controls {105 226.9 mg/kg). Bone fluoride was positively related
to mean serum fluoride (p < 0.001). Treated lambs weighed less at birth {4.8
20,44 kg} than control lambs (5.4 20.47 kg); their mean weight remained
slightly lower throughout the experiment (Figure 3).

Figure 3
Bodyweight (mean 1S.E,} of Control (----) and Treated (. ...} Lambs,
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MCHC in the ewes was unaffected by the fluoride treatment; values for
both groups declined throughout pregnancy from a maximum of 42.7 £3.03 in
the first sample to 34.8 24.12 in the last sample 1-4 weeks post-partum. In
lambs, values for the treated group were lower than those for controls until
weaning (Figure 4).

Figure 4
MCHC (mean $5.E.) of Control (----) and Treated (. . . .} Lambs.
50-
g %
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During weeks 9-20 of pregnancy, Ts and T, values were the same for both
groups of ewes, with a mean Ty value of 1.5 £0.17 nmol/L and mean T, value
of 87.3 :4.90 nmol/L. At parturition Ta was lower for the treated group {2.1
$+0.20 amol/L} than for controls (2.8 :0.24 nmol/L). No differences were ob-
served for T, in either ewes or lambs. Ta values for the treated lambs
fluctuated in comparison to controls; they were higher (4.4 £0.18 nmol/L vs
4.1 £0.18 nmol/L) at two weeks of age, lower at six weeks (1.5 +0.08 nmol/L
vs 1.8 20.12 nmol/L) and higher at 17 weeks {1.8 :0.14 nmol/l. vs 1.4 .11
nmol/L)L

Serum cortisol and PTH were not different in ewes or lambs.

Serutn calcium and magnesium in ewes did not differ during pregancy
and at parturition; at 3-4 weeks post-partum both calcium and magnesium
were higher in the treated group (Ca: 3.01 20.091 mmol/L, Mg: 1.75 + 0.061
mmol/L) than in controls {Ca: 2,18 £0.127 mmol/L, Mg: 1.36 ¢ 0.088 mmal/L).
Values for the lambs up to five weeks of age are shown in Table 2.

All values for serum phosphate were higher In treated lambs (Table 3).
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Table 2

Serum Calcium and Magnesium Concentrations {mmol/L} from Control
Treated Groups of Lambs

65

and

Age of Calcium [mmel/L.) Magnesium {mmol/L)

lambs {mean 25.E.) {mean :S.E.)

(weeks) Control Group Treated Group Control Group  Treated Group

Birth 3.02 10.091 3.67 10,145 0.92 $0.037 1.07 20,038
1 2.74 :0.078 2.73 +0.059 0.90 :0.025 0.80 +0.030
2 317 20.145 2.63 £0.073 1,05 $0.032 1.00 0,013
3 3.50 :0.086 2.73 20,088 1,18 20.020 1.00 :0.018
5 3.06 :0.031 3.15 0,027 1.10 20.014 1.17 +0.019

Table 3

Serum Phosphate Concentrations (mmoi/L)
from Control and Treated Groups of Lambs

Age of Serum phosphate {mmol/L)

lambs (mean 15.E.)

(weeks}) Control Group Treated Group
1 4.0 10.09 4.3 +0.25
2 3.8 20.16 3.9 20,09
3 3.5 10,13 3.7 +0.08
5 3.3 0.1 3.5 0.7
7 2.7 10,12 3.2 :0.10
9 2.6 0,14 3.2 20.16
1" 2.6 20,18 3.0 10.13
16 2.7 0.1 3.7 2037

Table 4 shows the greasy and clean fleece weights from the lambs. Greasy
weights were not different, but both clean fleece weight and staple length

were lower in treated lambs.

Survey. The results of the bone fluoride survey are shown in Table 5.

Differences were apparent between the regions, with values for ewes being
lowest in the N. Tablelands {162 #4.0 mg/kg) and highest in the S, Tablelands
(477 10,7 mg/kg); corresponding values for lambs were 22 10.B mg/kg (N.
Tablelands} and 50 1.2 mg/kg {S. Plains).

Discussion

Maternal transfer of fluoride in sheep has previously been reported with

Fluoride
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Table 4

Fleece Weight, Yield and Staple Length of Wool from Control and Treated
Lambs {mean S.E.)

Greasy Clean
fleece weight fleece weight Yield
(g) (g) (%) Staple length
Group (A) (8) {B/A x 100) {mm}
Control 1033 166.3 669 $39.0 5.0 1,09 58,6 $1,65
Treated 901 +65.5 544 145.1 60.2 £1.16 54,3 $1.92
Table §

Metatarsal Fluoride Content of Sheep from Agricultural Regions of NSW

Bone Ash Fluoride (mg/kg)
Region Ewes {>4 y.0.} Lambs (<1 v.0.}
Mean* #5.E. Range Mean* 3S.E. Range

N. Tablelands 1622 14.0  90-235  22° :0.8 7-38
N. Slopes  248°°C :43 107-502  28° :0.9 20-36
N. Plains 2007 158  144-3¢4  33° :0.8 27-40

C. Tablelangs  322° :4.2 155691  49% 10 24-77
C. Slopes 1897 136  67-303  35' 0.9 19-57
W. Plains 322° 36,1 180-484 49 1.8 38-84

S. Tabletands 4779 £10.7  170-938  31° 41.0 21-47
S. Slopes 209°° 5.8  153-485 Not available
S, Prains  302% s6.1  203-538  50' 212 25-97

®* n= 15 Means with different superscripts differ significantly from

one another {p «< 0.05)

values ranging between 15% {18) and 96% (11) in utero, compared with our
values of 33% for controls and 7% for treated animals.

Reports on mammary transfer are conflicting (19). However change in
milk fluoride concentration with dietary fluoride intake is clearly shown in
our study. The five-fold increase in tail-bone fluoride of treated lambs is
indicative of considerable fluoride accumulation from the maternal environ-
ment, but the mean of 577 mgF/kg is well below the 4000-6000 mgF/kg range
{cancellous bone} suggested as the toxic threshold for sheep (20).

Reduction in birthweight due to maternal fluoride intake has been reparted
for humans (21} and rabbits {(22); it could be an Important factor in lamb
survival. Reduced growth rate associated with flucride intake previously
reported {10} was confirmed in this study. Lowered MCHC could be related
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to anemia development (23); the Ta changes In lambs warrant further investi-
gation in view of previously postulated fluoride/thyroid interactions (23).

Changes in serum magnesium and calcium in relation to dietary fluoride
have been previously noted in sheep; but, unlike our results in lambs, serum
phosphate was unaffected (24),

Conclusion

_ The most obvious producrion effect was a reduction in clean fleece weight
by some 18%, contrary to Purser’s calculations {9). The bone survey showed
that there were regional differences, The values for ewes (67-938 mg/kg) could
be considered twice as high as those cbtained in New Zealand (42-990 mg/kg)
In cancellous coccygeal vertebrae (17), for lambs {7-97 mg/kg) could be con-
sidered intermediate between (reated and controls. Therefore, reduced wool
production in NSW sheep, due to dietery fluoride intake, is a2 possiblity which
needs further investigation.
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DETERMINATION OF FLUORIDE IN PLANT MATERIAL BY
A NEW SPECTROPHOTOMETRIC METHOD BASED ON
THE RUTIN-Zr{lV) COMPLEX

by

Piotr Topolewski and Sabina Zommer-Urbafiska*
Byvdgoszcz, Poland

SUMMARY: The fluoride content in several types of vege-
tables and fruits was determined by a new spectrophotometric
method based on the formation of rutin-zirconium (IV)
complex. Vegetation samples collected from garden plots
near the Glassworks at Inowroclew showed fluoride level as
high as 2000 mg/kg, dry sample, The results were compared
with those obtained by the potentiometric method using an
ion-selective electrode &nd  spectrophotometric titration
method based on the SPANDS-Th{IV) complex,

KEY WORDS: Fluoride analysis, Plant tissues, Rutin-Zirconivm (IV) complex,
Spectrophotometric,

Introduction

In a strongly acidic medium, rutin forms e complex with Zr{lV) lons used
for determination of sodium fluorlde in a pharmaceutical preparation "Natrium
Fluoratum,” manufactured by "Polfa” (1), Optimum conditions for the complex
formation were determined to include an agueous-methano! medium {(H,O :
MeOH = 60 : 40, v/v), concentration of perchloric acid 2M, end 8-fold excess
of ligand. The melar ratio of the reagents was M + L = 1 + I; stability, log
K = 590 10.23; and stebility in time, t « 30 min. of the complex formed
under the above-described conditions, were determined. Within the concentration
range of 0.0-1.0 pgF/mL, an inversely proportional relationship exists between
fluoride concentration and the sbsorbance {A = 4{0 nm) of the complex. This
relationship is the basis for the quantitative determination of this element
with a molar absorbancy, L « 3 x 10° liter mol™' cm™’, and Stendell's sensi-
tivity, s = 3.5 x 10 pg cm™

The purpose of this work was to employ the above-mentioned composition
and properties of the rutin-Zr (IV) complex formed In agueous-methanol solution
for the determination of fluorine in plant tissues. Vegetables and fruit samples
were collected in 1983 from garden plots near the Glassworks at Inowroclaw,
which emitted large amounts of fluoride into the atmosphere.

Materials and Methods

Samples of plant material were taken from plots 100-300 m away from
the flucride emitters on the axis of the prevailing winds, that is, in the south-
west, south and north-west directions, The samples were washed under running
water, dried and then milled.

