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B O O K  REVIEW 

t 
The International Society for Fluoride Research (ISFR) extends a 
special invitation to you to participate in  the 16th Conference. This 
will be held in the Conference Hall of Zyma at Nyon (30 km from 
Geneva) Monday, August 31st through Wednesday, September Pnd, 1987. 
Professor C.A. Baud wil l host this Conference and he has nominated 
Christiane Demeurisse as secretary of the Conference. The Fluoride 
journal wil l carry information about the Conference in future issues 
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Guest Editorial 

IS FLUORIDATION EFFECTIVE? 

Over the past six years or so, a large and rapidly growing body of scien- 
tific evidence has been published which suggests that  the alleged benefits of 
fluoridation in  reducing dental caries may have been over-estimated by its pro- 
ponents  This evidence falls into five distinct, mutually-supporting categories. 

Reduction in Unfluoridated Areas 

There a re  now over 20 studies from eight different developed countries 
showing large reductions in caries over the past one to three decades in un- 
fluoridated communities. The magnitude of these reductions is often comparable 
with that reported in fluoridated communities (1-3). Some of the reductions 
(e.g. in prefluoridation Sydney, in Glouchestershire and in 5-year-olds in New 
Zealand) occurred before the use of any form of fluoride, topical or systemic, 
became widespread. 

Reductions in "Optimally Exposed" Children in Fluoridated Areas 

In several communities which have been fluoridated for a long period of 
time, caries is continuing t o  decline in children who are considered "optimally 
exposed," namely children of a given age who have received fluoridated water 
since birth. Such reductions have occurred a f te r  the  maximum possible benefit 
( i f  any) would have been achieved from fluoridation. Areas where this has been 
observed include Canbera and Tamworth in Australia, and part of Glouchester- 
shire in the U.K. (3) where fluoride occurs naturally in water. Other examples 
of this phenomenon can be seen in the caries reductions in 5- and 15-year-old 
Anglesey children between 1974 and 1983 (4) and in 5-year-olds in north-east 
England between 1976 and 1981 (5). In a number of these communities the 
caries reductions, occurred too late t o  have been caused by fluoridation. How- 
ever  they have been incorrectly attributed to fluoridation, either by the 
authors or  by proponents of fluoridation other  than the  authors. Thus there 
are clear cases where the alleged benefits of fluoridation have been over- 
estimated. 

Absolute Values of Caries Sometimes Contradict the  "Inverse Relationship" 

%re are several observations which contradict the notion that the 
absolute value of caries prevalence in fluoridated areas  is always lower than 
in unfluoridated areas of the same country. In particular, primary school 
children in the Australian state of Queensland, which is only 5% fluoridated, 
have the same average value of caries prevalence as in the states of South 
Australia (70% fluoridated since 1971) and Western Australia (80% fluoridated 
since 1968) (3). Children in unfluoridated Christchurch, New Zealand, have 
equal or less caries than children in all the  other  major c i t ies  of New Zealand, 
which are fluoridated (6). Time-independent surveys in natural fluoride areas 
in India, Sweden, Japan, the USA, and New Zealand a r e  also inconsistent with 
the alleged "inverse relationship" between caries prevalence and fluoride 
concentration of drinking water  (3). 

The Poor Still Have the Most Caries 

An ethical argument, commonly used by proponents of fluoridation t o  
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52 Editorial 

justify what opponents consider compulsory medication with an uncontrolled 
dose, is that fluoridation serves the poor. Yet there is evidence that, in fluori- 
dated areas, the poor a re  still the socio-economic class with the highest pre- 
valence of dental caries (7,8). This observation is consistent with the hypothesis 
(see below) that  the overall dietary pattern is the main determinant of dental 
caries. 

Dubious Scientific Quality of Existing Fluoridation Trials 

Scientific reexaminat ion of existing fluoridation trials raise serious doubts 
about the magnitude of the benefits which a r e  traditionally claimed for fluori- 
dation: 

0 For instance, in the "classic" North American studies a t  Newburgh, 
N.Y., Grand Rapids, Michigan, Brant ford, Ontario, and Evanston, 
Illinois, large secular variations in caries prevalence in the control 
c i t ies  (for those trials which actually had controls for the duration 
of the experiment) which may invalidate the methods used and hence 
the conclusions of these studies (9). 

Not one of the many Austrialian fluoridation studies is a properly- 
controlled longitudinal trial (10). 

0 The fluoridation experiment in Hastings, New Zealand, has recently 
been re-examined, by drawing upon archives obtained under the New 
Zealand Official Information Act. I t  has been found that a substantial 
part of the large reduction in caries in Hastings could actually have 
been the result of changes in diagnostic procedures which were not 
mentioned in official reports of the  study (11). 

For a scientific tes t  of the dental e f fec ts  of fluoridation, i t  1s 
necessary tu perform several properly controlled longitudinal studies, 
with annual, blind examinations of children's teeth. These studies 
should include several years of baseline examinations before the tes t  
communities were fluoridated, and follow-up measurements conducted 
for several years a f te r  all age groups have been "optimally exposed." 
To reduce the possibilities of examiner bias, the choice of which 
community becomes the test group and which the control should be 
made randomly a t  the end of the baseline period. Moreover, each tes t  
and control group to be compared should be similar in environment, 
lifestyle and sociosconomic parameters. These simple measures, I 
suggest, a r e  the minimum basic requirements for a scientific f luor ide  
tion trial (10). Yet, as far as I can determine. not one of the 95 or 
30 studies listed by dental proponents of fluoridation as allegedly 
proving or  demonstrating enormous benefits from fluoridation (121, 
meets  these elementary requirements of sound experimental design. 

If, as the  considerations above suggest, there  a r e  factors other than fluori- 
dation which may be playing an equal or greater  role in the reduction of 
caries, then i t  is likely that  much funding for dental health education and 
research programs is being wasted. Moreover, until such factors a re  properly 
understood, i t  is possible that a reversion t o  the "bad old days" of high car ies  
prevalence could reoccur, despite the widespread fluoridation of water supplies 
in several English-speaking countries. 

Volume 20, No. 2 
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Editorial 53 

My own hypothesis, which seems to be consistent with the available scien- 
tific data, is that  fluoridation has played, at best, a minor role in the observed 
reductions in caries in developed countries. The main causes of these reduc- 
tions, I suggest (3,10), are: 

i )  changes in broad dietary patterns, such as the increased consumption 
of wholemeal bread, unpolished rice, cheese and, in the case of 
infants, breast milk; 
ii) possible changes in the immune status of populations; 
iii) use of topical fluorides. 

This hypothesis should, of course, be subjected to rigorous scientific erperi- 
ments in order to verify or refute it. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 
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ELIMINATION O F  EXCESS FLUORIDE IN POTABLE WATER 
WITH COACERVATION BY ELECTROLYSIS USING AN ALUMINUM ANODE 

by 

Liu Ming*, Sun Rui Yi, Zhang Jun Hua. Bina Yuan 
Wei  Lei, Liu Ping, and Kei Chiro Fuwa 

Institute of Environmental Science, Chang Zhou, Hebei, China 
and University of Tokyo, Tokyo, Japan 

SUMMARY: Potable water in Chang Zhou, China, contains 
ra ther  high levels of fluoride (4 t o  5 mg/L), and elimination 
of excess fluoride from it has been a serious problem. In this 
study, a new method to  remove excess amounts of fluoride 
from potable water has been developed based on the coacer- 
vation induced by electrolysis using an aluminum anode. By 
this method, the concentration of fluoride decreases from 
4-5 mg/L t o  0.5-1.0 m g L ,  without significant changes in 
levels of other ions. Furthermore, 90-9596 of E. coli and other  
bacter ia  were removed; the turbidity of the water was also 
markedly decreased. Experimental parameters in this method 
such as the ratio of fluoride t o  aluminum, pH, e f fec t  of 
agitation, etc., a r e  discussed in detail. The method is easier, 
safer, and less expensive than use of activated alumina. 

KEY WORDS: Aluminum anode; Coacervation Induced by electrolysis; Elimina- 
tion of excess fluoride; High concentration of fluoride; Potable 
water. 

Introduction 

Excessive intake of fluoride is known t o  be poisonous, although fluorine 
is an important trace element in man (1-4). Fluoride in potable ground water  
a t  Chang Zhou city, China, may be as high as 5 ppm. Previously, we have 
t reated ground water for potable purposes by different techniques (5). including 
calcium superphosphate, bone black, activated alumina and membrane electroly- 
sis processes for elimination of excessive amounts of fluoride, introduction of 
other  anions to the t reated water, and simultaneous reduction of other  essen- 
tial elements, with some success; but these methods mentioned are time- 
consuming and costly. 

In this study, an electrocondensation technique which has been applied in 
the  Soviet Union, Japan, and other  countries for sterilizing potable water  and 
decreasing its turbidity has been used t o  eliminate excessive fluoride with an 
aluminum anode. This method not only successfully reduces fluoride content 
from 5 ppm to I ppm or below, but it also has  the advantages of killing germs 
and bacteria and lessening turbidity. 

Electrocondensation is based on solvation of a metallic anode under the  
action of direct  current. When pure aluminum anodes a re  placed in water  con- 
taining fluoride. the major electrolysis reactions a r e  shown in equations 1-5 

Director and Engineer of Chang Zhou ( ;& .Nf) Environmental Institute, 
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Elimination of F- in Water with Coacervation by Electrolysis 55 

Experimental Apparatus 

Home-made Electro-Condensation Equipment 

Program 

Area of plates 

Power 

Current density 

Water flow mode 

Distance between plates 

Plate material 

pH (raw water) 

pH (treated water) 

CF (raw water) 

CF (treated water) 

ratio (AI/F) 

I 

15 x 15 cm2 

DC 

14 Alm' 

static 

3 mm 

aluminum 

6.5 

7.0 

4.7 

0.8 

8 

II 

40 x 40 cm2 x 20 

DC (parallel connection) 

14 A/m' 

continuous 

3 mm 

aluminum 

6.5-7.0 

7-7.5 

4.7 

0.5-0.8 

6-8 

Materials: Raw ground water from Chang Zhou city was used in this study. 

Figure 1 

Fluoride content of some natural waters in China and Japan (not containing 
spring water). 

2PPm 
1PPm 
< 1 ppm 

0 < 0.5 ppm 

Fluoride 



Figure 2 Figure 3 
The basic reaction of ions on the  Photograph of Apparatus to  reduce 
electrocondensat ion process. fluoride for  home use. 

and in Figure 2. 

. . .  I 

. . .  2 

. . .  3 

. . .  4 

... 5 

Fluoride may be segregated in water as NaAIF6 (cry_olite) or  other com- 
plex compounds with complex ion AIFF,". Removal of F in these compounds 
is very economical in terms of aluminum consumption: AI/F (mass ratio) = 
1/4.2, colloidal aggregates positively charged will be produced a t  appropriate 
PH. 

The apparatuses for test and home family use are shown in the  photograph 
(Figure 3). 

Result and Discussion 

p H  value: Since aluminum hydroxide is an amphoteric hydroxide, regulating 
water  pH is important for reducing the fluoride concentration by electrolysis. 
More rapid liberation of H1 a t  the cathode than liberation of O1 a t  the anode 
causes a rise in pH. Figure 4 shows the changes in pH in water  and around 
the electrodes. 

When pH < 4, aluminum remains the form of A13+, a t  lower pH no precip- 
itation occurs, the fluoride concentration cannot be reduced. When 4 < pH < 
5.5, the  hydrogen ion concentration remains relatively high. Consequently, a 
high c,(teta) potential and a strong repulsive force between aluminum hydroxide 
colloidal clots is maintained, which is not conducive to f lycula t ion  _and pre- 
cipitation. When 5.5 < pH 7.0, the concentration of H and OH , which 
are free states, is lower, a part of F and- A13+ will produce the  complex ion 
A1F63- at t h e  electrode. The AIF63- and F would be segregated from water 

Volume 20, No. 2 
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Elimination of F- in Water with Coacervation by Electrolysis 57 

Figure 4 

Changes in pH with the t ime in the  bulk solution and around the electrodes. 

. 
0 2 4  6 8 10 12 14 16 

Ti me ( minute) 
(A): around cathode. 
(6): In solution. 
(C): around anode. 

reaction conditions: 
current 0.9 A/m'/L water. 
distance of plates 24 mm. 

with the colloid of aluminum hydroxide carrying positive potential. At this con- 
dition removing effect of fluoride is the best. 

When pH > 7.0, OH- ions increase in water. OH- and F- ions a r e  alike 
In mass, charge and ion radius, and due to the principle of nomegenesis and 
nomophase, they tend to substitute for each other. In water, OH can make 

Figure 5 

Dependence on pH values of t h e  solution for reducing fluoride and hardness 

(A): hardness (CaO, mg/L). 
(6): concentrations of fluoride (F-, ma/L). 

