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Editorial 

PLENARY LECTURES OF 13TH ISFR CONFERENCE 

Under the appropriate title "Fluoride Toxicity," the nine plenary ler- 
tures as well as highlights and discussion of the 13th Conference of the 
International Society for Fluoride Research, which convened November 
13-17, 1983, in New Delhi. India, have recently become available in a 
handsomely bound volume edited by Dr. A.K. Susheela, Associate Professor 
of Histocytochemistry, All India Institute o f  Medical Sciences, New Delhi. 
Delegates from 13 countries attended the conference, which included, for 
the first time, one from the People's Republic of China, Dr. Li Yumin, 
and two from Kenya, Mr. J.N. Gitonga and Dr. K.R. Nair. Participants from 
10 countries in addition to India presented papers. 

The plenary lectures, which dealt with numerous aspects of fluoride 
toxicity, were delivered by distinguished scientists representing re- 
search, with their coworkers, in many disciplines: Dr. Philippe Grandjean 
of Denmark discussed the "Long-Term Significance of Industrial Fluoride 
Exposure - A Study of Danish Cryolite Workers;" Prof. F.H. Tsunoda of 
Morioka, Japan, "Studies on the Effects of Environmental Fluoride on 
Goats;" Prof. A.W. Davison, Newcastle on Tyne, U.K., "The Dynamics of 
Fluoride Accumulation by Vegetation;" Mr. K.R. Bulusu of Nagpur, India, 
"Fluoride Removal from Potable Waters by Various Methods: Operating and 
Capital Cost Estimation." 

The following scientists completed the line-up: Prof. Gene h'. Miller 
of Utah, U.S.A., T h e  Effect of Fluoride on Membrane Properties and Oxida- 
tive Phosphorylation in Plant Mitochondria;" Dr. Graham Embery, Liverpool, 
U.K., "The Metabolism of Proteoglycans and Glycosaminoglycans in Dental 
Fluorosis;" Prof. C.A. Baud of Geneva, Switzerland, "Biophysical and Mor- 
phometric Study of Bone Tissue in Endemic Fluorosis;" T.N. Khoshoo of New 
Delhi, India, "Integrated Approach to Fluoride Pollution;" and Dr. A.K. 
Susheela, also of New Delhi, India, "Fluoride Toxicity -- A Molecular 
Approach. 

In her preface to the book, Dr. Susheela, the organizing secretary, 
pointed out that India, ''a third world country," is third largest in in- 
dustrial development, that endemic fluorosis was first reported from India 
in 1937, and that much of the early fluoride epidemiology was carried out 
in India. Radiological changes in cryolite workers led to Roholom's clas- 
sical work published in 1937. In 1960, Dr. Amarjit Singh, assisted by 
Prof. S.S. Jolly described skeletal fluorosis in the Punjab. 

Parenthetically, these events recall the late Dr. G.L. Waldbott's de- 
light when, at a pre-ISFR Conference held in Bern, Switzerland. organized 
by Prof. A. Gordonoff in collaboration with Dr. Waldbott, October 15-17, 
1962, the late revered Professor Amarjit Singh. Head of Jepartment of 
Medicine, University of Patiala, his country's foremost expert on fluor- 
osis, arrived. At this early conference papers were given by such out- 
standing scientists as Prof. N.P. Buu-Hoi of the National Research Center 
in Paris -- who had received his country's highest award in 1962, the 
Cross of the Legion of Honor, for outstanding research; two German scien- 
tists, Profs. W. Wohlbier and W. Oelschlager of Stuttgard-Hohenheim; 
Profs. E. Hupka and G. Rosenberger of the Hannover Veterinary School, Dr. 
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2 Editorial 

F. Spierings, Instituut voor Plantenziekten Kundig Onderzoek, Wangeningen, 
Holland; Dr. L. Gisiger of the Swiss Government Agricultural Station at 
Liebefeld; Prof. K .  Garber, Staats Institut fur Angewandte Botanik, Ham- 
burg, Germany; Prof. E. Uehlinger, Head of the Department of Pathology, 
University of Zurich; and Dr. Ch. Leimgruber of Bern, dental research 
scientist. The Proceedings of the Bern Conference were published by 
Schwabe and Co. , Basel/Stuttgart, 1964, entitled "The Toxicology of 
Fluorine. 'I 

The following are some of the highlights of the New Delhi Conference. 
Airborne fluoride from aluminum or  phosphate plants, brick kilns or pot- 
teries settles on vegetation which itself may be poisoned or it may ad- 
versely affect goats, cattle or buffalo which feed on the vegetation. How 
fluoride affects vegetation was reviewed by Davison. He showed the corre- 
lation in tea plants between aluminum and fluoride, and explained that 
Eurya japonica contains about 1,000 ppm fluoride. Dr. H.C.Sharma, Nagpur, 
India, suggested that fluoride, by removing magnesium from chlorophyll, 
interfered with photosynthesis and Miller, U.S.A.. showed that glucose-6- 
-phosphate dehydrogenase is greatly increased by fluoride. 

According to Prof. Amrit Tewari, of Chandigarh, India, at 1 . 1  ppm F- 
in water, 74 per cent of permanent teeth become mottled; at 2.0 ppm, 95.5 
per cent; incisors and molars are the teeth most adversely affected by 
fluoride. Above 1.1 ppm, according to Tewari, the percentage of children 
with caries increased; moreover, pitting caused by fluoride might allow 
plaque to accumulate and, eventually, the increased bacteria cause caries, 

In this connection Professor Hugh Sinclair, in "Highlights of the 13th 
ISFR Conference," designated the Lord Mayor of Copenhagen the most dis- 
Liriguished patient mentioned at the conlerence. Without giving details 
Sinclair indicated that he had been featured in Roholm's book for mottling 
at age 13, and that now he is edentulous. 