® From the Faculty of Pharmacy, Medical Center of Postgraduate Education,
Bydgoszcz, Poland
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Two methods were used for fluoride isolation: the microdiffusion method
(2-4) and the steam distillation method {5-8). For the potentiometric method
{9), two methods of sample preparation were used. The first method was based
on lisolating fluoride from the samples by microdiffusion, whereas the second
method was based on ashing the samples in the presence of CaQ, fusing the
ashes with NaOH, and dissolving the resulting fusion in redistilled water,

Four different methods were used in the analysis of the plant samples:

Method I Isolation of F (by microdiffusion) followed by spectrophotometric
method. A portion of the ground sampte, about 0,1-0.25 g, was placed in the
middle compartment of the Obrink's chamber, which contained 1 mL of 2M
NaOH used es absorbing solution in the inner compartment and 1.5 mL of
80% HSC, containing 0.02% sodium docecylsulfate in the outer compartment,
About 2.5 mL of 72% HCIO,, saturated by Ag,50., and silicon GE-SF-98 was
then introduced into the middle compartment. The chamber was closed and
maintained at 60°C for 24 h. The absorbing solution was then transferred with
the aid of 7-8 mL of redistilled water to a 25 mL volumetric flask and neu-
tratlized with 2M HCIO,. Into the solution, were then added consecutively S
mL of 10M HCIO,, ! mL of 2M HCIOL containing 125 pg Zr(lV) and 10 mL
of LI x 10™M rutin stock solution tn methanol. After making up to volume
with redistilled water, the absorbancy of the solution was measured at 410
nm against a reagent blank prepared Iln the same manner except for the addi-
tion of zirconium, When the fluorine concentration was too high, the absorbing
solution was diluted in the required proportion by redistilled water, and for
further analysis a required amount, but not more than 8 mlL, was taken
Fluoride concentration was determined from a calibration curve, which was
linear within the range of 0.0 to 1.0 pgF/mL.

Method I Isolation of F by microdiffusion followed by potentiometric
method was carried out in the same way as described in the above section
The absorbing solution was transferred to a8 50 mL volumetric flask, followed
by the addition of 10 mL of 2.25M citric acid, and about 5 mL of 12M NaCOH
to adjust the pH to 5.0-5.5. Fluoride was determined by the ijon-selective
electrode method. For plant samples containing low fluoride levels, a 25 mL
graduated flask was used, with reagents reduced by one-half accordingly.

Method III. For ashing followed by potentiometric method, about 4-10
g of the plant material was placed in a nickel crucible followed by addition
of 0.2-0.4 g of CaO. The mixture was then ashed at 550°C. The resulting
ash was fused with about 4 g of NaOH, and then the fusion transferred to
a 100 mL wvolumetric flask. After the addition of 20 mL of 2.25M citric acid
{pH 5.0-5.5) and cooling the flask, the potential of the resulting solution was
measured,

An ion-selective electrode OPF-7113, Radelkis (Hungary) a calomel elec-
trode K-80 {Poland) and digital pH meter N-512, "Mera Elmat" (Poland) were
used. The calibration curve was linear within the range of 1 x 1072-2.5 x 10*M
F.

Method [IV. Isolation of F by distillation followed by Spectrophotometric
titration method (5,6,10). Plant sampile was ashed in the same way as described
in section ). The ash was then transferred to a distilling flask, followed by
the addition of about 40 mL of 72% HCIO, and 0.1-0.2 g of AgsSO,. Steam
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distillation then carried out, with the temperature of the distilling flask main-
tained at 135-140°C. About 500 mL of the distillate were collected, and after
neutralization, they were transferred to a 500 ml volumetric flask and made
up to a volume with redistilled water. 20 mL of the neutralized distillate
was taken inte a 30 mL quartz cuvette followed by the addition of 1 mlL
of 0,02% SPANDS solution, and 1 mL of acetate buffer {prepared by mixing
200 mL of IM CH,;COONa and 196 mL of IM HC! end diluting to 1 liter.
The mixture was then titrated with a Carl Zeiss-Jena Specol with a titration
set Ti. A 4.0 x 107*M ThiNOs). x 10 HzO solution was used as a titrant
(A = 562 nm). A callbration curve was prepared using solutions of known
fluoride concentrations. The calibration curve was linear within the range of
0.0 to 1.0 ugF/mL.

Table 1

Ftuorine Content in Edible Portions of Vegetables and Fruits
Grown near Glassworks at Inowrocfaw {mg/kg dry sample).

Spectrophotometric  Potentiometric

Vegetation method method
Sorrel 149 1427 -2
Leek 135 141 -

Parsley leaves 1910 1890 -

Parsiey root 19.6 19,2 -

Carrot 7.4 - 7.0
Celery leaves 195 197 -

Celery root 9.0 - 8.8

Chives 29.3 28.5 -

Red beet root 18.1 17.0 -
Red beet leaves 2030 1780 -
Young red beet leaves 322 300 -

Cabbages 8.2 - 6.6

Cucumbers 13.7 - 14,6
Pears 9.5 - 10.4

Potatoes 3.4 - 3.5
Apples 4.4 - 4.6
Plums 7.8 - 1.2
Onions a4 - 3.2

Pumpkin 5.9 - 5.6

Marjoram 2430 2600 -

' Based on method I}
2 Based on method I

Fluoride
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Results and Conclusions

The results of fluoride determination obtained by the spectrophotometric
and potentiometric methods are presented In Table 1. Fluoride contents of
the experimental plant samples were considerably higher than those of the
vegetation grown in non-contaminated areas.

Table 2 shows the fluoride contents in several species of plants determined
by four different metheods. In the case of carrot and celery roots, it was not
possible to determine the fluoride content by potentiometric method following
fluoride isolation by the microdiffusion method in Obrink’s chambers. Because
of low fluoride content’ and only 2 limited amount of plant material that could
be placed in the Obrink’s chamber, the concentrations of the sample sclutions
were too low to be determined by this method.

Table 3 shows the recovery of fluoride added to plant samples obtained
by the above-mentioned four analytical methods. In the case of carrot and
celery roots, fluorlde recovery by the potentiometric method following fluorine
isolation was determined, taking for the calculation the fluorine content In
these plants, essayed by method I, that is by the potentiometric method
without fluoride isolation.

Table 2

Determination of Fluoride in Selected Species of Plants
by Four Analytical Methods (mg/kg dry sample)

Tissue
Parstey Parstey Cetery Celery Red beet
Method leaves root leaves root leaves Carrot

Spectrophotometric 1840 18.4 196 8.8 2050 7.1
method using rutin-
Zr(IV) complex 1980 20.7 194 9.8 1920 7.4

1870 19.6 195 8.4 2130 7.3

1930 19.7 - - - -
Pctentiometic 1950 21.6 192 - 1800 -
method following . _
fluaride isolation 1850 17.3 198 1620

1900 18.8 202 - 17.5 -

1850 - - - 1850 -
Potentiometric 1790 16.8 200 9.3 1760 7.1
method without
fluoride isolation 1750 20.7 194 8.3 1860 6.7

1750 19.3 195 8.7 1690 7.3
Spectrophotometric 1760 18.0 193 9.3 1850 1.7
titration method
using SPANDS-(Th) 1790 22.0 179 8.6 1820 7.1
complex 1860 17.0 202 10.9 1770 6.3
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Table 3
Recovery of Fluoride Obtained by Four Analytical Methods

Sampla
Parsley Parsley Celery Celery Red beet Carrat
leaves root leaves root leaves
Method ug F
ug F ug F ug F ug F ug F added/found
added/found  added/found added/found added/found added/found
Spectrophotometric 200/211 4.00/4.42 20.0/22.3 4.00/3.42 200/166 3.00/3.16
method using rutin-
Zr{tv) complex /180 £3.75 /18.4 /3.57 /229 /3.16
/214 /3.62 /20.3 /4.23 /183 /3.10
1202 /3.88 /19,2 /4.24 /195 1317
Potentiometric 200/201 10,0/10.5 25.0/26.4 25.0/24.7 200/185 25,0/23,7
method following
fluoride isolation /198 f10.7 /27.3 /23.0 1205 /25.4
/200 / 91 /23,2 /22,9 /183 /24,6
/195 / 9.0 /25.6 1247 1201 /24,6
Potentiometric 1000/ 977 100.0/95.8 500/501 50.0/48.2 1000/951 50.0/50.8
method without
flyoride isclation / 837 /99.0 /494 /48.2 /998 /50.1
/1001 /104.3 1477 /47.0 /966 /47.3
Spectrophotometric 5000/4570 100.0/93.6 1000/956 50.0/41.7 5000/4630  50.0/46.0
titration method
using SPANDS-(Th) /4680 793.9 /967 /48,7 /4740 /49,3
complex /4790 /92.1 /968 /48.0 /4680 f41.3
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Tahle 4
Summary of Experimental Data Obtained from Use of Four Analytical Methods

Method 1: spectrophotometric method; Method 2: potentiometric method following
Huoride isolation; Method J: potentiometric method without fluoride isolation;
Method 4: spectrophotometric titration method

Average Contant Variability Average Recovery of F
Product Method of F s.0. Coafficient Adaed/F ound/Found
mo'kg (dry product) ug/ug/ %