Fluoride 



58 Ming, Yi et al 

transition by like leaps adopting, its mobility is gre_ater than that of F-. In 
the anodic adsorptjon layer, t h e  concentration of OH ions IS higher than the  
concentration of F , so the  production of the complex ion A1Fs'- becomes dif- 
ficult; therefore, t h e  effect of reducing fluoride begins to decrease. Figure 
5 shows the relation between pH and efficiency of fluoride reduction. When 
w e  tested waters wi th  t h e  method of similar fluoride contents, e.g. about 5 
ppm, under the same electrolysis conditions of and varied initial pH values. 
the fluoride concentrations varied, as shown by a l ine with some  points in 
Figure 5. W e  noticed that when 5.5 < pH < 7.0, best results are obtained, 
which can reduce the  fluoride concentration to less than I ppm. In th i s  study 
we used vinegar concentrate produced in China or edible hydrochloric acid for 
regulation of t h e  original water to about 5.5 to 7.0. After electrolysis the pH 
is about 6.5 to 7.5. 

Hardness: Upon electrolysis, water hardness often undergoes changes which vary 
a t  different initial pH conditions, as shown in Figure 5. Reports from India, 
America, and China have confirmed that appropriate concentrations of calcium 
and magnesium in potable water may reduce the incidence of cardiovascular 
disease, and that they are antagonistic to fluoride intoxication. 

In this study, calcium and magnesium ions are partially segregated from 
water by coprecipitation with the aluminurn hydroxide lecding to a somewhat 
lowered water hardness. Total ionic concentration of-HCOJ and COJ'- is about 
300 ppm. In different conditions of pH value, HCOJ io_n can mutually change, 
the  pH value of water rises on electrolysis as HCOJ gradually converts to 
COJ'. The solubility of CaCO3 or MgCOJ is less than of Ca(HCOJL or 
Mg(HCOJ)p The formation and precipitation of CaC03 and MgCOJ can be 
expected when the pH rises, causing a decrease in hardness. The pH during 
the electrocondensation method must therefore be controlled. 

- AI/F: Here AI/F represents the ratio of aluminum consumed in electrolysis to 
the quantity of fluoride ions removed, important in both technical and 
economic criteria. I f  hydrolysates of aluminate are used to reduce fluoride, 
AI/F ratio should be within the range 10-15 to ensure a satisfactory result. 
The relationship between aluminum consumed and residual fluoride concentration 
for different pH values (shown in Figure 6) illustrates that, for each water 
sample with fixed pH, a lower limit  to fluoride reduction by electrocondensa- 
tion exists. The reason is that, the pH of water will increase with electrolysis 
and lead to different processes of hydro_lysis and polymerization a t  high pH, 
where A]'+ will be converted into AIOl, which cannot reduce the level of 
fluoride. Figure 6 shows that electrocoagulation is more advantageous in 
treating water of higher concentration of fluoride. It is estimated that, in the 
range of 5-10 ppm, similar results could be obtained with equal aluminum con- 
sumption. In short, satisfactory results of fluoride reduction are possible in 
the range of 4-6 of AVF, provided the  electrocoagulation conditions are 
properly control led. 

Stirring Effect: In the electrolysis, hydrogen is released at the cathode and 
oxygen at  the anode, floating up as micro-bubbles, which are adsorbed into 
flocs produced by electrolysis, lifting up the flocs to the water surface. This 
layer of micro-bubbles partly cuts off the adsorption of fluoride to colloids, 
causing a reduction in the effectiveness of fluoride removal. Therefore, it is 
advisable to break up the bubbles by moderate stirring. 

Volume 20, No. 2 
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Elimination of F- in Water with Coacervation by Electrolysis 59 

Figure 6 

Effect  of Al (AI/F) on Fluoride Concentrations at Various pH Values. 

1 
0 2 4 6 8 io  12 14 A& 

AI/F: The ratio between t h e  amount of aluminum consumed on electrodes 
to the quantity of fluoride ions removed. 

As the speed of stirring is increased, a shearing stress will be produced 
on colloidal clots due to uneven distribution of motion in water, which can  
destroy flea and, more significantly, cause the fluoride adsorbed on aluminum 
hydroxide colloidal clots to  be released into the water by the force of s t a t i c  
electricity, as indicated by the following equation: 

... 6 N = -&G n'n'' (d + d")' 

and the shearing stress (L) will be 

L = UG . . .  7 

where G: velocity gradient; n', n": number of particles with diameters d and 
d" in unit of water respectively; d', d": the  diameter of particles of different 
sizes; u: coefficient of velocity. 

Since the formation of flocs (alumen ustum) takes time, the  interval 
between the end of electrolysis and the beginning of stirring will a f fec t  the  
effectiveness of fluoride reduction. For details, refer  t o  Figures 7 and 8. 

Efficiency of Current DensitE Variations in current density can  be seen in 
Figure 9, where the sharp peak is a result of the capacity charging between 
plate electrodes, whereas the subsequent elevation of current is due t o  the  
solvation of oxidized layer on aluminum surface accelerating the  process of 
electrolysis. Under the  Influence of t h e  electr ic  field, ionic concentrations 
between two plates and the  conduction of current increase, contributing t o  
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1 
0 100 200 300 

Stirring Speed revolut ion/min I 
reaction conditions: 1 L water, stirring 1 minute, pH 6.4 

(A): begins stirring after 0 minutes. 

(6): begins stirring after 2 minutes. 

(C): begins stirring after 4 minutes. 

Figure 8 

Effect of Stirring Speed on the Reduction of Fluoride. 

5 0.9’ .- * 

0 1 2 3 4 
Reaction Time tmln) 

(A): by rapid stirring. 

(6): by slow stirring. 
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a further rise in current which finally leads to an ultimate current under a 
given potential. The ultimate current is determined by ion concenuatim, 
charge numbers and mobility. 

Figure 9 

Changes in Current Density with Reaction Time. 

Reaction Time (min) 
Figure 10 

Consumption of the Cathode and Anode Plates with the Changes in Distance 
Between Electrode Plates. 

pe lo+ 

E 5  ?I I 3 2  

1 

I 

5 10 15 20 

25 

1 . 
5 10 15 20 

Distance Between Two Plate (mm) 
(A): consumption ratio of anode plate to theoretical consumption. 
(B): consumption ratio of cathode plate to  anode consumption. 

Consumption of cathodic and anodic plates is shown in Figure 10. Experi- 
ments have shown that, when the distance between two plates is decreased, 
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anodic current efficiency approaches unity, while solvation of cathode becomes 
more intense with about 1/6 - 1/3 of anode consumption: when the  distance 
is increased, anodic current efficiency rises t o  120%-130%, while cathode con- 
sumption decreases to 1/10 - 1/20 of anode consumption. 

Plate current density depends on factors of field strength, ion mobility, 
stirring intensity and fluoride ion concentrations. Under conditions of field 
strength 4 V/cm, pH 7, without stirring, and plate current density below 14 
A h a ,  is estimated to be optimal for the purpose of effectively reducing 
fluoride content from 5 ppm to 1 ppm. As the  water  flow ra te  between two 
plates increases, current density can be moderately increased. 

Table 1 

Comparison of Hygienic Indexes with and without Treatment 

Water Bacteria Original Treated 

coliform (count/L) 2380 230 
bacteria (count/mL) 2000 150 

coli form (count/L) c 3  g3 
bacteria (count/mL) < 100 * 100 

River 

Drinking 

Table 2 

Comparison of t h e  Elemental Concentrations With and Without Treatments 

Treated Water (mg/L) ton Raw Water (mg/L) 

F 

I 

CI 

se 
so. 

K 

Na 
Ca 

Mg 
Al 

F e  
Mn 
c u  
Cr 
Cd 
Pb 

PH 

4.45 

0.15 

99 
0.005 

139 

1.6 

279 

11.5 

11.8 

0.028 

0.36 

0.03 

0.003 
0.002 
0.008 

0.009 

8.0 

0.85 

0.14 

198 

0.001 

135 

1.6 

275 

6.5 

10.3 

0.04 1 

0.08 
0.05 

0.005 

0.00 1 

0.008 

0.009 

7.2 
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Application: Tables I and 2 show the  comparisons of characteristics of raw 
water  t o  t reated water  in Chang Zhou. The concentration of fluoride is 
decreased t o  I ppm from 5 ppm, and the  hardness remained almost the same 
as before t reatment  with some other  qualified indices. On the other  hand, upon 
electrolysis, chlorine ions In water  produce sodium hypochlorite a t  the anode, 
which dissociates and releases oxygen atoms: aluminum hydroxide colloidal 
clots, by adsorption and trapping, have the functions of killing and clearing 
away germs and colon bacilli. 

Conclusion 

To sum up, our electrocondensation method is a new efficient treatment 
of potable water. At present, we have madr a small sct for use in a family. 
Sets are now used In public. Sets of medium size, suitable for use in plants 
and schools, have become commercially available. 
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A NATIVE INDEX OF DEFLUORIDATION BY SERPENTINE 

by 

M. Maruthamuthu and J. Venkatanarayana Reddy 
Madras, India 

SUMMARY: A native index of defluoridation has been identi- 
fied as  the ratio of fluoride content  in two Varieties of ser- 
pentine. The index has a value of 1.3 indicating tha t  the  
green variety of serpentine is 1.3 times more efficient than 
t h e  yellow variety for defluoridation. This h,as been proved 
experimentally by showing the  agreement between the  native 
index and the rat io  of experimental defluoridating efficien- 
cies. Adsorption of fluoride on serpentine obeys the Freundllch 
adsorption isotherm and the ratio of the slopes of  the adsorp- 
tion isotherms for the two varieties of serpentine and agrees 
nicely with the native index. 

KEY WORDS Defluoridation; India; Serpentine, 2 varieties. 

lntroduct ion 

Serpentine is a naturally occurring metasilicate of magnesium and I t  Is 
represented as 3 MgO 2 SiOa 2 H,O o r  MgJSiaOS(0H). Rather  than conduc- 
ting the study with the pure mineral, it is worth-while t o  employ the  naturally 
occurring serpentine as such for defluoridation. Defluoridation with serpentine 
has been t h e  subject of research Interest (1,2) in recent years. The proxy of 
F for OH- has been suggested t o  be the  principal contributing factor  in the 
mechanism of fluoride removal. Serpentine has also been studied a s  an antidote 
for fluorosis (3,4) and the  shortcomings have and been discussed (5). 

Two varieties of serpentine have been used in t h e  present study. On the  
basis of color, the symbols SPG and SPY a r e  used t o  indicate the  samples, 
SPG referring t o  the green colored serpentine and SPY, the  yellow colored 
serpentine. The samples, collected from the  Pulivendala asbestos belt in the  
Cuddapah district of Andhra Pradesh, India, a r e  associated with dolomites (6) 
and the  chemical compositions a r e  the  same as observed by Rao et al (2). The 
significance of differing amounts of fluoride, 0.17 wt % in SPG and 0.13 wt 
% in SPY has led us t o  realize the native index of defluoridation in the  two 
varieties of serpentine. Even though the  fluoride is present in very small 
amounts, the  fluoride impurity present in the  serpentine mineral serves  as a 
guide indicating the fluoride uptake ability of serpentine. The origin of fluoride 
in serpentine may be solid-state reactions or  the circulating waters. The reia- 
tively higher fluoride level in SPG may be taken to indicate its higher defluor- 
idating capaci ty  compared t o  SPY. In fact, the ra t io  of fluoride content  of  
t h -  two serpentines may be identified a s  the  native index of defiuoridation 
in serpentines. 

Department of Physical Chemistry, University of Madras, A.C. College 
Campus, Madras 600 025, India. 
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Fluoride ‘Ontent Of  SPG = Native Index of Defluoridation Fluoride content of SPY 
= NID 

Substituting the  fluoride contents for SPG and SPY, we get 

If we define 

Defluoridating efficiency of SPG 
Defluoridating efficiency of SPY 

65 

. . .  1 

. . .  2 

. . .  3 

then, r should be equal to NID. Even without performing experiments, we can  
infer from the magnitude of NID that  SPG should be 1.3 times more efficient 
than SPY. Our chief objective is therefore t o  prove the validity of the follow- 
ing relationship, 

r = NID . . .  4 

The other objective of the- study is t o  test the Freundlich adsorption isotherm 
for SPG - F and SPY - F s y s t e m s  

Materials and Methods 

Serpentine samples: Powdered serpentine samples passing 200 mesh have been 
used for the study. The quantity of serpentine employed in the present work 
ranges from 0.2 t o  2 g. 