Parsiey ] 1910 62 225 200/ 204/102.1
feaves N 1860 Y 2.54 200/ 199/ 99.5
mn 1760 23 1.3 1000/ 971/ 97.1
v 1800 51 2.83 5000/4680/ 93,6
Parsiey I 19.8 0.54 4.80 4.00/ .92/ 98.0
foot b 19.2 2.18 11.35 10.0/ 9,80/ 98.0
" 18.9 1.98 10.48 100/ 99.7/ 99.7
tv 18.0 2.65 13.95 100/ 93.1/ 93.1
Calary 1 195 10 92,51 20.0/ 20.3/101.5
teaves i 197 50 2.54 25.0/ 25.6/102.5
i 196 3.2 1.63 500/ 491/ 98.1
v 191 1.6 6.07 1000/ 964/ 96.4
Celery | 9.0 072 8.00 4.00/ 3.87/ 96.6
root Il - . - 25.0/ 23.8/ 95.2
m 8.8 0.50 5.58 50.0/ 47.8/ 95.6
v 9.6 1.18 12.29 50.0/ 48.1/ 96.3
Red baet | 2030 106 5.22 200/ 193/ 96.5
leaves 0 1810 42 2.32 200/ 196/ 98.0
i 1770 85 4.80 1000/ 972/ 97.2
v 1810 40 2.21 5000/4680/ 93.7
Carrot ) 7.3 0.15 2.05 3.00/ 3.12/104.1
I - - . 25.0/ 24.6/ 96.4
m 7.0 0.31 4.43 50.0/ 49.4/ 96.8
v 1.0 0.70 10,0 500/ 47.6/ 95.2

a. The resuits obtained from fluoride analysis by use of the spectrophoto-
metric method {method I} are generally higher than those obtained by
other methods. This is especially evident with analysis of plant tissues
containing high fluoride levels.

b. The results obtained by use of the potentiometric method (method I} In
which fluoride was first isolated by the microdiffusion method approximate
most of those obtained by the spectrophotometric method {method I). It
seems that fluoride isolation by microdiffusion i3 the most advantageous
method because of a lower loss of fluorine than with the distillation
method or by ashing (potentiometric, method III).
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The above-mentioned conclusion is supported by a study of the recovery
of added standard fluoride amounts by both these methods, Le. the
spectrophotometric method and the potentiometric method following
fluorine isolation. The recovery of [fluorine standard with these two
methods was 96.5-104,1% and 95.2-102.5%, respectively, A distinctly lower
recovery (93.1-96.4%) of fluorine was obtained with the spectrophotometric
titration method {method IV), where fluoride was first lsolated by steam
distillation. In cotnrast the potentlometric method (method Ill) without
prior fluorine isolation yielded a 97.1-99.7% recovery.

Conclusion

From these experimental dste it is concluded that the newly developed

method for determining fluorine, based on the formation of rutin-Zr{lV)
complex, is comparable with other methods already in use and is suitable For
fluoride determination in plant material.

I

10,
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RADIOLOGICAL AND HISTOLOGICAL STUDIES ON BONES
OF EXPERIMENTAL RABBITS IN SKELETAL FLUOROSIS

by

Huo Deijei* and Zhan Chongwan
Guizheou, China

SUMMARY: Thirty albino rabbits, ranging in weight from
1 to 1.5 kg, were segregated into three groups of ten each.
Ten were fed 50 mg NaF/day/kg of body weight, ten i0 mg
NaF/day/kg body weight, and ten served as controls. Seven
months later, after being sacrificed, their bones were studied
by light microscopy, scanning electron microscopy, and x-rays.

Compared with controls, the experimental animsls, especlally
those fed 50 mg NaF/day/kg of body weight, showed
prominent subperiosteal new bone formation and multlple
exostoses. Some showed osteoporosis at the distal end of
radius, ulna and phalangeal bones. Unlike human fluoresis,
in these animals, radiological changes were prominent only
in long tubular bones of the extremities. Nevertheless, no
prominent changes were discerned in bones of the trunk.
Light microscopy and scanning electron microscopy revealed
that both new bone formation and old bone resorption were
disturbed and occured more speedily.

KEY WORDS: Bone resorption; Experimental animals; New bone formation;
Osteoporosts; Osteosclerosis; Skeletal fluorosis.

Introduction

Endemicity of foodborne skeletal fluorosis In Guizhou, China, and fts
radiological characteristics were reported by one of the authors In 1981 and
in 1984 (1,2). Later, the disease was also found in the neighboring provinces
of Hupei, Yunan and Slchuan. At first, it was belleved thar the high fluoride
content In Guizhou food was derived from soll. Shortly thereafter some investi-
gators reported that much of the fluoride In food resulted from air contamina-
ted by baking and drying it In ovens. To disclose some mechanisms of
flugrosis, the authors made the followlng observations.

Material

30 albino rabbits, ranging in weight from 1 to 1.5 kg, were segregated
into three groups of ten each. They were all ralsed under the same experi-
mental conditions except two groups which were fed 50 mg and 10 mg
NaF/day/kg of body weight respectively. One group served as a control. After
seven months the animals were sacrificed for observations,

& Department of Radiology, Guiyang Medical College, Guizhou, People's
Republic of China.
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Radiological Observations

Upon radiological examination, the controls demonstrated smooth and
clear cortical surfaces without signs of accelerated subperiosteal new bone
formation. There were no signs of ossification or calcification of tendons
and ligaments, no exostoses, no osteophytes. The demarcation between cortex
and medullary cavities was distinct. In long tubular bones of the extremities,
the provisional calcification zone appeared as a dense transverse line at the
metaphyseal end. Most of the epiphyseal cartilaginous discs were indistinct
and could not be discerned.

In the group fed the lower NaF dosage, radiological appearances were
essentially like the controls except that subperiosteal new bone formation
of minimal degree could occasionally be noted in long tubular bones.

In the higher dosage group, all animals showed prominent subperiosteal
new bone formation. This change was accentuated on surfaces of radius, ulna
and other long tubular bones of extremities which resulted in formation of
multiple exostoses protuding outward from the cortex. The contour of bones
became uneven and irregular (Figures 1,2,3). Some osteoporosis with widening
of the medullary cavity and thinning of cortex at the distal end of radius,
ulna and phalangeal bones was observed (Figures 4,5). Unlike fluorosis in
humans, the spine and pelvis on radiograms appeared essentially normal.

Figure 1 Figure 2
Bony prominence on the cortical Bony prominences on the anterior
surface of a higher dosage animal and posterior surfaces of a higher
protrudes outward. dosage animal.

Fluoride
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Figure 3 Figure 4
Bony prominence at various sites Marked  cortical  thickening  and
of long tubular bones. exostosis on the shaft of radius.

Widening of medullar canals and
osteoporosis at distal ends of radius
and ulna. Fracture at upper end
of humerus was a postmortem arte-
fact.

Figure 5

In the bilateral forelegs of a higher
dosage rabbit, medullary canals were
widened, bones porotic, with some
cortical thickening.

Figure 6

On the cortical surface of a radius,
subperiosteal osteoblasts were abun-
dant and conglomerated (black
arrow). White arrows indicate blue
stained, poorly calcified chondroitin
sulfate. LM x240.,

Light Microscopic Observations

ror light microscopy, bone samples, excised from the carcases, were
fixed in 10% formaldehyde. After decalcification in 5% nitric acid, the samples
were embedded in paraffin, sliced into 7 micrometer - thickness, and stained
with either Mallory’s trichrome or haematoxylin and eosin. In the controls,
a layer of periosteum with its subperiosteal tissue, which was of relatively
even thickness, could be detected. The cortex and trabeculae were well
calcified.
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Light microscopic appearances of the lower dosage animals were essentially
like those of the controls except that osteoblasts were increased in number

in some areas of the periosteum.

In the higher dosage group, periosteal osteoblasts were prominently in-
creased in number and agglomerated, forming a layer of new bone tissue
on the cortical surface (Figure 6). In some areas of the extremities, the newly
formed bone tissue was very thick, protruding outward. Osteoclasts were scant

and found on the endosteal surface.

metaphyseal trabeculae of the radius;
presumably they resulted from accel-
erated resorption of bone tissue in
this area (Figure 7). Much chondroitin
sulfate, stained blue, was noted
in bone tissue (Figure 6). Some
trabeculae were thickened, whereas
others were thinned. In some areas
of the epiphyseal -cartilage, chon-
drocytes were arranged out of align-

ment. .

Figure 7
At the metaphyseal end of radius,
osteocytes scant, many trabeculae

had vacuoles. LM x240.

Bony prominences on cortical surface
(arrows). SEM x300.

Many vacuoles could be noted within

Figure 8

Multiple osteocyte lacunae on corti-
cal surface. SEM x600.

Figure 10

Endosteal medullary surface rough
and uneven, with multiple osteocyte
lacunae and a blood canal (marked
V). SEM x500.

Fluoride
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Scanning Electron Mijcroscopic Observations

After fixing in 10% formaldehyde, the bone samples for scanning electron
microscopy were Immersed In 5% sodium hypochlorite to ellminate organic
components after which they were coated with gold and studied under scanning
electron microscope.

In the controls, the cortical surface was smooth with osteocyte lacunae
regularly scattered. Both cortical and trabecular surfaces were calcified, In
animals fed the lower dosage of sodium flucride, osteocyte lacunas on the
cortical surface were slightly increased in number, indlcating activated new
bone formation. In the higher dosage group, osteocyte lacunae on the cortical
surface were further increased in number, forming small prominences protruding
outward. The surface was weill calcifled (Figures 8,9). In contrast, the tra-
becular surface fn this group was rough and poorly calclfled. The endoateal
surface of the medullary cavity Hkewise had a similar appearance to that
of the trabecular surface {(Figure 10). On these surfaces, both osteoblastosis
and bone resorption were active,

Discussion

The three groups of animals showed many morphological differences In
their radiological and histologlcal appearances, differences which must be
attributed to administration of sodium fluoride. Accelerated new bone formation
is a noteworthy change, especlally in animals given higher dosage, which
developed unevenly. In some areas of the cortical surface, It produced
prominent exostoses protruding outward, whereas, In other areas, it was Indis-
tinct and could hardly be discerned. It was noticeable only in long tubular
bones. No significant changes were noticeable in bones of the trunk.

It is well known that, in human fluorosis, bones of the trunk are more
severely affected than those of the extremities. This is not the case in
animals which suggests that weight bearing and muscular traction might play
a role in the development of skeletal fluorosis. Since humans are always in
upright position, the spine and pelvis act as the most important weight bearing
organs. Rabblts do not maintain an upright position like humans; therefore
their spine and pelvis do not bear as much welght., In the presence of toxic
levels of fluoride in the blood stream those bones, the function of which is
weight bearing or muscular traction, develop osteosclerosis and new bone
formation much more prominently than others.

The present communlcation once again proves that fluoride can stimulate
csteoblastosis. Formerly, the authors reported that collagen flbers In fluorotic
bone tissues were abnormal (3); they are tortuous, swollen, and Irregularly
orlented. In fluorosis, large amounts of abnormal collagen flbers, lald down’
by stimulated and activated osteoblasts, which are subsequently calcified, give
rise to the new bone detected on the cortical surface and elsewhere.

The authors presume that vacuoles In trabeculaee were caused by acceler-
ated bone resorptlon which accounts for the porotic areas on radiograms.
Normally, bone resorption takes place through osteoclastosis on the endosteal
surface and elimination of degenerated bone tissue within trabeculae. Normal
resorption of degenerated bone tissue within trabeculae does not leave gaps
there, because the space left can soon be [filled by other cells. In fluorosis,
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the process of beone resorption Is also activated and speeded up. In these
experimental animals, epiphyseal chondrocytes were out of slignment, signifying
that endochondral osteoblastosis was also disburbed.
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CHANGES IN GLYCOGEN CONTENT IN SOME TISSUES
DURING FLUOROSIS — AN EXPERIMENTAL STUDY ON RABBITS

by

Shashi*, ).P. Singh and S.P. Thapar
Patigla, India

SUMMARY: Sodium fluoride significantly decreased the
amount of glycogen In spieen, lens, liver and skeletal muscle
of young albino rabbits of both sexes during chronic intoxi-
cation. By contrast, the level of giycogen was significantly
raised in the ovary of all treated rabbits. The decrease/fin-
crease In concentration of glycogen was directly correlated
with the dosage of fluoride administered and duration of
exposure. The results lend support to the Involvement of
the soft organs in fluorosis.

KEY WORDS: F~  effects; Glycogen content of lens, liver, ovary, skeletal
muscle, spleen; Glycogen levels; Rabbits.

Introduction

The metabolic alterations responsible for either acute or chronic fluoride
toxicity to animals are not well understood. In contrast, the in vitro effects
of fluoride on many enzymes are well known {1). Investigations of the action
of fluoride on tissue glycolysis, have been maily concerned with the transfor-
mation of carbohydrate In muscle. Embden et al. (2] showed that the break-
down of hexose-phosphate in minced muscle or muscle extract s inhibited by
flucride. Fluoride 1s claimed to effect the hepatic-glycogenolysis (3). The
knowledge of the metabolic changes induced by sodlum fluoride poisoning in
the Issues of animals Is far from complete. The present study was undertaken
to find out the effect of fluoride on glycogen metabolism in some tissues of
albino rabbits of both sexes.

Materials and Methods

Young, albino rabbits of both sexes, obtained from Kaila Scientific Corpor-
atlon, Agra, used .In the present studles, were divided into six groups of 12
animals each. the control group was given 1 cc distilled water/kg body weight;
the experimental groups, sodium fluoride injection In the concentrations of
5, 10, 20 and 50 mg/kg body weight/day for 100 days. All groups maintained
on & standard laboratory diet, were given drinking water ad libitum. At the
<nd of 100 days experimental period, the rabblts were anesthetized with ether
and pleen, lens, ovary liver and skeletal muscie from control and treated
rabbits were dissected out and preserved in ethanol for the extraction of
glycogen. Glycogen was extracted by digesting the specific organs in 30%
KOH; subsequently they were precipitated In 95% ethanol thrice as suggested
by Hesatley {4). The extract was prepared by disolving the drled mass in a
known volume of distilled water. The glycogen content was estimated by
the method of Montogery (5). Levels of statistical significance were determined
by means of student's teat,

® Department of Zoology, Punjabi University, Patiala-147 002, India.
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Figure 1
The Changes in Glycogen Content in Organs of Rabbits of Both Sexes During
Experimental Fluorosis.
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Results

Table 1 (Figure 1) indicates the effect of fluoride on the glycogen content
of spleen and lens of rabbits of both sexes. The concentration of glycogen
in spleen of male rabbits, 9.500 mg/g w.w., decreases insignificantly in Group
I followed by significant fell {p < 0.001} in subsequent fluoridated experimental
groups. The female splen shows significant {p <« 0.001) reduction in glycogen
content in all experimental groups. Decline in glycogen content In § mg vs
10 mg F group is insignificant.

The amount of glycogen in male lens, which fell from 26,686 mg/g w.w.
{control} tw 0.280 mgfg w.w. (in 50 mg F group), was highly significant
(p « 0.001). In females the leve! of giycogen in the lens is 23,416 mg/g w.w.
which is less cthan that for males; it decreased to 0.680 mg/g w.w. In the
highest fluoride group.

The ovary which possesses 2,240 mg/g w.w. of glycogen in controls (Table
2) is elevated in all fluoride groups; the highest values were 26.133 mg/g w.w.
and 56.666 mg/g w.w. in the 20 and 50 mg F groups respectively. Whereas,
increase in glycogen content in the 5 mg vs 10 mg F group s insignificant,
in the I} mg vs 20 mg F group and fn the 20 mg vs 50 mg F group, It
is highly significant {p < 0.001),

VYolume 21, No. 2
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Table 2 lilustrates the depletion in level of glycogen in liver and skeletal
muscie of albino rabbits given 5 to 50 mg NaF subcutaneously. The rapid
fall of glycogen level in both organs is directly proportional to the amount
of fluorlde edministered. In_liver, the concentration of glycogen declines to
2.630 mg/g w.w. (50 mg F group} compared to male controls (13.676 mg/g
w.w.). In females, glycogen content fell from 19.146 gm/g w.w. to 3.624 mg/g
w.w. In the highest F group; skeletal muscle also shows a rapid decline in
glycogen content in all fluoride groups which is highly significant {p « 0.001)
in both sexes.

Discussion

Interference with carbohydrate metabolism s frequently noted following
acute fluoride Intoxication (6)., Fluoride poisoning induced dramatic changes
in carbohydrate metabolism, which manifest themselves as a rapid decline
in glycogen concentration in spleen, lens, liver and skeletal muscle of treated -
male and female rabbits. The marked changes In the tissue glycogen concentra-
tlon produced by varylng doses of fluoride (5, 10, 20 and 50 mg F) indicate
enzyme Inhibitlon of fluoride. Fluorides are recognized as strong inhibitors
of enzymes assoclated with glycolysis (7). The enzyme enolaze, present In
all tissues, is a dehydrase involved In the anaerobic mechanism of carbohy-
drates. Activated by magnesium and in the presence of a phosphate buffer, it
is Inhibited by fluoride with the formation of magnesium fluorophosphate (8-
10}, In spleen, lens, liver and skeletal muscle, loss of glycogen In the fluoride-
treated animasls indicated that it caused glycogen breakdown. Handler et al. {6}
claim that fluoride poisoning is also accompanied by depletion of liver and
muscle glycogen and elevated bliood lactate. In rabbits admlinistered 250 mg/kg
of NaF In 50 cc distilled water, glycogen content Is significantly lowered
for 2 hours in skeletal muscle. In chronic fluoride intoxication, produced in
rabbits given daily 10-30 mg NaF/kg body wt for 15-159 days, glycogen content
decresses In liver and skeletal muscle (11). Annison et al {12} claim a change
in glycogen level in liver of sheep given a single lethal dose of fluorcacetate
(0.1 mg/kg FAC at 3 day intervals} and a parallel Increase in concentration
of glucose and lactate in the blood. In hamsters, [luoride decreased glycogen
in hepatocytes (13}, Decrease in glycogen content in liver and skeletal muscle,
during fluoroacetate polsoning, has been attributed to accumulation of cltrate
and lowering of adencsinetriphosphate in tissues due to blockede in tricarboxyllc
ecld cycle at citrate state (14). McGown and Suttie (3) noted a fall in glycogen
level of liver and skeletal muscle in rats administered 20 mg F/kg body wt.
over 2 hours. Fluorides are well known stimulators of adenyl cyclase in broken
cell preparacions (1). Hyperglycemia may result from many factors in addition
to hepatic glycogenolysis, Including gluconeogenesis, and lactate mobilization
from muscle,

Lonclusion

The depletion of glycogen In spleen, lens, llver and skeletal muscle of
fluoride-treated rabbits, is due to rapid hepatic glycogenolysis, lactate mobili-
zatlon from muscle snd Inhibitlon of enzymes, enclase, Increase In the level
of glycogen In the ovary of fluorotic rabbits may be hormonal; this action
of fluoride remains to be demonstrated,

Fluoride
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PHYSICAL DEVELOPMENT OF CHILDREN IN AREAS
POLLUTED BY INDUSTRY

by

H. Pilawska*, T, Mikulski and B, Mietkiewska
Szczecin, Poland

SUMMARY: Children aged 4 and 10 years from an area where
air is polluted by industry (fluoride and sulfur compounds)
were compared with children from a control area without
air pollution. The level of F in groundwater was identical,
namely 0.2 ppm; living conditions of the children were
similar. The degree of exposure to fluoride was estimated
by its level in the urine. No differences in 20 anthropometric
features were discovered between the groups of children, ex-
cept for more frequent occurrence of less weight In 10 year
old boys exposed to changing ecological conditions since birth.
The lower level of fluoride in urine of controls was statis-
tically significant.