Defluoridation experiment: The equilibrium contact  time is first determined 
by studying the  adsorption of fluoride as a function of time. Then the actual 
experiment is performed at various serpentine dosages maintaining a contact 
time, well above the equilibrium contact time. A known weight of the adsor- 
bent, i.e., serpentine is added t o  20 mL of 9.75 ppm fluoride solution and 
stirred for 24 hours a t  constant temperature (30°C). After centrifuging and 
filtering, the clear  filtrate_ is analyzed to  determine the free equilibrium con- 
centration of fluoride IF kq. The initial concentration of fluoride [F lo, is 
maintained in the range of 10 ppm usually so that it closely parallels the  
average fluoride concentration in the  endemic fluorosis area. 

Fluoride estimation: The concentration of fluoride is determined using the  
fluoride-ion selective electrode I JAS Chemical Corporation, India). 

Results and Discussion 

The native index of defluoridation which has been identified in serpentine 
minerals should be  equal to the ratio of the  experimental defluoridating 
efficiencies as pointed out in the  introduction. A very simple experimental 
quantity which can be regarded as a measure of the defluoridating efficiency 
of serpentine is the % of defluoridation. The % of defluoridation for SPG and 
that for SPY are compared a t  the same serpentine dosage (Table I). 
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Table 1 

Defluoridating Efficiencies of SPG and SPY 

Serpentine 

W m L )  

Percent of 
def luoridation 

dosage 0.01 0.02 0.025 0.03 0.04 0.05 0.10 

SPG 32.1 47.5 50.0 60.0 66.2 72.3 83.6 

SPY 20.5 34.6 40.5 48.7 58.5 64.1 81.0 

r 1.56 1.37 1.23 1.23 1.13 1.13 1.03 

Mean value of r at low 
serpentine dosage = 1.35 

(s 0.03 g/mL) 
Mean value of r at high 
serpentine dosage = 1.09 

There is good agreement between r a t  low serpentine dosage and NID. 
Literature d a t a  (2) also yield a value of r = 1.2 a t  the serpentine dosage of 
0.05 g/mL. The results also suggest that  the dosage of serpentine in nature 
is also low. The inference is quite reasonable since one has t o  consider the 
enormous volume of circulating water  co-ming in contact  with a specified 
amount of serpentine. Experiments with [F k = 5.75 ppm yield a value of r 
= 1.1 at t h e  dosage of 0.025 g/mL. -The low value of r a t  high serpentine 
dosage (Table I )  as well as a t  low [F lo is due t o  the  fact that  the fluoride 
release from serpentine cannot be neglected under these conditions. 

sorption data. Freundlich adsorption isotherm (7) 
The performance of serpentine in defluoridation is also described by ed- 

I /n 3, = k c  m 

is applicable t o  the system, where x is the amount of adsorbate (fluoride) ad- 
sorbed, m is the weight of the adsorbent (serpentine), c is th_e equilibrium con- 
centration of the  adsorbate in solution a f te r  adsorption, [F leq, and k and n 
a r e  empirical constants. 

The linearity of the  plot of log (x/m) versus log c Indicates the applicabil- 
ity of the  Freundlich adsorption isotherm (Figure I). Both SPG and SPY give 
rise to flat adsorption isotherms indicating that  serpentine can  be employed 
over a wide range of fluoride concentration for defluoridation. The slope of 
t h e  isotherms, I/n (Figure I ) ,  can also be taken t o  indicate the  &fluoridating 
efficiencies of SPG and SPY. In that  case, the  ratio of slopes of the adsorption 
isotherms should also agree with the  native index. The ratio of slopes turns 
out to be 1.28, showing good accord with NID once again confirming the 
validity of the postulate. 
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ACUTE TOXICITY OF FLUORIDE TO MICE 

by 

K.S. Pillai+, A.T. Mathai and P.B. Deshmukh 
Valvada, India 

SUMMARY: Mice were orally_ administered (single dose) 46, 
49, 51, 54, 57 and 60 mg F /kg body weight of the animal. 
LDso values for male and female mice were calculated as 
54.4 and 51.6 mg F /kg body weight, respectively. The-slopes 
(b) or regression equations (probit of mortality vs log F dose) 
of both sexes did not differ statistically; a common slope 
was established for bpth sexes to calculate the LDso of F- 
for mice (51.5 mg F /kg body weight). 

KEY WORDS: Acute toxicity; Fluoride; LDS0; Mice. 

Introduction 

Acute toxic effects of a single large dose of a chemical are often strik- 
ingly similar to chronic effects (1). To study the chronic effects in laboratory 
animals, LDso values are helpful in assessing the doses to be given them. Cow 
siderable data on fluoride toxicity- to laboratory animals are now available. 
Unfortunately, in much research F doses administered to animals (2-4) have 
been at  the scientist’s discretion. LDso values can be used as a base for selec- 
tion of proper doses for chronic toxicity studies. 

The present work is aimed at  establishing the LDso value of fluoride for 
mice. 

Materials and Methods 

Laboratory inbred Swiss albino mice (30-35 g in weight) of Haffkine strain 
of our colony (Jai Research Foundation, Valvada, Dist. Valsad, Gujarat) were 
used in the study. Food (obtained from Hindustan Lever Ltd., Bombay) was 
withdrawn for 20-24 hrs prior to administration of fluoride. Water (fluoride 

I ppm/ hardness, 136-140 ppm as CaC03) was given ad libitum. Desired con- 
centrations of fluoride were obtained by dissolving the appropriate amount of 
NaF in distilled water. Fluoride doses, which never exceeded I mL (1  mL/35 
g b.w. of mice), were given by a single oral administration using a syringe 
of 1 m L  capacity and a cannula as described in SOP/GTX/118 (5). Control mice 
were given distilled water. 

Initially, 179 and 357 mg F-/kg b.w. was given to two mice each. 100% 
mortality occurred within 5 hrs in both_; when the  experiment was repeated 
with 60, 66, 69, 71, 77 and 83 mg F /kg b.w. the result was again 100% 
mortality within 24 hrs; subsequently t h e  doses were further lowered. Male 
mice (2-3 each) were given 46, 49, 51, 57,-60 and the female mice (2-3 each) 
were given 46, 51, 54, 57, and 60  mg F /kg b.w., respectively. These doses 
were again given to 5 mice each of either sex. Mortality in mice recorded 
due to each fluoride dose (excluding the doses which caused 100% mortality) 
were used to calculate the  LDsO and fiducial limits of LDSo (6). 

From the Jai Research Foundation, Off N.H. No. 8, Taluka Umbergam, 
Dist. Valsad, Gujarat-369 108, India. 
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Figure 1 

Regression Lines Established Between 
t h e  Probit  Values of Mortali ty of Mice 
and Fluoride Doses. A, B and C 
Denote the Regression Line for Male, 
Female,  and Male + Female,  Respec- 
tively. Abscissa is in Log Scale. 

C Y: -1L.23.11.23 log X 

I 

i L 4 0  
3 

LS 48 51 S4 57 60 
3.51'  ' ' ' ' I i S  ' ' ' ' * '  

FLUORIDE (m'g/kg b d  

Resul ts  and Discusston 

No mortal i ty  was observed in t h e  
control  group. Mortali t ies in ma le  
mice, when they were- given 46, 49, 
51, 57 and 60 mg F /kg b.w. were 
20, 40, 20, 50 and 80% respectively. 
The  female mice showed 25. 50, 63, 
63 and 88% mortali ty respectively,  
when they were adminisLered with 
46, 51, 54, 57 and 60 mg F /kg b.w. 

The single oral  dose of fluoride 
for laboratory animals is thus in the  
range of 20-100 mg/kg b.w. (7). The  
present  s tudy revealed an  LDso o f  
54.4 mg F /kg b.w. for  male  mice,  
sl ightly less for female mice (51.6 
mg F /kg b.w.1. The regression lines 
established (probit mortali ty vs  log 
concentrat ions of fluoride dose) for 
ma le  and female mice are parallel  
in na tu re  (Figure IA  and IB). The  
slopes (b) did not differ  significantly 
f rom e a c h  o the r  (Table I). T h e  
common  slope established for both 
sexes  is  in good agreement  (Table 
2). Hence, i t  c an  be s t a t ed  that  L D  5 0  

of  fluoride for  laboratory mice weigh- 
ing 30-35 g is 51 mg/kg b.w. (single 
o ra l  dose), with a fiducial l imit  of 
47 and 56 mg/kg b.w. De Lopez g - al. (8) determined the  LDso of fluor- 
ide for  female rats weighing 80 and 
150 g as 54 and 52 m@g b.w. The 
LDso was low (31 mg F /kg b.w.1 for 
fernf le  rats weighing 200 g. since t h e  
Ca and Mg++ ions in drinking w a t e r  
are capable  of reducing the  toxici ty  
o f  fluoride (91, hardness of w a t e r  

given to the  laboratory animals  a f t e r  t h e  fluoride administration should be con- 
s idered an  important  f a c t o r  in fluoride toxici ty  studies. 
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Table 1 

Heterogeneity and Parallelism of Regression9 

Nature of Variation d.f. ss ms 

Parallelism of Regressions 1 0.0074 0.0074 

Heterogeneity 6 2.6141 0.4356 

TOTAL 7 2.6215 

(Y=a+b log X; Y = Calculated Probit; X = Concentra- 

d.f. = degrees of freedom, ss = Sum of squares; ms = 

Table 2 

LD50, 95% Fiducial L i m i t s  of LDso and x' Value 

tion of Fluoride in Dose; a = Intercept; b = Slope) 

mean square 

Mice LDso+ 95% Fiducial L imi t s  of LDso* X' 

Male 54.41 50.00-59.14 1.99 

Female 51.60 47.71 -55.71 0.62 

Male ' 51.53 Female 47.71-55.71 2.09 

* Expressed as mg F'/kg b.w. of mice. 
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ALTERATION IN GASTRIC ENZYMES OF RATS FOLLOWING 
IN SlTU ADMINISTRATION OF NaF 

by 

Ravi Rastogi, R.K. Upreti and A.M. Kidwai* 
Lucknow, India 

SUMMARY: Fluoride intoxication studies were carried out 
following in situ administration of 24, 48 and 96 mM NaF 
into the ra t  stomach. Gastric luminal fluid showed signifi- 
cant ly  enhanced levels of various cell membrane enzymes 
following NaF treatment. SDS-gel electrophoresis also revealed 
a concentration-dependent release of several polypeptide 
bands. The results indicate that  the  higher concentrations of 
fluoride could partially damage the gastric cell lining. 

KEY WORDS Rat; Stomach; Enzymes; NaF; In situ F- effects. 

lntroduc t ion 

Mass intoxication from accidental over-fluoridation (126 mM) of drinking 
water has been reported. Symptoms most commonly observed were nausea, 
vomiting and diarrhea (1). Alterations caused by fluoride in the permeability 
of membranes and membrane-bound enzymes have been observed in ra t  liver 
and rabbit muscle (2,3). Fluoride consumed by man and animal is chiefly ab- 
sorbed in the intestine (4). However, the effect  of fluoride on gastric secre- 
tion, ion transport and other disorders have also been studied 6-81. Our earlier 
studies have shown significant alterations in the formation of lipid peroxides 
and on the uptake of D-glucose in ra t  intestine (9.10). Since the  e f fec t  of 
fluoride on human health s tems largely from fluoride taken through the oral 
route, the stomach automatically becomes the first obvious organ to be 
involved. The present study was undertaken to  investigate the in situ e f fec t  
of fluoride on ra t  gastric cell lining, the first and most exposed site of con- 
tact. 

Materials and Methods 

Male albino ra t s  (150-170 g) were procured from animal breeding facility 
of Industrial Toxicology Research Center, Lucknow and fasted overnight to 
obtain a food-free stomach. Animals had free access to drinking water. Laparo- 
tomy on each  ra t  was performed under light e ther  anesthesia. The stomach 
was thoroughly washed with distilled water  through two cuts, one slightly distal 
t o  the gastro-esophageal junction and the  other a t  the distal end of the 
gastro-duodenal junction. The stomach sac was prepared by ligating the upper 
end of the  stomach using sterile threads a f te r  which the sac was filled with 
7.0 t o  9.0 mL of sodium fluoride solution through the proximal opening with 
the help of a syringe and blunt needle; the proximal opening was immediately 
ligated. Control animals received distilled water in place of sodium fluoride. 
The stomach was left in situ and the abdomen kept closed. The head of the 

Dr. A.M. Kidwai, Scientist-incharge, Biomembrane, Industrial Toxicology 
Research Centre, Post Box No. 80, Mahatma Gandhi Marg, Lucknow-226 
001, India. 
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animal was kept slightly uplifted; proper breathing and anesthesia was main- 
tained throughout the experiment. After 30 min. of in situ Incubation, the 
stomach sac was removed, gently blotted and luminal content drained Into a 
graduated tube. The luminal fluid was made up to desired volume and used 
for various estimations. 

Alkaline phosphatase was determined according to Welser ( I  I), Ca'+-ATPase 
according to Hidalgo e t  a1 (12), sucrase according to Dahlquist (13) u-glutamyl 
transpeptidase according to Boelsterle and Zbinden (141, and 5'-nucleotidase 
by the method of Aronson and Touster (15). Enzyme activities are expessed 
in terms of specific activity ( IJ moles of reaction product liberated/min/mg 
protein). Protein was determined according to the method of Lowry et  a1 (16) 
using bovine serum albumin as standard. Mean values were compared by the 
student's It'-test. A probability value of less than 0.05 was  chosen as Indicating 
significance. SDS-PAGE was carried out according to Laemmli (17) using 4% 
acrylamide concentration In the collecting gel and 8% in the separating gel. 
The gels were stained with coomasie-brilliant blue. 

Results and Discussion 

Experiments were designed to observe the  release, i f  any, of various en- 
zymes from stomach cell lining following NaF administration. Table I summar- 

Table 1 

Effect of Sodium Fluoride on Rat Stomach Luminal Fluid Enzymes 
tollowing in situ Administration 

Alkaline Sucrase 5*-nucleoticjase "-gfutsmy' Treatment Ca'*-ATPase Phodphatase trsspeptidnse 

Control 0.042 t0.002 0.020 t0.001 0.042 t0.003 0.017 tO.OO1 0.013 tO.OO1 

24mM NaF 0.056 iO.004 0.080 tO.005 0.160 tO.O1l 0.026 t0.002 0.017 tO.OO1 

48mM NaF 0,034 t0.003 0.055 20.004 0.153 t0.013 0.025 90.002 0.015 t0.002 
96mM NaF 0.031 t0.002 0.011 tO.OO1 0.116 tO.009 0.014 20.002 0.010 t0.001 

Values are mean i S . 0 .  from 3-5 animals. Control animals received distilled water. 
P 0.05. 

izes the results for the in situ effect of NaF on rat stomach enfymes. Follow- 
ing 24 m M  NaF administration, u-glutamyl transpeptidase, Ca' -ATPase and 
5'-nucleotidase activities of stomach luminal fluid showed an elevated level 
of 31, 33 and 53%. respectively whereas. sucrase and alkaline phosphatase 
levels were enhanced to about 300% compared to their respective controls. 
However, following 48 mM NaF administration, alkaline phosphatase, sucrase 
and S'-nucleotidase activities of luminal fluid still remained elevated but to 
a lesser extent compared to the 24 mM NaF concentration. Conversely, 96 
mM NaF conTentration lowered the elevated levels of enzyme activities. In 
addition, Ca' -ATPase and alkaline phosphatase were further Inhibited to 26 
and 45%. respectively, compared to their respective controls. 

The release of enzymes  in luminal fluid with 24 m M  NaF could be due 
either to partial damage of cell lining or to stimulation of the gastric surfaceL 
Fluoride is known to alter the permeability of the gasfric cell lining to H 
ion and also in mobilization of other Ions such as Na , K+ and Ca'* (18). 
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Significant release of enzymes in the 
lumen, therefore, indicates a possible 
partial damage of gastric cells. The 
difference in the extent  of increase 
between different enzymes can be 
related to  their location in the mem- 
brane, - sucrase and some phospha- 
tases are  localized a t  the external 
surface of the membrane - whereas 
other enzymes are  int imately associ- 
a ted with the hydrophobic core of 
membrane; they are  situated deeper 
in the membrane. The lowering of 
enzyme activities including inhibition 
with higher NaF concentrations could 
be due to  the presence of higher re- 
maining amounts of fluoride in luminal 
fluid. Our g vitro studies with rat 
intestinal brush border enzymes have 
also shown significant inhibition of 
various enzymes due to higher fluoride 
concentrations (unpublished data). 

To investigate the  release of 
protein/polypeptides into the luminal 
fluid due to  the possible damage of 
the gastric lining cells caused by NaF 

Figure 1 

SDS-gel electrophoresis pattern 
of stomach lummal fluid following 
NaF treatment. 

treatment, polyacrylamid gel electro- 
phoresis of luminal fluid samples was 
carried out. SDS-PACE pattern re- 
vealed a number of protein/polypeptide bands ranging in apparent molecular 
weights of 12,000 to over 300,000 daltons (Figure 1). NaF treatment indicated 
a concentration-dependent release of protein/polypeptide content. Compared 
to  the control, significant alterations in the SDS-PAGE pattern of stomach 
luminal fluid following NaF administration clearly indicates damage of cell 
lining. Furthermore when equal amounts of proteins were used for electro- 
phoresis, differences in some high molecular weight bands were also evident 
with administration of higher fluoride concentrations. 

Conclusion 

The present findings demonstrate the release of either membrane-bound 
or intracellular proteins into the lumen following fluoride administration 
suggesting at  least partial damage of the stomach cell lining. In addition, the 
present technique (in situ) can also be used to evaluate possible damage to 
gastric or intestinal cell lining following administration of various environ- 
mental pollutants and other  toxicants in an animal model. 
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ANALYSIS OF FLUORIDE CONTENT IN 1376 WATER SAMPLES AND 
ENDEMIC FLUOROSIS IN JlANG XI PROVINCE 

by 

Yanyu-fu+, Wanfeng-gen, Zhaurong-shun 
NanChang, Jiang Xi, China 

SUMMARY: This survey was to determine the fluoride content 
in drinking water and the extent of endemic fluorosis in the 
ent i re  province, in order to prevent it. The fluoride content 
of major water samples is less than I ppm and distribution 
of fluorosis is spotty. The fluoride content in water  and 
fluorosis were not significantly correlated. 

KEY WORDS China; Fluoride in water; Fluorosis; Jiang Xi. 

Introduction 

The Occurrence and development of endemic fluorosis is directly related 
to  the fluoride content in the environment, especially in water. To  prevent 
fluorosis, in 1982 we determined the fluoride content in drinking water  in the 
whole province, mainly in potable water and, in 1983, in par ts  of counties and 
cities with the following results: 

Jiang Xi province is located in the Poyang Lake basin on the  southern 
side of the Yangtze river. Terrain inclines gently from south to north and from 
border to  interior. Mountain areas, flatlands and hilly lands a r e  found within 
the boundaries of this province. Mainly the soil is red and loess; rice is the 
major grain. Most residents drink well water, a few drink from rivers and hot 
springs. The province is rich in mineral resources. High-fluoride rock such as 
fluorspar, mica, quartz and coal are  plentiful; about one hundred hot springs 
are found within the boundaries The annual climate is warm, and change of 
seasons is clearly marked. Mean annual temperature is 16-19 "C; mean annual 
precipitation is 1400-2000 mm. 

Material and Method 

To measure the fluoride content in water, a t  least 5 samples of 500 mL 
were taken from five different points in the east, north, south, west, and 
center  of each county. Fluoride content in water was determined by the 
fluoride selective electrode and colorimetric analysis of alizarin zirconium; the 
two methods were tested prior to analysis of samples with no significant 
difference in the result. The epidemiologic survey of fluorosis was made in 
parts of hot spring and high-fluoride rock areas, on the basis of the  diagnostic 
standard of endemic fluorosis issued by the central leading group of endemic 
disease. 

Results 

1376 water  samples were analyzed: 866 were well water, 278 river water, 

Jiang Xi Hygienic and Anti-Epidemic Station, NanChang 330046, Jiang Xi, 
China. 

75 



>
<

 
T

ab
le

 1
 

-- 3
 

,a 4
 P

 
Ty

pe
 o

f 
W

at
er

 
N

o.
 

R
an

ge
 

x 
f
 
so

 
d 

1 
pp

rn
 

D
 

1 
pp

m
 

2 
pp

m
 

4 
pp

m
 

F
lu

or
id

e 
C

on
te

nt
 i

n 
W

at
er

 
3. 

s 
P

ro
po

rt
io

n 
o

f 
S

am
pl

es
 

s
w

 
- 

z 
(p

pm
 1 

N
o.

 
%

 
N

o.
 

%
 

N
o.

 
%

 
N

o.
 

%
 

? 
w

el
l 

86
6 

0.
01
2-
6.
0 

0.
18
 
i0
.3
2 

85
5 

98
.7
3 

7 
0.8
1 

1 
0.
11
 

3 
0.
35
 

N
 

ri
ve

r 
27
8 

0.
01
4-
1.
8 

0.
21
 
t0
.2
6 

27
6 

99
.2
8 

2 
0.
72
 

ot
he

r+
 

20
7 

0.
01
2-
2.
6 

0.
18
 
i0
.1
7 

20
6 

99
.5
2 

1 
0.
48
 

Y
 f 

dy
ke

, 
sm

al
l 

st
re

am
, 

la
ke

, 
ta

p 
w

at
er

. 
2 

ho
t 

sp
rin

g 
25
 

0.
06
0-
14
.0
 

4.
48
 
t3
.3
8 

1 
4.
00
 

4 
16
.0
0 

9
 

36
.0
0 

11
 

44
.0
0 

2 ¶
 

-J
 

Q
) 5 5 

96
 

Ty
pe

- 
a 2 

Ta
bl

e 
2 

D
en

ta
l 

F
lu

or
os

is
 i

n
 P

ar
ts

 o
f 

A
re

a 
a
 

op (R
 

ID
 

0
) 

F
- 

in
 W

at
er

 
C

ro
w

d 
o

f 
S

ur
re

y 
O

F
* 

P
la

ce
 

N
o.

 
R

an
ge

 
X

 
N

o.
 

C
om

po
si

tio
n 

N
o.

 
a
 n
 

X
in

 M
ei

 
1 

0.
08
 

0.0
8 

31
 

na
tu

re
 

21
 

67
.7
4 

A
 

La
o 

H
u 

S
hi

 
1
 

0.
20

 
0.
20
 

20
 

na
tu

re
 

15
 

75
.0
0 

A
 

m
 

Q
ia

n 
m

en
 

1 
0.
16
 

0.
16
 

17
 

na
tu

re
 

7 
41
.1
8 

A
 

H
e 

Ta
ng

 W
ei

 
1 

0.2
 
1 

0.2
 1

 
12
 

pu
pi

ls
 a

ge
d 
10
-1
5 

12
 

10
0.
00
 

A
 

a op 
W

en
 

Ta
ng

 
25
 

0.
15
-1
.9
8 

0.6
3 

11
14
 

na
tu

re
 

26
9 

24
.1
5 

6
 

Lo
ng

 W
an

 
Y

ua
n 

1 
1.2
0 

1.2
0 

48
 

na
tu

re
 

13
 

27
.0
8 

6
 

38
 
0.
08
-1
4.
50
 

1.9
0 

15
08
 

na
tu

re
 

39
 

78
.0
0 

B
 

a 
B

ai
 S

hi
 

2 
1.
20
-2
.6
0 

1.9
0 

50
 

na
tu

re
 

39
 

78
.0
0 

B
 

R
uo

 T
an

g 
1 

2.
50
 

2.5
0 

34
7 

na
tu

re
 

24
0 

69
.1
9 

C
 

Zh
on

g 
Sh

ao
 

2 
0.
10
-6
.0
0 

3.
05
 

70
 

na
tu

re
 

26
 

37
.0
0 

B
 

D
e 

A
n 

flu
or

sp
ar

 a
re

a 
2 

2.
40
-4
.0
0 

3.
20
 

13
 

pu
pi

ls
 a

ge
d 
11
-1
4 

12
 

92
.3
1 

C
 

(p
pm

) 
(p

pm
) 

(rD
 a-
 

C
 

Ta
ng

 H
u 

n 
= 
11
, 

r 
= 
0.
02
, 

p 
>

 
0.0
5 

C
or

re
la

tio
n 

an
al

ys
is

 b
et

w
ee

n 
flu

or
id

e 
co

nt
en

t 
in

 w
at

er
 a

nd
 i

nc
id

en
ce

 o
f 

de
nt

al
 f

lu
or

os
is

 
* 

D
F 

in
di

ca
te

s 
de

nt
al

 f
lu

or
os

is
. 

+
* 

A
 

in
di

ca
te

s 
flu

or
os

is
 c

au
se

d 
by

 
sm

ok
e 

po
llu

tio
n;

 
B:

 
by

 
hi

gh
- 

flu
or

id
e 

ho
t 

sp
rin

g 
w

at
er

: 
C

: 
by

 f
lu

or
sp

ar
 p

ol
lu

te
d 

w
at

er
. 



Analysis of F- in 1376 Water Samples in Jiang Xi Province 77 

25 hot spring water, and 207 were other water  samples. For the fluoride con- 
tent of different types of water see Table I .  