KEY WORDS: Anthropometric features; Child development; Effects on children;
Environmental F; Poland, Police.

Introduction

The purpose of this study, a part of the country-wide investigation spon-
sored by the Polish Ministry of Health, was to monitor the state of health
of the population residing in densely industrialized regions. Here the physical
development of children in an area polluted by industry was compared with
that of their peers living in an area unaffected by ambient contamination,

Materials and Methods

Two groups of children 4 and 10 years old, chosen at random in kinder-
garten and grade school, had been living since birth at Police, a town of
approximately 20,000 inhabitants situated close to a big chemical factory pro-
ducing three-component fertilizers. The air in the neighborhood exceeded the
limits for admissible concentrations of fluoride and sulfur compounds (Figures
la and 1b), The pollution led to biological devastation of nearby forests, as
well as increased morbidity of the local population which suffered from res-
piratory tract and superficlal eye diseases (1,2}, The control group consisted
of children in corresponding age groups living in the town of Stargard
Szczecifiski about 50 km distant from Police, where no excessive concentration
of the above-mentioned substances in the air was recorded.

A total of 810 children was studied. All experimental variables, evident
within one month since the birth of each child, were taken into account. The
measwrements for providing anthropometric data were carried out by the same
team of investigators using the Martin Saller method {3). The examination

® Asst, Prof. Halina Pllawska, M.D.,, Head, Chair of Social Medicine,
Pomeranfan Medical Faculty, {Pomorske Akademia Medyczna), Katedra
Medycyna Spolecnej, Al, Powstaficbw Nr 72, 70-111, Szczecin, Poland.
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of IQ-year-old chiidren focused on the number of permanent teeth, and the
presence of mottled enamel. Concurrently, the fluoride level In the urine In
relation to creatinine, phosphorus and hydroxyproline levels was assessed. Urlne
flugride concentration was measured with an ion-specific electrode {Orion 9609}
tn conjunction with pH meter after dilution with an equal volume of Total
lonic Strength Buffer (Orion 940909).

Urinary fluoride concentration measured to monitor fluoride absorption,
was corrected on the basis of creatinine concentration by Jackson and
Hammersly (4), Hydroxyproline was assessed by the Bergman-Loxley method
{5). Parents of the children were interviewed regarding socio-economic status,

Table 1

Mean Values of Fluoride (mM), Creatinine (M} in Urine
of Examined Children, Aged 4 and 10 Years

Environment Age Sex Number of Fluoride {mM)
Chiidren Creatinine (M)

X t 5D P

4 Girls 64 4.6 1.4 < 0.01
Polluted Boys 56 4.4 1.3 < 0
Area 10 Girls 61 5.6 2.2 <« 001
Boys 42 5.9 2.0 < 0.0

4 Girls S0 34 1.1

Control Boys 59 2.7 0.8

Area 10 Girls 78 3.7 1.3

Boys 47 2.6 1.2

Table 2

Mean Values of Inorganic Phosphorus in Urine

of Examined Children, Aged 4 and 10 Years

Environment Age Sex Number of Inorganic

Chiidren Phosphorus (mM)
Creatinine (M)
x t+ SD P

4 Girls 38 2.45 2.2 » 0.05

Polluted Boys 41 5.14 2.4
Area 10 Girls 61 3.7 1.0 < 001
Boys 53 4.6 2.1 < 0,01

4 Girls a3 3.8 1.2

Control Boys 30 4.83 2.8

Area 10 Girls 76 5.4 2.8

Boys 47 5.9 a7
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educational level, mother’s employment and number of siblings. The statistical
significance of the difference between the mean values of the studied features
was determined by Student’s t-test, and the x? test determined the statistical
significance between the percentages in children exhibiting disproportions in
the basic anthropometric data.

Table 3

Mean Values of indices of Hydroxyproline in Urine
of Examined Children, Aged 4 and 10 Years

Environment Age Sex Number of Proportion Hydroxy-
Children proline (mM) to
Creatinine (mM)

X _+* SD P

4 Girls 82 0.093 0.052 <« 0.05
Poltuted Boys 74 0.108 0.047 <« 0.05
Area 10 Girls 61 0.088 0.054 « Q.05
Boys 53 0.074 0.034 <« 0,05
4 Girls 68 0.098 0.049
Control Boys 79 0.08 0.039
Area 10 Girls 78 0.100 0.046
Boys 47 0.078 0.032
Results

To eliminate the effect exerted by noted differences within social factors,
the role of which in this country is still considerable (6,7), the socio-economic
data, of the studied children in both environments, were analyzed. In the con-
trol region more divorces took place In families and almost four times as
many were single mothers. Altogether 13.2% children in the control region
were living in incomplete families, while in Police this occurred in only 7.6%
of children. This unfavorable finding was compensated by the fact that in
the control reglon 9.2% of parents had secondary or higher education whereas
in the polluted area such cases were only 4.9%. More females in the polluted
reglon were not employed professionally which enabled them to give better
care to their offspring, but reduced the average family income. No significant
differences in the number of siblings in the respective areas was observed.
Predominantly in both areas, families consisted of couples with two children;
slightly more than 2% were multi-member families, having more thsn 4
children, The above data do not represent significant socio-economic differ-
ence between families living in the polluted and control environments.

Among environmenta! factors, fluoride compounds constitute the severest
life-threatening agent. The average annual norm in the air was greatly ex-
ceeded, namely 0.0016 mg/m® (Figure la) as distinctly lllustrated by the urinary
fluoride level of the children under Investigation, Our results proved to be
dependent on the age and place of residence. The lowest mean values were
found in 10 year old boys (2.6 ¢1.2 F per mol of creatinine 10™°) and in girls
{3.7 £1.3) living in the control area.

Fluoride
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Figure la. Figure 1b.
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Concentrations in urine were higher in the polluted area, The differences
appeared to be statistically significant in the level p « 0.05. The urinary
fluoride leve! was higher and in close relationship with the children’s age —
highest in 10 year olds, Statistically significant differences were also revealed
in inorganic phosphorus levels in urine which, in !0 year old children living
in the polluted area, was lower compared with controls. Those differences
were not detected in four year old children, an cbservation which may be
elucidated by the effect of F on the metabolism of bone and collagen tissues
(8}, However, nutrition should not be overlooked.

The determination of hydroxyproline levels in urine per meol creatinine
may serve as next index designed to evaluate disturbances in the development
of bone and collagen tissues. Differences in body weight must also be taken
into consideration. However, there were no statistically significant differences
in urine hydroxyproline levels in the investigated groups. An additional effect
of prolonged exposure to fluoride — chenges in dental enamel — was recorded.
Mottled enamel, a characteristic sign of fluorosis was visibly more frequent
in 10 year old children in poiluted regions, involving up to 12.9% of the studied
subjects. The mottling might also be due to fluoride added to drinking water
as caries preventive (8,9). The more frequent appearance of mottled enamel
was accompanied by somewhat better DMF indices, characterizing the caries
degree. No differences in the average number of permanent teeth in 10-year-
old children which could be associated with accelerated maturation was dis-

closed.

The averages of the studled features pertaining to the four year old child-
ren differed no more than one half of standard deviation, both in plus and
minus, from the average values in controls. Circumference and length of lower
extremities — the biggest amounted to 64% of standard deviation. In 10 year

Volume 21, No. 2
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old children, the distribution of wvalues of measured features is similarly
differentisted; however, differences in favor of girls in the polluted area were
preponderant, because I8 out of 20 studied characteristics fit into the zone
of positive differences. But these differences. were slight; in only two features
they exceeded the value, hardly reaching one half of standard deviation. After
10 year's exposure to polluted air, the development of children did not differ
significantly from that in controls. Children weighing more than 110% of
average in relation to body height were classified overweight; those below
80%, underweight. Underweight occurred at a higher rate in boys (23.8% of
the total) in the polluted area. The difference is statisticelly significant.
Underweight, less frequent in girls, was more prevalent in controls.