The mean fluoride content in hot spring water  is the highest of all water 
samples. The mean fluoride content in well, river and other water is less than 
I ppm. Differences a r e  statistically significant between the fluoride content 
of hot spring and the other three types of water  (p < 0.01). According to  the 
national standard of  fluoride content of drinking water 10.5-1.0 ppm), the 
fluoride ,content in hot spring water exceeds the standard markedly; of the 
25 hot springs, all except one contain more than I ppm fluoride. The ra te  of 
exceeding the standard is 96 per cent. In those above standard, the fluoride 
content mainly exceeds 4 ppm; they comprise 44 percent of the  total hot 
spring water samples. The rate  of above standard well water is 1.27 percent 
and of river water  is 0.72 per cent. 

Table 2 shows the relationship between fluoride content in drinking water  
and dental fluorosis. The incidence of dental fluorosis is highest (100%) among 
pupils aged 10-15 in He Tang Wei village; second, among pupils aged 11-14 
in De-An fluorspar areas (92.31%). The correlation between dental fluorosis 
and fluoride content in water is not significant (p > 0.05). 

Table 3, which presents the fluoride content of water according to topog- 
raphy, shows that  fluoride content of water  in a mountainous a rea  is higher 
than that in the flatlands, and the  fluoride content of water in flatlands is 
higher than that  in hilly land. The differences in fluoride content of water  
according t o  the  three topographies are not statistically significant. 

Table 3 
Fluoride Content of Water According to Topography 

Range 
(wm)  

Topography No. 

Fluoride Content in Water 
X 2S.D. 
( w m  1 U P 

0.579 > 0.05 
0.875 > 0.05 
0.872 > 0.05 

Flat land 47 0.045-0.74 0.152 i0.14 
Hilly 98 0.027-1.05 0.131 20.125 
Mountain 54 0.022-4.20 0.200 t0.574 

Discussion and Summary 

The natural fluoride level in ground water  depends on such factors as 
geographical location, chemical and physical characteristics, consistency of the 
soil, porosity of rock, pH and temperature, cornplexing action of other 
elements and depth of wells (I). According t o  analysis of water samples, the 
fluoride content of water  in most par ts  of the  province is low. Accumulation 
of fluoride on the  earth’s surface is  not anticipated because of abundance of 
rainfall; precipitation is greater  than evapotranspiration; due to many rivers 
within boundaries, the  discharge of water  is large. According to Li Ribang e t  
al (2) the fluoride content in shallow ground water  and total fluoride content 
in cultivated soil cannot be significantly correlated. There is, however, a posi- 
tive significant correlation between the fluoride content in shallow ground 
water and that dissolved in water  from cul t ivated soil. In the tropics and sub- 
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tropics fluoride is dissolved in water  from red and yellow soil; the  la t ter  is 
neutral to acid (2). Many factors, which determine fluoride in ground water, 
conform to practical conditions of the  province. 

In our province, rich in terrestrial heat resources, more than 90 hot spring 
areas determine 25 hot springs; samples containing above standard fluoride are 
as high a s  24 which i s  identical with data  reported by Zheng Buoshan (3). In 
some areas, high-fluoride in hot spring water causes the fluoride level in river 
water to rise. The fluoride content of hot spring is 6 ppm in He-Keng village 
of Guan Xia commune; in Shi-Cheng county nearby the fluoride content of 
river water  is 1.8 ppm; i t  is 3.2 ppm in Xing Teng commune; in An-Yuan 
county, nearby, it is 1.6 ppm. 

Our province is rich in mineral resources. Because some rock has a high- 
fluoride level, the high-fluoride water  which is close to the rock, causes en- 
demic fluorosis. For example, the mining areas in Ruo-Tang village of Ning-Du 
county and in De-An county belong to this kind of fluorosis area. 

in Japan and Beijing, reports indicate a lack of relationship between 
fluoride content in drinking water and incidence of dental fluorosis (4,s). The 
same situation exists here. Further research is needed to determine whether 
or not the  high-fluoride in food and air is the cause of dental fluorosis. 
Fluorosis caused by smoke pollution from burning coal has been recorded in 
our country. Whereas the fluoride content of drinking water  does not exceed 
the standard in Xing-Mei and Lao Fushi villages in the c i ty  of Pin-Xiang, and 
in  Men-Qian village in the ci ty  of Yi-Cheng where coal is  found, dental 
fluorosis in these areas is marked. Possibly fluorosis results from smoke pollu- ' 

tion. The cause of fluoride pollution requires further research. 
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URINARY FLUORIDE IN WORKERS 
AND RATS EXPOSED TO PHOSPHORITES 

by 
W. Czarnowski, J. Krechniak and K. Szeleivfiski* 

Gdafisk, Poland 

SUMMARY: Absorbed phosporites may release free fluorides 
into the human organism. Urinary fluorides of workers em- 
ployed in transport of phosphorites was significantly higher 
than in controls. In rats given single doses of phosphorite dust 
orally and intratracheally urinary fluoride increased distinctly 
for several days. Pharmacokinetic parameters indicate that 
occupational exposure to phosphorite dust may lead to accum- 
ulation of fluorides in humans. 

KEY WORDS: Humans; Phosphorites; Rats; Urinary fluorides. 

Introduction 

The output and processing of fluorine-bearing sedimentary phosphorite rocks 
increases with the growing demand for fertilizers. Workers employed in trans- 
port of phosphorites are often exposed to high concentrations of dust. 

Although the biologic activity of phosphorites is rather low (1-3). consi- 
dering their fluoride content it cannot be excluded that, under certain condi- 
tions, they may be harmful for humans. Increased uptake of fluorine compounds 
may cause several serious acute and chronic effects (4.5). 

Phosphorites contain several percent fluoride; fluoroapatite contains even 
more. However, since only a small part of the fluoride, that in free form, 
exerts an effect on the organism, release of free fluoride may depend on 
various conditions. 

In the present study this process has been investigated in workers and rats 
exposed to phosphorite dusts by measuring urinary fluoride. 

Materials and Methods Figure 1 

Apparatus for Release and Release of fluoride from phosphorites. 
Absorption of HF. To establish the fluoride content three 

brands of phosphorites were treated 
with water, sulphuric acid and hydro- 
chloric acid. Dissolution of phosphorites 
in acids occurs with release of gaseous 
hydrogen fluoride which was absorbed 
in alkaline solution (Figure I). JL" N ,WO# 

,oo.o,bnp "~,-, 
The fluoride content was measured 

in combined absorbing and reactive 
solutions after neutralization. 

From Departments of Toxicology and Pulmonology, Medical Academy in 
Gdafisk, Poland. 
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Urinary fluoride in humans: Urinary fluoride was determined in 49 workers em- 
ployed in phosphorite transport. During the experiment in spring 1986, phos- 
phorites of brands Alger, Jordan, and Sfax were reloaded. Specimens of urine 
were collected after the  work shift in the middle of the week. The control 
group consisted of 20 healthy adults who had no professional contact with 
fluorides and fertilizers. 

Urinary fluoride in rats. Male Wistar rats weighing 180 220 g were given 
Jordan phosphorite -the brand which contains the highest amount of fluoride. 
Only the  fraction containing particles 0.07 mm or less in diameter was used. 
The phosphorite was administered in single doses: a] orally as a suspension of 
500 mg in 1 m L  of water per rat; bJ intratracheally as a suspension of 50 mg 
in 0.5 m L  of saline per rat. lntratracheal insufflation was performed in rats 
anesthetized wi th  ethyl ether by insertion of a rigid tube into the trachea. 

After administration of a single dose of phosphorite dust, animals in groups 
of two were placed in metabolic cages and 24 h portions of urine were 
collected. The animals were given water ad libitum. To avoid contamination 
of urine, rats were fed outside the  cages (2 h every day). The experiment was 
terminated as soon as the fluoride concentration of treated animals reached 
the pre-exposure level. 

Determination of fluoride. Fluoride in water solution and urine was determined 
by means of a fluoride-specific electrode (Aquajon, model B 002) and Ag/AgCI 
reference electrode with a double jacket. The ion potential was measured by 
a N-512 Elpo pH meter five minutes after immersion of the electrodes. Before 
measurement, samples were diluted with equal volumes of pH 7.0 citric buffer 
(6). Calculations were based on a response factor from a standard curve pre- 
pared daily. 

Student’s t-test was applied to determine significance. 

Results 

The results of fluoride release from phosphorites imported to Poland are 
presented in Table 1. 

A complete dissolution of phosphorites did not occur in any medium. The 

Table 1 

Fluoride Released from Phosphorites 
in Different Media (9 F /lo0 g)* 

~~~~~ ~~ 

Brand Medium 
of 

Phosphorite water 10 N H S O ,  10 N HCI 
~ ~~~ ~ ~ 

Jordan 0.00 18 1.57 0.029 

Algier 0.0023 1.21 0.022 

Sfax 0.001 1 0.77 0.034 

*Values represent t h e  mean of three determinations 
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greatest amount of fluoride was released from phosphorites by 10 N sulphuric 
acid, namely close to the total fluoride content in phosphorites (7). 

Urinary fluoride in rats after administration of a single oral and intra- 
tracheal dose is presented in Figure 2 and in Tables 2 and 3. 

Figure 2 

Excretion of Fluoride in Urine of Rats Treated wi th  Jordan Phosphorite 
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Table 2 

Urinary Fluoride in Rats Given Orally 500 mg of Phosphorites' 

Time after treatment (hr) 
F-(mg'L) 24 48 72 144 168 240 

mean 57.7 24.2 31.8 7.1 10.3 7.5 

iS.D. 18.1 9.0 9.6 1.7 2.7 1.5 

n 10 10 10 10 10 10 

S.D. = standard deviation n = number of animals 

Tables 4 and 5 present pharmacokinetic parameters on fluoride excretion 
in rats treated with phosphorites and urinary fluoride concentrations in workers 
employed in transport of phosphorites respectively. 

Discussion 

The mean urinary fluoride level in untreated rats determined in 30 pairs 
of animals was 6.05 t1.78 mg/L. 
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Table 3 

Urinary Fluoride in Rats Given lntratracheally 
50 mg of Phosphorites 

Time after administration (hr) 
F-(mg/L) 24 48 72 144 

~ 

mean 20.8 10.7 13.5 8.3 

tS.0. 9.3 3.4 4.2 2.4 

n 10 10 10 10 

(Abbreviations as in Table 2) 

Table 4 

Pharmacokinetic Parameters 

Route of Administration 
oral intratracheal Time 

interval 
ke t0.5 ke t0.5 

0-48 hr 0.034 20.1 0.026 26.6 

72-168 hr 0.012 58.7 0.00s 136.1 

log c1 - log c2 
0.4343 (tz - t i )  ke = elimination rate constant (h-) = 

c,,cO = fluoride concentrations in times t,,tl 

0.693 
t0.5 = 7 5 elimination half-life (hr) = t0.5 

Table 5 

Urinary Fluoride in Workers Employed 
in Transport of Phosphorites 

F-(mg/L) Workers Controls 

mean 1.70. 1.05 

tS.0.  1.20 0.38 

n 49 20 

Abreviations as in Table 2 

*Significant at p 0.01 

After administration of phosphorites both orally and intratracheally urinary 
fluoride increased considerably for several days. 

Excretion of fluoride i s  biphasic; the rapid phase occurs between 0-48 h 
and a slower phase between 72-168 h. At  the third day (48-72 h) after admin- 
istration of phosphorites by both routes urinary fluoride increased distinctly, 
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possibly the result of liberation of free fluoride in the body or release from 
primary depots - erythrocytes and serum proteins (9). 

The result of experiments on rats  (elimination half-life) indicates that 
occupational exposure to high levels of phosphorite dusts may lead to  accumu- 
lation of fluoride in the body. Whereas phosphorites were transported ashore 
from ships and from wharfs to  freight cars  by band conveyors, some operations 
are performed manually. About 60 workers were employed in phosphorite trans- 
port. The exposure depends on the intensity of work and the supply of 
material. Usually the) do not use  any respiratory protective devices. The con- 
centration of dust in air on work-stand ranged from 1-250 mg/m3 (in Poland 
the MAK value is 10 mg/m3). Microscopic examination of phosphorite dust 
demonstrated that  4040% of the particles belong to  the respirable fraction 
(below 5 u r n  in diameter) which easily penetrates to respiratory bronchioles 
and pulmonary alveoli. 

Nevertheless, no significant changes in health of workers with long-term 
exposure was ascertained. Only a few cases of upper airways irritation and 
'one case of moderate pneumoconiosis were found in this group. 

Conclusion 

The mean urinary fluoride level of workers employed in transport of phos- 
phorites was significantly higher than in controls (p 0.01). The highest result 
found in workers was 8.2 mg/L. Values obtained by others in unexposed persons 
a r e  in the range of 0.18-1.14 mg/L; in exposed persons 2.41-43.41 mg/L 
(3,6,8- 10). 

on 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

Fluctuations in urinary fluorosis observed on different days may depend 
intensity of work and meterological conditions. 
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CHANGES IN METABOLITES AND PHYSIOLOGICAL ACTIVITIES 
IN A FRESHWATER MUSSEL, INDONAIA CAERULEUS (PRASHAD) 

DUE TO SHORT-TERM EXPOSURE TO FLUORIDE 

by 

U.H. Mane*, K.S. Pillai, SR. Akarte, D.A. Kulkarni and K.R. Rao 
Aurangabad, India 

SUMMARY: Exposure of  freshwater bivalve lndonaia caeruleus 
to 0.5, 2.0 and 5.0 ppm fluoride for 12 hr, produced changes 
in rate of  heart beat and oxygen consumption. Fluorlde 
affected protein, glycogen and lipid content of  various tissues. 
When the animals exposed to fluoride were maintained in 
fluoride-free medium for 12 hr, the rate of  heart beat and 
oxygen Consumption almost returned to normal. In this medium 
changes in metabolites varied considerably. Toxictty of  
fluoride is specific to different tissues and doses/concentra- 
tion. 

KEY WORDS Fluoride toxicity; Freshwater bivalve; Glycogen; Heart beat: 
Lipid; Oxygen consumption; Protein. 

lntroduct ion 

Studies on the toxicity of  members of  the aquatic ecosystem to trace 
elements i s  gaining considerable attention from biologists. One of  the trace 
elements, fluoride, plays a major role in deteriorating the aquatic ecosystem 
(I). In an assessment of the toxic components of  the Illinois River water 
(USA), fluoride was one of  6 major contributors to toxicity in blue gills 
(Lepomis machrochirus) (2). Few reports are available on the toxicity of 
fluoride to aquatic vertebrates, such as fishes (3.41, invertebrates like crabs 
(5,6) and bivalve molluscs (7.8). The fluoride ion is  a protoplasmic poison and 
a living cell can only tolerate a small amount of i t  (9). Studies (in vitro) have 
shown that incubation of liver and kidney cells of Wistar rats in various 
fluoride concentrations (1.5-12 mM NaF) for 60 min adversely affected protein 
synthesis (10). However, in vitro effects of  fluoride on vertebrate tissues may 
differ from in vivo effects since the major part of ingested fluoride i s  lncor- 
porated into the mineralized tissues ( I f ) .  Hence in the present study the bi- 
valve mollusc, an important link in the aquatic ecosystem at the lower level 
of the food chain, was. selected as the test animal. 

This study, aimed at understanding the changes, i f  any, in physiological 
activities such as oxygen consumption, heart beat and protein, glycogen and 
lipid content in different tissues (foot, mantle, gill, hepatopancreas and gonad) 
of  the fluoride-exposed bivalve molluscs, 1. caeruieus. 

introduction 

Studies on the toxicity of members of the aquatic ecosystem to trace 
elements i s  gaining considerable attention from biologists. One of  the trace 

From the laboratory of  Molluscan Endocrinology and Toxicology. Depart- 
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elements, fluoride, plays a major role in deteriorating the aquatic ecosystem 
(1). In an assessment of the toxic components of the Illinois River water  
(USA), fluoride was one of 6 major contributors to toxicity in blue gills 
(Lepomis machrochirus) (2). Few reports are  available on the toxicity of 
fluoride to aquatic vertebrates, such as fishes (3,4), invertebrates like crabs 
(5,6) and bivalve molluscs (7.8). The fluoride ion is a protoplasmic poison and 
a living cell can only tolerate a small amount of it (9). Studies (in vitro) have 
shown that incubation of liver and kidney cells of Wistar rats in  various 
fluoride concentrations (1.5-12 m M  NaF) for 60 min adversely affected protein 
synthesis (10). However, in vitro effects of fluoride on vertebrate tissues may 
d i f fe r  from in vivo effects since the major part of ingested fluoride is incor- 
porated into the mineralized tissues (11). Hence in the present study the bi- 
valve mollusc, an important link in the aquatic ecosystem a t  the lower level 
of the  food chain, was selected as the test animal. 

This study, aimed at understanding the changes, i f  any, in physiological 
activities such as oxygen consumption, heart beat and protein, glycogen and 
lipid content in different tissues (foot, mantle, gill, hepatopancreas and gonad) 
of the fluorideexposed bivalve molluscs, & caeruleus. 

Materials and Methods 

The animals (I. caeruleus), collected from Godavari River a t  Paithan in 
Dist. Aurangabad, Maharashtra State, India, were brought to  the laboratory, 
the  shells cleaned and stocked in water from a reservoir for 24 hr. Our pre- 
vious studies have shown that & caeruleus can easily acclimatize to  this water  
(12). Fifty animals, 40-45 mm in length, were maintained in distilled water  
(19OC). At the end of 24 hr the rate  of oxygen consumption, heart beat and 
protein, glycogen and lipid contents of different tissues namely foot, mantle, 
gills, hepatopancreas and gonad of the animals were estimated. Similar estima- 
tions were also conducted on the animals maintained in reservoir water. The 
initial determination of these, prior t o  treatment, was to note changes (if any) 
due t o  maintenance in distilled water. The study was designed t o  understand 
the  changes in physiological activities ( ra te  of heart beat and oxygen consump 
tion) and metabolites (protein, glycogen and lipid) in caeruleus, when fluoride 
was added to the exposure medium (experiment I) and when fluoride was with- 
drawn from the medium (experiment 11). 

Experiment I: Ten animals in each treatment were exposed to  0.0 (controls), 
0.5, 2, and 5 ppm fluoride (sodium). At the end of I, 6 and I2 hr, ra te  of 
heart beat and oxygen consumption were measured from animals exposed to 
the  various treatments. After measurement the animals were returned to the 
respective exposure m e d i a  Protein, glycogen and lipid content in different 
tissues of animals from the fluoride treatment as well as controls were esti- 
mated a t  the end of 12 h r t  

Experiment 11: After  12 hrs animals exposed to different fluoride concentrations 
were separately maintained in distilled fluoride-free water. At the end of 12 
hrs, biochemical estimations were conducted on these animals as well as on 
controls. 

To count the  hear t  beat, the heart of the animal was exposed by removing 
a portion of the  shell a t  the umbo region. The shell was cut  t o  a triangular 
shape using a hacksaw and the cut  portion carefully removed. The rate of  
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hea r t  beat was expressed as t he  number of diastole  beatdmin.  The oxygen con- 
sumed by t h e  animals  was measured according to Colterman (3) and expressed 
as mg oxygen consumed per l i ter  soh in I hr  by I g of animal (excluding t h e  
weight of the  shells)  (mg/L/h/g). The  protein c o n t e n t  in tissues was e s t ima ted  
by the biuret  method (14) using bovine serum albumin as the  standard. G l y c e  
gen content  was measured according t o  d e  Zwaan and Zandee (15). Lipid con- 
t e n t  was e s t ima ted  gravimetrically as given by Blig and Dyer (16). The results 
are expressed on 100 mg wet weight of tissue. 

Determinat ions o f  physiological act ivi t ies  and  est imat ion of metabolites 
were  done from 3 randomly selected animals. Analysis of var iance (two way, 
with replicates),  followed by Student-Newman-Keuls test for comparison of  
means ( 1  7) was used to determine significant differences within t h e  t r ea tmen t s  
in experiments  I and 11. 

Resul ts  

Initial estimations,  prior to fluoride exposure,  did not show any  significant 
difference between animals  from reservoir w a t e r  and those maintained in dis- 
t i l led water.  

In experiment  I, (Figure 1) protein con ten t  in foot, hepatopancreas  and 
gil ls  of the  animals  exposed to t he  fluoride t r e a t m e n t s  (0.5, 2.0 and 5.0 ppm) 

Fiqure 1 

Protein con ten t  in different  t issues  in caeruleus.  Experiment I, animals  
exposed to d i f f e ren t  f luoride media fo r  12 hr; Experiment 11, f luoride-treated 
animals  maintained in fluoride-free medium for 12 hr. Values represent  means 
6.D. of 3 animals. 
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significantly increased compared to t h e  control  (p  < 0.5). In man t l e  and gonad 
of animals  exposed to 0.5 pprn fluoride, protein con ten t  increased significantly 
compared to t h e  control (p  0.05). In experiment  II animals  exposed to 
different  fluoride media showed high protein con ten t  (p  < 0.05) in foot and 
hepatopancreas,  compared to t h e  control,  as in experiment  1. Protein content  
in gills did not change significantly (p > 0.05). In man t l e  and gonad, protein 
con ten t  decreased significantly (p  < 0.05) in animals  exposed to 2.0 pprn 
fluoride. Comparing experiment I1 with experiment  I, t h e  increase in protein 
con ten t  was significant only in hepatopancreas  (Figure I). 

Figure 2 

Glycogen content  in d i f f e ren t  t issues of caeruleus.  Experiment I ,  animals 
exposed to different  f luoride media for 12 hr; Experiment  II, fluoride-treated 
animals  maintained in fluoride-free medium f o r  12 hr. Values represent means 
rS.D. of 3 animals. 
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In experiment I, glycogen con ten t  (Figure 2) in foot did not change signifi- 
can t ly  compared t o  the  control  (p > 0.05). I t  increased significantly in gonads 
and in hepatopancreas of t h e  animals  exposed to 5.0 ppm fluoride. In mantle,  
glycogen content  increased significantly in animals  exposed to 0.5 ppm fluoride 
(p < 0.05) and decreased in those exposed to 5.0 ppm fluoride. Gills showed 
a significant decline in glycogen con ten t  in a l l  exposure media  (p < 0.05). In 
experiment  11, changes in glycogen con ten t  in foot and gills compared t o  t h e  
control  remained the  s a m e  as in expe r imen t  1. In man t l e  it increased signifi- 
cantly,  compared to controls  in animals  exposed to 0.5 and 5.0 ppm fluoride 
(p  0.05). Hepatopancreas did not  show any significant change in glycogen 