Table 4

Parcentage of Children with Mottled Enamel

Environment Age Sex Number of Mottled

Children Enamal
N* %
4 Girls 111 1 0.9
Poiluted Boys 101 2 1.9
Area 10 Girls 105 12 11.4
Boys 1M 13 12.9
4 Girls 93 0 4]
Control Boys 117 1 0.8
Ares 10 Girls 109 6 8.5
Boys 103 5 4.8

*N is number of children with mottled enamel,

Discussion

According to the literature, anthropometric measurements of chiidren are
affected by pollution due to industrial emissions (6,7). The toxic effect of
flucrine may be explained by the fact that it rapidly decreases the calcium
level in plasma, replaces calcium phosphate by celcium fluoride in the bone;
simultaneously it affects alkaline phosphetase activity. These changes may
influence the child’s growth and lower the body welght of those exposed to
fluoride. We failed to verify those observations, although urinary flucride level
and increased rate of mottled enamel undoubtedly prove that the studied popu-
lation is exposed to ever-increasing and harmful emissions of fluorine into the
alr. Worsening of anthropometric indices for physical development may be
countered by adaptation of individuals who survived the fetal period, when the
organism is most susceptible te the noxious environmental influence (1,10,11),
This is apparent from previcus studies on mothers in regions where Infants
were two to three times more frequently stillborn and the perinatal mortality
rate was higher. The extent of adaptation is unknown.

Fluoride
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Conclusion

Further monitoring of the health and development status in regions exposed

to industrial pollution is indispensable. At the same time, no efforts should
be spared in reducing the number of such regions.

9.
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SUBCELLULAR EFFECTS OF FLUORIDE
by

J. Elsair* and K. Khelfat
Algiers, Algeria

SUMMARY: Fluoride induces toxicologica! effects in different
tissues when ir is administered in vivoe and, to a lesser
degree, in_vitro. The action of fluoride on subcellular compon-
ents such as membranes, mitochondria, and the systems in-
volved in protein synthesis including the nucleus, polysomes,
mitochondria, and hyaloplasm, has been reviewed.

KEY WORDS: F toxic effects; Hyaloplasm; Membranes; Mitochondria; Protein
synthesis; Polysomes.

Introduction

Subcellular action of fluoride {F~ administered in vivo and in vitro, has
been studied, This paper reviews the effects of F~ on various subcellular sys-
tems: membranes, mitochondria, and the systems invelved in protein synthesis,
including the nucleus, polyribosomes, and hyaloplasm.

Fluoride Effects on Different Subcellular Systems

Effect on membranes (Figure 1). When F~ is administered in_vivo, it appears

to efther increase or decrease Intracellular cAMP levels {1-4) due to enhancing
or inhibiting the activity of adenylcyclase (3-7). These effects of fluoride are
less pronounced when fluoride is administered in vitro. The level of cAMP
in the membrane reflects an equilibrium between adenylcyclase-dependent syn-
thesis and phosphodiesterase—cata!yzed degradation. One cannot conclude that
F~ activates the entire system. Adenylcyclase {Ac) activity can be increased
or decreased depending on whether it is present in the inactive {phospho) form
or in the active (diphospho} form (1). The membrane Na pump involved intra-
cellular K and extracellular Na can be depressed in the presence of fluoride
{8). No information is available concerning the effect of F  upon the second
cyclic nucleotide membrane system, i.e., guanidylcyclase mediated cGMP syn-
thesis. Activation of this system by somatomedins, and of Ac by growth hor-
mone, have been reported (9-11). Little information is available concerning
the action of F on membrane phospholipids (12), movement of calcium into
and out of the membrane in conjunction with the cGMP system (10,11}, and
internalization of glycoprotein which is transferred from membrane to the
intracellular medium. Insulin action has, therefore, been proposed (I3).

Effect on mitochondrial system {Figure 2). Mitochondria are the storage site
of celluler energy: ATP is synthesized from ADF and AMP, and the synthesis
is catalyzed by Na -K* ATPase, Mg'® ATPase and HCO, ATPase (14}, ATP
is used for synthetic purposes. Movements of calcium occur between hyalo-
plasm, mitochondria, and endoplasmic reticulum (10). Fluoride impairs aerobic
and anaerobic glycolysis (15}, Krebs cycle and, particularly, reduces citrate

®  Lsboratory of Medical Physiology, Institute of Medical Sciences (INESSM),
2 DIDOUCHE Mourad Street, Alglers, Algeria.
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Figure 1

Fluoride and Membrane Receptors
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Figure 3
Fluoride and Protein Synthesis
Polypeptides Synthesis is dependent on
Nucleus/Polyribosomes/Mitochondria/Hyaloplasm activities
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reduced {22,23) and Mg“ATPase level may be decreased (18} or iIncreased
{21). Hepatic damage caused by carbon tetrachloride intoxication in rats may
not be enhanced by fluoride, which produces major liver alteration itself {21).
Mitochondrial levels of ATP and ADP are decreased by fluoride {18,24). Move-
ment of Na' and K' fons across mitochondrial membrane are reduced (2%).
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Additiop of Mg restores the lowered oxygen consamption to normal, as wel)
as Mg -dependent ATPase, and mitochondriel membrane movements (18).
Finally, fluoride induces histological and functtonal alterationt of the energetic
activity of mitochondria and the whole cell (25).

Effect on Protein Synthesls (Figure 3}, Fluoride is known to reduce protein
synthesis (1,26,27% In bone, F~ causes proteogiycans (fundamental substance)
to Increase, but collagen decreases markedly {28,29). Fluoride .inhibits the
growth of cellular cultures (1,26,27,30). At the subcellular level, protein syn-
thesis is altered Chromosomes are gltered morphologically (30,31), and & mute-

nic effect i3 sometimes present. Nuclear DNA is either decreased
1,26,27,30) or remains unchanged (32). Intraecellular mRNA is decreesed
(22,25,33). Polyribosomes sre partlaily disintegrated {1,25,33) whereas rRNA
is reduced, and ribonucieases are incrased (33). Thymidine uptake by DNA
and uridine uptake by RNA are lowered (34). Riboscme transiation, which
stimulates polypeptides synthesls, is altered. Reduction of mitochondrial ATP
could inhibit the activation of hyaloplasmic amino acids, and the functional
value of the aminoacyl tRNA. Protein synthesis can be depressed by fluoride
at different levels Including nucleus, ribosotnes, mitochondria, and hyaloplesm
{29,35). In bone, a proteic cetebolism is present, with an increase of demineral-
ization in spite of relative mineralization {29,36). The effects of F~ on bone,
teeth, liver, kidney, pancreas and collagen, may be exhibited by metabolic
perturbations leading to their dysfunctlon at the subcellular level. The in vivo
effect may be direct, or mediated by a toxicologicel complex F-H acting at
different levels, or amido-F-H, reducing proteln synthesis {37}, in particular.
In_vit the minimal toxicological threshold of fluoride affecting different
functions is more important (36), because of a decreased toxicological actlon
induced by such complexes. So, different concepts can be better understood
‘by studying the in_vivo or in vitro effects of fluoride upon different subcellular
fractions.

Conclusion

Different subcellular techniques should also be used to study: a) cytosolic
contents of cAMP and cGMP (38}, and the peaks at which these compounds
appear during the few mioutes following in vive or in_vitro administration
of fluoride. b) the levels of Ac, Gec, PDE, proteinkinase In membranes or
hyaloplasmic extracts (39-41), and c) the determination of calcium movements
into or out of the membrane {10,11). It appears necessary, also, to employ
other subcellular techniques involved in the study of phospholipid membranes,
or glyco-protein (13) that may be affected by fluoride. Still other techniques,
such ss separation of different subcellular fractions, end use of different sub-
strates following in vivo or In vitro fluoride administration could be studied
in comparison with p[ao&os.m_techniques should be empiloyed in order
to understand fluoride action st subcellualar levela
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NORMAL FLUORIDE CONCENTRATIONS IN SPOT SAMPLES OF URINE
by

Kaoru Kasahara, Takeshi Kondo, and Takashi Nakane
Hirooka Gobara Shiojiri City, Japan

{Adapted from author’s abstract
Fluoride Research 1985; Studies in Environmental Sclence, 27:401-406, 1985}

To evaluate normal urinary fluoride concentrations, F in spot samples
of urine from 1,219 healthy Japaness male adults — considered free from
unusual fluoride exposure In their living or working environment - was deter-
mined. Mid-morning urine samples were collected from 1,047 Ground Self-
Defense Force officlals aged 18 to 58, and first-morning urine samples from
172 farmers aged 50 to 69.

Statistical analysis of the data was carrled out following logarithmic
transformation of the values, since the distribution of fluoride concentrations
was nearly logarithmically normal. Geometric mean values of urinary fluoride
concentrations of officlais and farmers were estimated to be 0.32 mg/L and
0.50 mg/L, respectively.

KEY WORDS: Healthy males; Japan; Urinary fluoride levels.