con ten t  (p  a 0.05). I t  decreased significantly in gonads (p  0.05) of animals  
exposed to all  fluoride media. Comparing experiment  I I  with experiment I 
changes in glycogen con ten t  in different  t issues  was  insignificant (p > 0.05) 
(Figure 2). 
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In experiment I, compared to the control, lipid content did not change 
signficantly (p > 0.05) in foot, mantle, gills and hepatopancreas of  the animals 
exposed to different fluoride media (Figure 3). However, i t  decreased signlfi- 
cantly (p < 0.05) in gonads of  animals exposed to 0.5 ppm fluoride. In experl- 
ment I t ,  as in experiment I ,  no significant change was observed in lipid content 
in foot, mantle, gill and hepatopancreas of the animals compared to controls. 
Compared to the control, lipid content in gonad significantly declined (p < 
0.05). When experiment I I  was compared with experiment I, changes in lipid 
content were insignificant in tissues, except in gonad, where i t  had significantly 
decreased (p < 0.05) (Figure 3). 

Figure 3 
Lipid content in different tissues of caeruleus. Experiment I, animals exposed 
to  different fluoride media for 12 hr; Experiment II, fluoride-treated animals 
maintained in fluoride-free medium for 12 hr. Values represent means G.0. 
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Compared to the control, a significant, dose-dependent decrease in rate 
of heart beat was observed in animals exposed to different fluoride media (p 

0.05) (Figure 4). In animals maintained in distilled water for I 2  hr (experi- 
ment 111, the rate of heart beat did not change significantly, compared to con- 
trols (p > 0.05) (Figure 4). Rate of oxygen consumption, compared to the 
controls, increased significantly in the animals at the end of I and 6 hr ex- 
posure to different fluoride media (p < 0.05) (Figure 5). However, at the end 
of  12 hr i t  declined significantly in higher concentrations o f  fluoride (p < 
0.05). In experiment II, the animals exposed to 0.5 and 2 ppm fluoride did not 
show a significant change in rate of oxygen consumption (p * 0.05). However, 
animals exposed to 5.0 ppm fluoride showed a significantly higher r6te of 
oxygen consumption than controls (p 0.05) (Figure 5). 
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Figure 4 

Rate of heart beat of 1. caruleus. Experiment I, animals exposed t o  different 
fluoride media: Experiment II, fluoride-treated animals maintained in fluoride- 
free medium. Values represent means S.D. of 3 animals. 
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Figure 5 

Rate of oxygen consumption of caeruleus. Experiment I, animals exposed 
to  different fluoride media; Experiment II, fluoride-treated animals maintained 
in fluoride free medium. Values represent means &D. of 3 animals. 
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Discussion 

Abnormal fluoride content i n  river water can be a major threat to animal 
l i fe (6). Fingernail clams (Musculium tranversum) exposed to 0.75 ppm fluoride 
showed 50% reduction in cilia beating at the end of 10 mln (18). These clams 
were more sensitive to sub-iethal than to lethal concentrations of fluoride. 
In the present study, protein content in tissues of  the bivalve molluscs was 
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altered more by 0.5 ppm than by 2.0 and 5.0 ppm fluoride. This alteratlon was 
more pronounced in gonad, followed by hepatopancreas. In 0.5 ppm fluorlde 
concentration, lipid content in gonad declined, whereas glycogen content 
remained unchanged; Gills showed an increase In protein content, a decrease 
in glycogen content. Mantle in 0.5 ppm increased in protein and glycogen con- 
tent whereas in 5.0 ppm glycogen content decreased. Different tissues of  this 
bivalve mollusc show differential sensitivity to fluoride toxicity. Whereas 
several in vltro studies (19,20) emphasize that the cytotoxic effect of fluoride 
Is  inhibition of  protein synthesis according to Hongsi:, et al. (10). There may 
be some other mechanism of cytotoxic effect of  fluoride depending on cell 
types. 

In Gonads the primary target for fluoride toxicity Seems to be a lipid con- 
tent decrease which may be due to increases in oxygen consumption. In 
barnacles oxygen consumption i s  directly related to biochemical resources (2 I). 
A steady increase In oxygen consumption coupled with a decrease in lipid store 
was observed in starving carnivorous prosobranch, +hais lamellosa (22). In the 
present study, rate of heart beat was negatively related to  oxygen consump- 
tion. It has been shown that rate of  heart beat in Arctica islandica i s  directly 
related to oxygen tension of the blood (23). Bradycardia in caeruleus exposed 
to fluoride media may be due to the increased oxygen tention of blood. In- 
crease in oxygen consumption caused peroxidative destruction of lipid (24). In 
the present study some of the tissues of caeruleus, particularly gonad and 
hepatopancreas are profoundly affected by fluoride toxicity. Certain cells are 
able to grow in the presence of toxic fluoride Concentrations by keeping lntra- 
cellular fluoride concentrations low (25). Hepatopancreas and gonads of  I. 
caeruleus seem to have less capacity to maintain a low intracellular fluoride 
concentrat ion. 

Conclusion 

Fluoride toxicity to freshwater bivalve molluscs is many-fold and tissue 
specific. Certain tissues are more sensitive to lower fluoride concentrations 
than to higher ones. Decrease in lipid content coupled with increase in oxygen 
consumption suggests the possibility of lipid perodixation which, however, 
requires further investigation to substantiate. 
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FLUORIDE SUPPLEMENTATlON 

by 

Committee on Nutrition* 1985-1986 

(Abstracted from Pediatrics 77:758-761, 1986) 

The narrow therapeutic range of fluoride and the danger of excess fluoride 
ingestion which results in dental mottling (fluorosis) is increasingly being recog- 
nized. In view of the fact that mineralization of permanent teeth continues 
up to 6 years of age, the systemic dental effects of fluoride are exerted 
during this period. Excess fluoride ingestion at this time can cause fluorosis. 
The narrowness of the therapeutic range is emphasized by the  fact that mild 
fluorosis has been seen with oral intakes greater than 0.1 rng/kg/d. For the 
permanent teeth, the most critical period of vulnerability to excess fluoride 
occurs a t  approximately 2 years of age. The effectiveness of fluoride supple- 
mentation in pregnancy is still .in dispute. 

Fluoride intake of 6-year-old infants in the United States has been 
estimated to vary from 0.207 to 0.541 mg/d (0.03 to 0.07 mg/kg/d). Thus the 
total amount of fluoride added to the diet may be appreciable. 

Since toothpaste contains I mg fluoride per gram it is essential that 

Laurence Finberg, M.D., Chairman 
Signed by six members  of the American Academy of Pediatrics 

parents teach their children to avoid swallowing toothpaste. 

KEY WORDS Dental fluorosis, Fluoride supplements 

REPRINTS: 141 N.W. Point Rd., Elk Grove, IL 60007 

OCCURRENCE AND DISTRIBUTION OF FLUORIDE 
IN GROUNDWATERS OF KENYA 

by 

K.R. Nair*, F. Manji, and J.N. Gitonga 
Nairobi, Kenya 

(Abstracted from East African Medical Journal 61:503-512, 1984) 

Water samples from 1286 boreholes and wells from different parts of 
Kenya were analyzed for their fluoride ion concentration. In the majority of 
the samples (61.4%) the  fluoride ion level was above 1.0 ppm; 19.5% were 
above 5.0 ppm. The highest concentration recorded was  57.0 ppm. Excess levels 
of fluoride were found in most parts of the country, especially in the Nairobi, 
Rift Valley, East and Central Provinces, where approximately 59.5% of Kenya’s 
population is located. 
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In all, 1286 samples of water  were analyzed; 183 from Nairobi Province, 
13 from Western Province, 93 from Coast Province; 31 from Nyanza Province, 
181 from Eastern Province, 76 from North Eastern Province, 313 from Rift 
Valley Province, and 396 from Central Province. Of samples analyzed, in 248 
(19.3%) the  fluoride ion concentration was between 0.0 and 0.4 ppm; in 247 
(19.2%) between 0.5 and 1.0 ppm; in 411 (31.9%) between 1.1 and 3.0 ppm; 
in 129 (10.0%) between 3.1 and 5.0 ppm; in 99 (7.7%) between 5.1 and 8.0 
ppm; and in 152 (11.8%) 8.1 and over. 

the  distribution of volcanic soils in Kenya. 
The distribution of high fluoride in groundwaters was found to approximate 

Fluorosis has been reported from both Ethiopia in the north, and from 
Tanzania in the south. The high prevalence of dental fluorosis reported to be 
endemic may possibly indicate that  groundwaters form an important source 
of fluoride in the diet. 

Clearly, if the waters examined here are being drunk by humans then the 
majority of groundwater sources in Kenya are  in need of defluoridation. 
Research to investigate economic and cost-effective methods of partial defluor- 
idation is urgently needed. 

KEY WORDS Defluoridation needed; Fluorosis; High F in groundwater; Kenya 

REPRINTS: K.R. Nair, Department of Dental Surgery, University. of Nairobi, 
Nairobi, Kenya - 

RESPIRATORY SURVEY OF NORTH AMERICAN INDIAN CHILDREN 
LIVING IN PROXIMITY TO AN ALUMINUM SMELTER 

by 

P. Ernst, D. Thomas, and M.R. Becklake 
Montreal, Quebec, Canada 

(Abstracted from Am. Rev. Respir. Dis. 133507-312, 1986) 

To determine whether respiratory abnormality and lung function were re- 
lated to intensity (level, duration) of exposure t o  industrial fluoride emissions 
consisting of particulate and gaseous fluoride, 253 North American Indian child- 
ren I 1  to 17 years of age - living on the Akvasasne Reserve, adjacent to an 
aluminum smelter  - were studied. Subjects were evenly distributed among the 
differing ages that  constitute adolescence, and a similar number of boys and 
girls were examined. The overall prevalence of cigaret te  smoking (18% in boys, 
33.3% in girls) were similar to that  previously reported in other  Canadian 
adolescents. Among boys, closing volume versus vital capacity (CV/VC%) was 
increased in those raised closest t o  the smelter as opposed to those living most 
of their lives farthest from this source of air pollution. In both sexes, there 
was a significant linear relationship between increasing CV/VC% and the 
amount of fluoride contained in a spot urine sample. 
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The authors concluded that exposure to fluoride air pollution in the 
community may be associated with abnormalities in small airways. The implica- 
tion of these abnormalities for future respiratory health is unknown. 

KEY WORDS Air pollution (fluoride); Aluminum smelter, Canada; Indians (North 
American); Respiratory abnormalities. 

REPRINTS: Pierre Ernst, M.D., Respiratory Division, Montreal General 
Hospital, 1650 Cedar Ave., Montreal Quebec, Canada H3G IA4 
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HYDROGEN FLUORIDE PERMEABILITY O F  ASTOMATOUS 
AND STOMATOUS PLANT CUTICLES 

Influence of Stomata and Comparison with Water Permeability 

by 

Jean-Pierre Garrec+ and Roger Plebin 
Champenoux and Grenoble, France 

(Abstracted from Environmental and Experimental Botany 26:299-308, 1986) 

Cuticles from the adaxial surface (with few stomata) and the abaxial 
surface (with numerous stomata) of Monstera deliciosa (Philodendron) have been 
isolated enzymatically to determine HF and H 2 0  permeability and the influence 
of s tomata on these permeabilities. The results indicate: 

1. The permeability coefficients, higher for HF-$han-for H20, a r e  of the 
order 2.06 x 10 ’ ms for HF and 2.8 x 10 ms for H20. 

Extraction of soluble lipids from the  cuticle increases the permeability 
of both HF and HaO. Soluble lipids a r e  demonstrated t o  be the main 
resistance for H 2 0  permeability in cuticles, but for HF, both the cutin 
matrix and soluble lipids determine total resistance. 

3. The HF and HaO permeabilities of the cutin matrix a r e  of the same 
magnitude, and the results suggest that  HF permeates the cuticle 
mainly y& the  lipidic components. 

In abaxial cuticles, the presence of s tomata increases their HF and H a  
permeability, and the  permeability coefficient of the closed stomata are of  
t h e  same magnitude for HF and H20. In these stomatous cuticles, H20 per- 
meates the  cuticles mainly y& the stomata, whereas HF permeates them 2 
both the s tomata and cuticular membrane. 

KEY WORDS: Cuticles; HF permeability; Influence of stomata. 

REPRINTS J.P. Garrec, INRA, Centre  d e  Recherches Forestibres, Labora- 
toire  d’Etude de  la Pollution Atmosphtrique, Champenoux, 54280 
Seichamps, France. 
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INFLUENCE OF DITHIOCARB, (+)-CATECHIN AND SYLBINE ON 
HALOTHANE HEPATOTOXICITY IN THE HYPOXIC RAT MODEL 

by 

C.P. Siegers, A. Fruhling, and M. Younes 
Lubeck, W. Germany 

(Abstracted from Acta Pharmacol. et Toxicol., 53: 125-129, 1983) 

In phenobarbital (phenemalum NFNkpretreated male rats exposed to 1% 
halotane for 2 hrs under hypoxic conditions (10% 01) significant increases in 
serum enzyme activities of alanine aminotransferase and sorbitol dehydrogenase 
were observed 24 and 48 hrs later indicating liver damage. In th i s  known 
model of halothane hepatotoxicity, pretreatment with (+)+atechin (200 mg/kg 
orally) or silybine (150 mgkg orally) protected against halothane-induced liver 
injury, whereas diethyldithiocarbamate (200 mgAg orally) failed to be ef fec- 
tive. Halothane decreased the concentration of reduced glutathione in liver 
only under hypoxic conditions indicating that glutathione might be involved in 
the non-oxidative metabolic pathways of halothane. Free fluoride in plasma 
was used as a measure of non-oxidative defluorination of halothane. Higher 
plasma fluoride levels were observed under conditions which led to hepato- 
toxicity but did not correlate with the protective effects of the antidotes. This 
further supports the assumption that 2-chloro-I,l,l-trifluoroethane might be 
the radical intermediate responsible for halothane hepatotoxicity. 

KEY WORDS (+)-Catechin; Diethyldithiocarbamate; Halothane; Hepatotoxicity; 
Silybine; Rats. 

Dept. of Toxicology, Medical School, D-24 Libeck, Ratteburger 
All& 160, W. Germany. 

Author's Abstract 

REPRINTS: 