REPRINTS: Department of Community Dentistry, Matsumoto Dental College,
1780 Hirooka Gobara, Shiofirl City 399-07, Japan.
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SURVEY OF LEAD, CADMIUM AND FLUORIDE IN HUMAN MILK AND
CORRELATION OF LEVELS WITH ENVIRONMENTAL AND FOOD FACTORS

by

R.W. Dabeka, K.F, Karpinski, A.D, McKenzie and C.D. Bajdlk
Ottawa, Ontarlp, Canada

{Abstracted from Fd. Chem. Toxic. 24:913-921, 1986)

Lead, cadmium and flucride were determined in 210 samples of human
milk and the mean and median levels and ranges found were 1.04 and 0.55
ng/g (range <« 0.05-15.8 ng/g) for lead, 0.08 and 0.06 ng/g {range « 0.002-4.05
ngfg) for cadmium, and 7.08 and <4 ng/g (range <2-97 ng/g} for fluoride,
For mothers taking no fluoride supplements and llving In communities with
fluoride {1 ug/g) in the drinking-water, the mean fluorlde level was 9.8 ng/g.
Where no fluoride was present in the drinking water, the mean level was
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4.4 ng/g. Geometric means for all non-zero lead, cadmium and fluoride con-
centrations were 0.566, 0.063 and 12 ng/g, respectively. Statistical correlation
of levels with some dletary and environmental factors showed that lead levels
were most strongly correlated with the sge of the house (p < 0.001), with
maternal exposure to heavy traffic for more than 5 yr {p = 0.011), and with
coffee consumption (p = 0.034). Fluoride levels correlated strongly (p = 0.007)
with the presence of fluoride in the drinking water. Cadmium levels correlated
strongly with exposure to clgarette smoke (p = 0.005 If the mother smoked
and p = 0.003 if the father smoked and the mother did not smoke),

— Author’s Abstract
KEY WORDS: Cadmium; Fluoride; Human milk; Lead content.

REPRINTS: Food Research Divislon, Bureau of Chemical Safety, Food
Directorate and Food Statistics and Operational Planning Divi-
sion, Food Directorate, Health Protection Branch, Health and
Welfare Canade, Ottawa, Ontario K1A 0L2, Canada
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PREVENTIVE DENTAL CARE: THE ROLE OF THE PEDIATRICIAN
by

Henry ]J. Herrmann, DMD, and Michae! W. Rcoberts®*, DDS, MScD
Bethesda, Maryland and Alexandria, Virginia, USA

(Abstracted from Pediatrics 80:107-110, 1987)

In 1966, prenatal fluoride supplements were removed from the market
because of insufficlent evidence of efficacy. Now they are being recommended:
0.25 mg of fluoride per day untll 2 years of age, 0.5 mg/d for ages 2 to
3 years and 1.0 mg/d efter age 3 years,

Precautions are urged for the significantly underweight child, "Chijldren
younger than 2 years ingesting 0.5 mg/d (double the recommended dosage) can
exhibit,” the article states, "mild dental fluorosis {mottled or discolored tooth
enamel).” Consequently pedlatricians are cautloned to take a careful dletary
history and to test drinking wate supplies.

KEY WORDS: Dental fluorosis; Prenatal fluoride.

REPRINTS: Nationa! Institute of Dental Research, NIH Bullding 10, Room
65255, Bethesda MD 20892 USA

R
Editor’s Note: According to the Drug News Weekly, Oct. 24, 1986, the

question "whether fluoride might aggravate mental retardation and
mongolism In offspring was never answered,”
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TOXIC EFFECTS OF FOOD-BORNE FLUORIDE IN SILVER FOXES
by

Richard H. Eckerlin, Lennart Krook, George A. Maylin and Daniel Carmichael
Ithaca, NY, USA

{Abstracted from Cornell Vet. 76:395-402, 1986)

Chronic ingestion of excesslve amounts of fluoride from commercial fox
food Is associated with agalactia in vixens; starvation deaths of large numbers
of kits in three fox herds resulted. No evidence of Infectious disease or poor
management could be found

The toxic effects of fluoride Include dental lesions, arthritis, exostoes,
stunting of growth, and decreased miik production. Fluoride is often Introduced
into lifestock through the feed with mineral supplements.

Initially the farm which Involved silver fox pelt production for T years,
consisted of 49 males, 49 vixens, and a varying number of offspring, The
average litter size had been 3.6 kits. Health problems in the herd had been
minimal for 5 years, Survival rate for the kits to pelting time was 97.6%;
the owners enjoyed premium prices for the pelts.

During the 1985 whelping season, a 67% mortality rate was experienced
in kits within 3 days post partum, Vixens were unable to produce the necessary
milk to sustain their offspring. Similar complaints were heard from two other
local fox farmers with a total of 62 vixens and their offspring. All these
farmers were using reproduction and lactation feeds from the same fox food
manufacturer. The feed wasz suspected as the source of the problem. The
highest levels of F in feeds were 136.8 F-ppm for Feed-Reproduction compared
to 108.0 F-ppm for Feed-Lactarion, and 31.0 in control feeds.

The observed aglactia and subsequent loss of fox pups to starvation
directly resulted from this high food-borne fluoride. Fluoride is present in
high quantities in fox feeds due to incluslon of fish meal for protein supple-
mentation. No qualley control figures have been made available from the
fox feed Industry on the fluoride levels in filsh meal that iz used in this
supplementation.

This parameter in formation for the canid is largely ignored. The quoted
range of tolerance 13 certainly under 100 ppm, lower for the pregnant or
lactating individual. Also evidence in the literature shows high fluoride
concentrations In feeds have been assoclated with perinatal agalactia In the
domestic dog. Fluoride ingestion over a period of years results In accumulatton
in bones, changing calcium hydroxyapatite to calcium fiuorapatite,

Fluoride is a known inhibitor of lactatlon in cattle due to fluoride’s toxic
effect on bone-resorbing cells. By negatively affecting bone resorption, fluoride
reduces calcium avallability to the milk producing tissues. Because mammals
cannot produce calcium-dilute milk, total milk production is decreased when
avatlable calcium i3 decreased below the requirement for mitk productlon.
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Fluoride-induced agalactia in vixens is a here-to-fore undefined disease
In the fox industry. A similar syndromq observed in bitches by many veterin-
arians, has been labelled "fading puppy syndrome.” In light of the above-men-
tioned data on the varlability of fluoride In dog foods, some of the "fading
puppies” might very well be starving pupples.

KEY WORDS: Agalactia; Fluoride; Fox.

REPRINTS: Toxicology Laboratory, New York State College of Veterinary
Medicine, Cornell Unijversity, Ithaca, NY 14853 USA.
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FLUORIDE CONCENTRATION IN AMNIOTIC FLUID AND
FETAL CORD AND MATERNAL PLASMA

by

Moshe Ron, Leon Singer®, Jacob Menczel end Gideon Kidroni
Jerusalem, Israel

To determine the fluoride concentrstions in plasma of 50 pregnant women,
44 samples of amniotic fluid end fetal cord blood of 29 fetuses were analyzed
at various stages of normal pregnancles: drinking water fluoride was <« 0.5
ppm. For all patients in this study, mean fluoride levels of 0.033 20.003, 0.017
+0.003 and 0,028 x0.005 ppm {15.E.) were found in maternal plasma, amnlotic
fiuld and plasma from cord bicod, respectively.

In patients 36-39 years of age, concentratlons in maternal and cord plasma
as well as in the amniotic fluld were significantly lower than in two younger
age groups, 20-27 snd 29-33 years. In amnlotic fluld, the mean fluoride con-
centration was much lower than that in cord or maternal plasma.

In term pregnancies, the fluoride level In matermal plasmas and emniotic
fluid had significantly increased, whereas the ratlo of the mean fluoride con-
centratlon in maternal plasma to that In amnlotic fluid was significantly
decreased.

KEY WORDS: Amnlotic fluid; Fetal cord blood; Gestation fluoride; Matemal
plasma; Pregnancy, fluoride.

REPRINTS: Dr. Leon Singer, Department of Biochemistry, 4-225 Millard

Hall, University of Minnesota, The Medical School, Minneapolis,
MN 55455, USA.
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HIGH-FLUORIDE DRINKING WATER, FLUORGOSIS AND
DENTAL CARIES IN ADULTS

by

Stephen A, Eklund¥, Brian A, Burt, Amid . Ismail, James ]. Calderone
Ann Arbor, Michigan USA

{Abstracted from J. Am. Dent. Assoc. 114:324-328, {9387)

This report describes the relatlonship to coronal caries of differing levels
of fluoride and fluorosis In two New Mexico communties. Lifelong adult resj-
dents of the high-fluoride community, Lordsburg, NM, (3.5 ppm), were chosen
for comparison with residents of Deming, NM, {average 0.7 ppm}. Although
fluorosis Increases with rising levels of fluoride, whether Increased fluorosls,
especially at higher levels, is assoclated with changes in the amount of dental
caries Is not clear.

For both communities, records indicate that the same water supply has
been In use since at least the early part of the century. The climate in the
two communties i3 virtually {identical. Many other characteristics suggest
that these citiez are a good cholce for comparison. Subjects, approximately
30-to-60 years of age, had been born in and had lived for at least the first
6 years of life In the city, and had been consuming city water during that
time.

Of 164 Lordsburg residents, 63 or 38.4% were classifled as severe
fluorosls, 62 or 37.8% very severe, 37 or 22.6% moderately whereas of 151
Demling residents, none fell into the severe or very severe category; 5 or
3.3% were classified as moderate.

Overall, these results suggest that, after controlling for other important
variables, the main difference is that the adult parriclpants in Deming have
nearly two more restored teeth than the participants in Lordsburg.

KEY WORDS: Adult teeth; Deming, N.M.; Dental caries; Dental Fluorosis;
High-fluoride water; Lordsburg, N.M.

REPRINTS: Dr. S.A. Eklund, School of Public Heaith, University of
Michigan, Ann Arbor, Michigan 48109, USA,
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FLUORIDATION:
TIME FOR A NEW BASE LINE?

by

A.S, Gray
Victoria, B.C., Canada

{Abstracted from J. Can, Dent. Assoc., 53:763-765, 1987)

The author, who Is Director of Dentai Health Services for the British
Columbia Ministry of Health, reviews current findings indicating an urgeat
need for the dental profession in Canada to adopt an updated, scientifically
appropriate position on water fluoridation. The widely advocated 30-year-old
claim that fluoridation reduces dental carles in children by 50-70 percent
cannot be maintained, he points out, since tooth decay has been declining
dramatically in recent years in nonfluoridated areas as well as in fluoridated
ones.

His surveys in British Columbia, with only 11 percent of the population
drinking fluoridated water, show lower average DMFT (deceyed, missing, filled
permanent teeth} rates than in provinces of Canada with 40-70 percent of
the population receiving fluoridated water. Moreover, school districts recently
reporting the highest rates of carles-free teeth were not fluoridated but,
instead, "were rotally unfluoridated.”

Improved oral hygiene, better and more prompt professional dental care,
and expanded, widespread use of f{luoridated dental products are held mainly
responsible for these large declines In dental caries, With greater use of
fluoridated dental products, espectally in fluoridated areas, there is growing
concern about “fluoride hypoplasias™ [dental fluorosis). Pit and fissure cavities,
which are now estimated to constitute 33 percent of all cavities in North
American children, are considered preventable by sealants not by fluorides.
Smooth surface caries, which fluorides are most able to prevent, are now
noticeable absent in school-age children.

Hence, although the dental profession may not like to edmit it, "we may
not need flugridation as much as we [thought] we once did."

KEY WORDS: British Columbia; Caries decline; Fluoridation re-appraisal
REPRINTS: Dr. A.S. Gray, Divislon of Dental Health Services, Ministry

of Health, 5th Floor, 1515 Blanshard St., Victorla, B.C.
- VBW 3C8, Canada.
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RELATIONSHIP OF FLUORIDE IN DRINKING WATER
TO OTHER DRINKING WATER PARAMETERS

by

Charles F. Lynch, M.D., Ph.D.
Iowa City, lowa, USA

{Abstracted from Arch, of Environ. Health, 42:5-13, 1987)

The purpose of this report is to relate how controlled fluoridatlion prac-
tices and the natural fluoride levels of municipal drinking water are related
to other municipal water quality and treatment data. Iron, zinc, and strontium
were detectable In every water supply. Strontium appeared easily detectable
in the high natural fluoride (HNF) study group. Nickel was more frequently
detected among municlpalities where fluoride was added to drinking water.

The high-population controlled fluoridation (HPCF)} study group most
frequently used surface water, whereas the high natural flueride (HNF} study
group generally received {ts water from deep wells. Shsllow well water was
most frequently used by the low natural fluoride {LNF) study group.

The high natural flucride (HNF) study was more llkely to have elevated
radium 226 and sulfate levels compared to the other study groups. The high
percentage of HPCF municipalitles with low total hardness concentrations
is a reflection of the more common practice of softening drinking water
among these municlpalities.

The study municipalities with fluoride In water naturally showed a signifi-
cant negative correlation with barium and nitrogen, ans significamt positive
correlation with strontium, ilodine, lead, groundwater supply sources by well
depth, radlum 226, and sulfate. Nitrogen and barium are negatlvely correlated
with antural flucride levels, whereas strontium, lead, and radium 226, which
are found in deeper wells, are positively correlated.

KEY WORDS: Bartum; Drinking water parameters; fluoride; iodine; lead;
nickel; radium; strontium; zinc,

REPRINTS: Charles F. Lynch, M.D., Ph.D., Department of Preventive
Medicine and Environmental Health, 2520 Steindler Bullding,
University of lowa, lowa Clty, IA 32242 USA,
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INHALATION TOXICITY OF AMMONIUM PERFLUORQOCTANOATE
by

G.L. Kennedy, Jr., G.T. Hall, M.R. Britelli, J.R. Barnes, H.C. Chen
Newark, Deleware, USA

{Abstracted from Food and Chemical Toxicology, 24:1325-1329, 1986)

Ammonium perfluorooctancate (CAS Registry No. 3825-26-t) is a fine
white powder which can become airborne; hence its inhalation toxicity was
studied in the male rat, The compound was found to be moderately toxic
following single 4-hr. exposures, with an LCse of 980 mg/m® This concentra-
tion produced both an increese in liver size and corneal opacity. Both findings
diminished with increasing time after exposure. Subchronic head-only inhalation
exposures {6 hr/day on 5 days/wk for 2 wk to 0, i, 8 or 84 mg/m®) suppressed
body-weight gain at 84 mg/m?. Reversible liver-weight increases, reversible
increases in serum enzyme activities, and microscopic liver pathology, including
necrosis, occurred at exposure of 8 and B4 mg/m® No ocular changes were
produced. Concentrations of organoftuoride in the blood showed a dose relation-
ship with initial levels of 108 ppm in rats treated at 84 mg/m® falling to
0.84 ppm after 84 days with a blood half-life of 5-7 days. The no-observed-
effect level was 1 mg/m® and a mean organofluoride blood level of 13 ppm
was detected in rats immediately after the tenth exposure to an atmospheric
level of 1 mg ammonium perfluorcoctanoate/m®,

KEY WORDS: Ammonium perfluorooctanoate; Inhalation toxicity; Male rats.

REPRINTS: Central Research and Development Dept., E.I. Dupont de
Nemours and Co., Haskell Laboratory for Toxicology and
Industrial Medicine, Elkton Road, P.0. Box 50, Newark,
Deleware 19714, USA,
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REDUCTION OF AIRBORNE FLUORIDE EMISSIONS FROM CANADIAN
ALUMINIUM SMELTERS AS REVEALED BY SNOW CHEMISTRY

by

Marcel Ouellet
Sainte-Foy, Québec, Canada

{Abstracted from The Science of the Total Environment, 66:65-72, 1987)

Despite massive atmospheric fluoride emissions from the world’s largest
aluminum smelter (435,000 tons/year) located in Jonguiere (Arvida), Province
of Québec, very few published studies have dealt with its environmental impact,
Fluorosis in dairy cattle has been identified in this region since 1951. The
highly corrosive hydrofluoric acid (HF) emissions bhave etched the windows
of the local residences and have been accepted for several decades as "normal”
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by the residents living within the vicinity of the Arvide plant. A 1985 study
of Rampalon disclosed that in the city of Chicoutimi located a few kilometres
east of the plant, cancer deaths were more frequent than in 40 other Canadian
communities.

The present study compares the estimated gaseous atmospheric fluoride
emissions of two old aluminum smelters of the Alcan Company, located within
the Saguenay-Lake Saint-John Region (Québec), by measurement of total
fluoride concentrations found in the regional surficial snow before (1978) and
after (1984}, the year of the depollution program was completed, Because
of its large hydroelectric power capacity, the hydrological basin of this region
has become one of the most important regions for aluminum production in
the world (5%).

In March 1978 and 1984, respectively, 344 and 194 surficial snow samples
were collected from an area of 4500 km® of the regionmal valley from the
eastern shore of Lake Saint-John to "Ha! Ha! Bay." On both occasions,
individual sites were in open areas at least 50 m from rural and urban roads.
Samples were taken with a small plastic scoop, placed in plastic bags, and
frozen (-20°C)} until melted for laboratory analyses. The significant reduction
of fluorides in the regionai snow between 1978 and 1984 is quite evident.
Nevertheless, the trend reflects the 1.5-0.7 kg/t gaseous F emission reduction
at both smelters between the two sampling periods. The difference in magni-
tude between the reduction of gaseous emissions at the source between 1978
and 1984 (1.5 vs 0.7 kg F/t of Al) and the regional spatial contamination
reduction (3000 vs 100 km?) is most likely related to the concomitant decrease
1n emission of particulate fluoride., This same factor would also explain the
magnitude of reducted concentrations of snowborn fluoride in the vicinity
of the smetters (I3 vs ! mg/L). There has been a much greater 10-fold reduc-
tion of particulate emissions during the 1975-1983 period.

Thus, fluoride snow chemistry appears to be an inexpensive, rapid and
sensitive method to assess the efficiency of an atmospheric environmental
pollution control program.

KEY WORDS: Airborne fluoride; Aluminum smelter; Canada; Saow fluoride.

REPRINTS: INRS-Eau, Université de Québec, 2700 rue Einstein-C.P, 7300,
Sainte-Foy, Québec CIV 4C7, Canada.
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PREFPARATION OF PAPERS

1. General — No precise limit is given on the length of the paper;
it should be written concisely in English, submitted in twao copies,
doublespaced with generous margins. Measures are given in metric
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2. Title — A concise but informative title should be followed by the
name of author(s), the location and state {country) where the research
was carried out. The name and address of the institution where the
work was done should appear at the bottom of the first page.

3. Summary — The paper should begin with a brief, factual summary.

4, Introduction — Following the summary, a short introduction should
state the reason for the work with a brief review of previous works
on the subject. References are given by numbers in parentheses.

5. Materials and Methods — should be condensed; however if the
methodology is new or developed by the author(s) it can be more
detailed.

6. Results — should contain the direct conclusions of the experi-
mental waork.

7. Discussion — should deal with the gemeral conclusions. Reference
should be made to other work on the subject with an indication
whether the experimental results agree or disagree with previous work.
In short papers, results and discussion can be combined.

8. Abbreviations or Acronyms — must be defined either parentheti-
cally or in a footnote when they first appear.

9. Bibliography — should be arranged according to the order in which
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