FLUORIDE IN MIXED HUMAN SALIVA AFTER 
DIFFERENT TOPICAL FLUORIDE TREATMENTS AND 

POSSIBLE RELATIONS TO CARIES INHIBITION 

by 

C Bruun, D. Lambrou, M.J. Larsen, 0. Fejerskov, 
and A. Thylstrup 

Copenhagen, Denmark 

(Abstracted from Community Dent. Oral Epidemiol. 10: 124-129, 1982) 

The present study attempts to relate measurements of fluoride concentra- 
tions in mixed saliva, following various forms of topical treatments, with avail- 
able findings from corresponding clinical trials. It is estimated that a caries 
reduction of about 30% might be obtained from any of these treatments. 
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No simple relationship between fluoride levels in saliva and caries reduc- 
tion was observed. The potential of remineralizing solutions like saliva is 
markedly increased by the presence of fluoride ions in concentrations as low 
as  about 1 ppm or even lower. The higher caries reductions obtained with 
supervised toothbrushing as compared with unsupervised brushing may in part 
be related t o  the controlled removal of plaque, which may facilitate the action 
of fluoride. 

In conclusion, caries inhibition obtained from any of these treatments can 
be ascribed to the capacity of fluoride in the local environment to reduce 
car ies  progression at clinical and subclinical levels. 

KEY WORDS: Caries inhibition; Salivary fluoride; Topical fluorides. 

REPRINTS Dept. of Cariology, Royal Dental College, 160 Jagtvej, DK-2100 
Copenhagen, Denmark. 
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EFFECTS O F  FLUORIDE ON MEMBRANE PERMEABILITY AND 
BRUSH BORDER ENZYMES O F  RAT INTESTINE IN SITU 

by 

R.M. Shayiq, H. Raza, and A.M. Kidwai 
Srinagar, Kashmir, India 

(Abstracted from Food Chem. Toxicol. 24:33-6, 1986) 

When 12 mM sodium fluoride was instilled into the  ligated intestine of 
anesthetized rats  for 30 min., concentration-dependent change in permeability 
was observed; there+was in increase in the  volume of luminal fluid and al tered 
net transport of Na and K+ ions. The change in permeability was accompanied 
by increased protein, sialic acid and nucleic acid accumulation in luminal fluid. 
A striking IOU of brush border alkaline phosphatase (41%) sucrase (59%) and 
gamma-glutamyl transpeptidase (73%) activities was observed a t  96 mM fluoride 
with a corresponding increase in the activity of these enzymes in luminal fluid; 
12 mM fluoride on the other  hand did not produce any significant effect. 

This loss was probably not due to an inhibition of the  enzymes by fluoride 
since in vitro experiments did not produce any such e f f e c t  over a 0-32 mM 
range of NaF concentrations except on alkaline phosphatase activity a t  the  
32 mM N a F  concentration. The studies, therefore, suggest that  loss of brush- 
border enzyme activities observed in situ was most probably due to membrane 
damage caused by the high fluoride concentration. 

KEY WORDS: Enzyme inhibition; Membrane damage by NaF; Rats. 

REPRINTS Dept. of Biochemistry, Government College for Women, Univer- 
sity of Kashmir. M.A. Road, Srinagar 190 001, Kashmir, India. 
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EFFECT OF FLUORIDE ON THE PHOSPHODIESTERASE 
OF BOVINE PHOTORECEPTORS 

by 

Enrico Bignetti, Robert T. Sorbi and Roberto Tirindelli 
Parma, Italy 

(Abstracted from Vision Res. 26:383-389, 1986) 

In the absence of the specific hormone, fluoride is able to activate the  
adenylate cyclase because it interacts with the GTP binding protein. It has 
been reported that fluoride activates also the phosphodiesterase of the light- 
sensitive enzymatic cascade in dark-adapted retinal rod outer segments, but 
there  is no indication whether or not the GTP-binding protein is involved in 
this process. W e  show here that, also in the photoreceptor system, fluoride 
does interact with GTP-binding protein in order to act ivate  the phospho- 
diesterase in the  dark. Further, we show evidence that fluoride solubilizes the 
GTP-binding protein in the dark and that  the resulting complex activates the 
phosphodiesterase in dark-adapted rod outer  segment membranes. 

KEY WORDS Fluoride; GTP-binding protein; Phosphodiesterase; Photoreceptors; 
Rod outer segments. 

REPRINTS Robert T. Sorbi, lnstituto di Fisiologia Umana, Universita di 
Parma, 43100 Parma, Italy 

********** 

ULTRA!3TRUCTURE OF FLUORIDE-INDUCED CY!jTS 
IN THE RAT MOLAR ENAMEL ORGAN 

by 

Anita Lange Nordlund, James W. Simmelink, 
Fredrik Henell and Lars Hammarstrom 

Stockholm, Sweden 

(Abstracted from Scand. J. Dent. Res. 94:327-337, 1986) 

Ultrastructure of ameloblasts forming the cyst ic  wall together with cells 
within the cystic lumina was studied by means of transmission electron micru- 
scopy. Twenty-four hours a f te r  the injection of fluoride the ameloblasts of the  
cyst ic  wall showed varying degrees of cytoplasmic and nuclear alterations. 
Some cells displayed signs of necrosis as indicated by condensation of the  
chromatin. The cytoplasmic changes ranged from altered organelle morphology 
t o  fragmentation and almost complete shedding of the whole cytoplasm. In the  
ameloblasts of the cystic wall, secretory products accumulated intracellularly 
in distended rough endoplasmatic reticulum, in vesicles of the Golgi region and 
extracellularly between ameloblasts as well as between cells in the s t ra tum 
intermedium, indicating an altered matrix secretion. Electron lucent material, 
cell and cell fragments were found in the  cystic lumina, the two la t ter  
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apparently originating from the ameloblastic layer. The degenerative changes 
seemed to follow the normal pattern of cell degeneration. 

Light microscopy showed cystic lesions of the ameloblastic layer following 
a single high dose of fluoride and hypoplasias of the developing enamel, associ- 
ated with these cysts. According to ultrastructural studies atrophy of the distal 
part of the ameloblasts followed both chronic and acute  fluoride administra- 
tion. Secretory products accumulated in the rough endoplasmic reticulum. Since 
morphologic changes of the ameloblasts in the cystic area have not been 
described in detail, the present investigation was undertaken to study the ultra- 
structure of these cells, with special attention t o  the  distal part of the amelo- 
blasts facing the developing enamel and t o  the content of the  cystic lumen. 

The fluoride-induced alterations in the molar enamel organ consisted of 
subameloblastic cysts separated from each other by regions of ameloblasts that  
displayed no morphologic signs of degeneration. 

KEY WORDS: Ameloblasts; Fluoride; Tooth development. 

REPRINTS Anita Lange Nordlund, Department of Oral Pathology, School 
of Dentistry, Karolinska Institutet, Box 4064, S-I41 04 Huddinge, 
Sweden. 
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FLUORIDE ABSORPTION: INDEPENDENCE FROM PLASMA FLUORIDE LEVELS 

by 

G.M. Whitford and J.L. Williams 
Augusta, Georgia, USA 

(Abstracted from the Society for Experimental Biology and Medicine 
181:550-554, 1986) 

Four different methods were used to evaluate t h e  e f fec t  of plasma fluoride 
levels on the  absorption of the  ion in rats: (1)  the  percentage of daily fluoride 
intake that  was excreted in the urine; (2) the concentration of fluoride in 
femur epiphyses; (3) the  net areas under time-plasma fluoride concentration 
curves after intragastric fluoride- doses; and (4) the  residual amounts of fluoride 
in gastrointestinal t rac ts  a f te r  the intragastric fluoride doses. These methods 
failed to indicate that  plasma fluoride levels influence the rate  or degree of 
fluoride absorption. Unless extremely high plasma fluoride levels a r e  involved 
(pharmacologic or  toxic doses) it was concluded that  absorption of the fluoride 
ion is independent of plasma levels. These results provide further evidence that  
plasma fluoride concentrations a r e  not homeostatically regulated. 

KEY WORDS: lntragastric F- doses; Plasma F-; Rats. 

REPRINTS: Departments of Oral Biology and Physiology, Medical College 
of Georgia, Augusta, Georgia 30912, USA. 
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Studies in Environmental Science 27: FLUORIDE RESEARCH I985 (Elsevier, 
Amsterdam-New York-Oxford-Tokyo, 1986) 

This 435-page volume contains 49 selected papers presented at the 14th 
Conference of the International Society for Fluoride Research, Morioka, Japan, 
June 12-15, 1985. Clearly printed and sturdily bound, it is capably edited by 
Humio Tsunoda, Department of Hygiene and Public Health, School of Medicine, 
lwate Medical University, Morioka, Japan, and Ming-Ho Yu, Huxley College 
of Environmental Studies. Western Wasthington University, Bellingham, 
Washington, USA. 

Fittingly, the book is dedicated to the  memory of the late Dr. Noriko 
Tsunoda, former Director of Neshi Matzuzono Clinic and wife of Professor 
Tsunoda. She "not only gave substantial financial assistance to the conference, 
but was also its hostess and organized all of the social programs." Her un- 
timely death occurred on July 18, about a month after the conference. 

Divided into four parts, the volume contains many excellent photographs, 
drawings and numerous tables, a key word as well as an author index. Part 
1. Analytical Methods for Fluoride (9 papers); Part 2. Environmental Fluoride 
Pollution (13 papers); Part 3. Biological Effects of Fluoride (I5 papers); Part 
4. Effects of Fluoride on Humans (12 papers). The approximately 200 partici- 
pants came from eleven countries and represented such diverse disciplines as 
biology, chemistry, dentistry, environmental science, medicine, pharmacology, 
toxicology, and veterinary science. Altogether, nearly 100 papers were pre- 
sented at the conference at either oral or poster sessions. 

Among the excellent papers on analytical methods. especially noteworthy 
are those on new developments in the determination of submicrogram quantities 
of fluoride (K. ltai and H. Tsunoda), spectrochemical analysis of F by aluminum 
monofluoride (K. Tsunoda et al.), and gas-chomatographic microanalysis of 
fluoride (Y. Zaima and S. Goto). 

In the section on environmental fluoride pollution, some of the  outstanding 
contributions are concerned with fluoride transport around industrial areas (F. 
Murray), Fluoride absorption and excretion from F-contaminated food (H. 
Tsunoda and N. Tsunoda), dental lesions in cattle and sheep caused by coal 
combustion (F. RietCorrea et at.), long-term retention of F in bones of former 
aluminum workers (C.A. Baud et at.), and symptomatology of fluoride-exposed 
workers (V.K. Desai et al.). 

In connection with biological effects of fluoride, valuable contributions 
covered a broad range of topics, e.g., changes in glucose and calcium metab- 
olism (Y. Suketa et al.), erythrocyte membrane abnormality (A.K. Susheela and 
SK. Jain), DNA and RNA synthesis (Y. Li and H. Ma), induction of protein 
in HeLa cells (T. Imai et at.), thyroid function in rats (M. Tsuchida et al.), 
and gastrointestinal absorption of fluoride (T. Sato et  al.). 

The final section, entitled "Effects of Fluoride on Humans," which unavoid- 
ably overlaps a number of papers in the other three areas, also deals with a 
remarkably wide range of important topics, namely ossifications and calcifica- 
tions of muscle and tendon insertions (J. Franke), topographical localization 
of fluoride in bone tissue (S. Bang and C.A. Baud), bone histomorphometry in 
endemic skeletal fluorosis (S.P.S. Teotia et al.), dental fluorosis in relation to 
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enamel development (T. Ishii and H. Nakagaki), fluoride clearance in the aging 
kidney (K. Kono et al.), fluoride excretion in human saliva (Y. Yoshida et al.), 
and comparison of t race  amounts of fluoride! in human hair (Y. Takagi et al.). 

Since fluoride is now being detected in increasing amounts in areas around 
many industrial operations throughout the world, the  publication of this impres- 
sive volume is a most valuable and welcome contribution to the scientific 
community. Few other  sources provide such convenient access to and detailed 
information concerning recent developments in such a wide array of areas of 
fluoride research. 

The book may be ordered from Elsevier Science Publishers, P.O. Box 211, 
lo00 AE Amsterdam, The Netherlands, or from P.O. Box 1663, Grand Central 
Station, New York, NY 10163. The price is U.S. $103.75/280.00 Dutch guilders. 
(U.S. prices a r e  subject to exchange rate  fluctuations.) 

ENW. 8 A.W.B. 
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Fluoride, the official journal of the International Society for 
Fluoride Research (ISFR) is published quarterly (January, April, Juty, 
October). Its scope is the publication of papers and reports on the 
biological, chemical, ecological, industrial, toxicological and clinical 
aspects of inorganic and organic fluoride compounds. Papers presented 
at the annual ISFR conference are published in Fluoride. Submission 
of a paper implies that i t  presents original investigations and relevant 
bio-medical observations. Review papers are also accepted. 

1. GeDeral - No precise limit is given on the length of the paper; 
it should be written concisely in English, submitted in two copies, 
doublespaced with generous margins. Measures are given in metric 
system (SI). 
2. Title - A concise but informative t i t le  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. lmroductiorr - 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. Motaialr; end Method, - should be condensed; however if the 
methodology is new or developed by the authork) it can be more 
detailed. 
6. Results - should contain the direct conclusions of the experi- 
mental work. 
7. Msarrdar - should deal with the general 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. AbIxeviaticnm or Acmnyms - must be defined either parentheti- 
cally or in a footnote when they first appear. 
9. Bibllogephlr - should be arranged according to the order in which 
the articles are cited in the text  (not alphabetically). An example 
follows: 

fiske, CH. and Subba Row, Y.: The Colorimetric Determina- 
tion of Phosphorus. J. Biol. Chem., 66:375-400, 1925. 

For books, the title, editor, publisher, location and year of publication, 
and pages should be given. 
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