Dr. Susheela. who has been associated with the All-India Institute 
of Medical Sciences for 2 1  years and has been involved with fluoride re- 
search during the last 13 years, described in detail her studies on the 
morphological and biochemical differences between cortical and cancellous 
bone, the latter of which has three times as much glycosaminoglycans as 
the former. When fluoride is administered to rabbits, the concentration 
of fluoride in cancellous increases twice as much as in cortical bone. 

Fluoride causes the appearance of Dermatan sulphate in tendon, carti- 
lage and skin as well as in cancellous but not in cortical bone. It is 
not found in normal bone or teeth. I n  trabecular bone, Ruthenium Red used 
to stain glycosaminoglycans produces red patches that look like the chon- 
drocytes of cartilage. Dermatan sulphate is present in regions which fail 
to calcify. 

In rabbit serum, when the fluoride concentration rose 6 i  times, sialic 
acid decreased about and hydroxylysine one half: glycosaminoglycans, 
however, doubled. In man, results are similar. Therefore, the ratio of 
sialic acid to glycosaminoglycans falls by about one third in rabbits: 
in human fluorosis, from average normal of 6.47 to 2.73 (about 30 to 50 
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E d i t o r  i a  1 3 

p e r  c e n t ) .  Dr. S u s h e e l a  b e l i e v e s  t h a t  t h i s  r a t i o  c o u l d  c o n s t i t u t e  a n  i m -  
p o r t a n t  method o f  d i a g n o s i n g  f l u o r i d e  p o i s o n i n g .  

T h e  p u b l i c a t i o n  " F l u o r i d e  T o x i c i t y "  was d e d i c a t e d  t o  t h e  memory o f  
G e o r g e  L. W a l d b o t t ,  M.D. p i o n e e r  i n  r e s e a r c h  o n  a l l e r g y ,  i n t e r n a t i o n a l l y  
r e c o g n i z e d  s p e c i a l i s t  a n d  e m i n e n t  s c i e n t i s t ,  f o u n d e r  of T h e  S o c i e t y ,  who 
s e r v e d  a s  S e c r e t a r y  a n d  E d i t o r  o f  i t s  o f f i c i a l  j o u r n a l ,  Fluoride. f o r  f i f -  
t e e n  years u n t i l  h i s  d e a t h  i n  J u l y ,  1 9 8 2 .  His o r i g i n a l  c l i n i c a l  r e s e a r c h  
f i n d i n g s  o n  f l u o r i d e  a n d  p r e s k e l e t a l  f l u o r o s i s  -- c lass ics  i n  t h e  f i e l d  
of f l u o r i d e ,  r e c o r d e d  i n  more t h a n  80 p u b l i c a t i o n s  -- w i l l  u n d o u b t e d l y  
g u i d e  p r e s e n t  a n d  f u t u r e  g e n e r a t i o n s .  

The  book " F l u o r i d e  T o x i c i t y , "  w h i c h  c o n t a i n s  1 2 8  p a g e s ,  i s  a v a i l a b l e  
t h r o u g h  D r .  A.K.  S u s h e e l a ,  Dept .  of Anatomy,  All I n d i a  I n s t i t u t e  o f  Medi- 
ca l  S c i e n c e s ,  N e w  D e l h i - 1 1 0  0 2 9 ,  I n d i a .  T o  o b t a i n  a c o p y  of i t ,  s e n d  a 
b a n k  d r a f t  of $20  U.S., or 12 p o u n d s  s t e r l i n g ,  made o u t  t o :  O r g a n i z i n g  
S e c r e t a r y ,  1 3 t h  ISFR C o n f e r e n c e  A c c o u n t ,  S t a t e  Bank of I n d i a ,  A n s a r i  N a g a r  
B r a n c h ,  New Delhi-110 0 2 9 ,  I n d i a .  

The Proceedings of the 1983 International Symposium entitled "Fluorides, 
Effects on Vegetation, Animals and Humans" contains articles by over 
39 researchers. An excellent source of information for workers in the 
field, it can be purchased through Dr. J .L.  Shupe, Veterinary Science, 
Utah State University, Logan, Utah 84322 for $27.50. 

FLUORIDE is published quarterly by the INTERNATIONAL SOCIETY FOR FLUORIDE 
RESEARCH. INC. 
SUBSCRIPTION RATES - Price per annum in advance, including postage: $30.00. Single 
copies. $8.50. 

MANUSCRIPTS for publication should be submitted in English. doublespaced with 
generous margins. References should be arranged according to  the order in which they 
a re  cited in the  text, and written as  follows: Author, title, journal, volume, pages and 
year. Each paper must contain a summary ordinarily not exceeding 15 lines. Papers 
a re  accepted for publication a f t e r  favorable evaluation and recommendation by qualified 
reviewers.  
FLUORIDE is listed in: 
Current Contents/Agriculture, Biology 8 Enviromental Sciences 
COPIES of articles from t h i s  publication a r e  now available from the  UMI  Article Clear- 
inghouse. Mail request to University Microfilms International, 300 North Zeeb Road, 
Box 91. Ann Arbor, Michigan 48106 
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EVALUATION OF ENVIRONMENTAL CONTAMINATION BY A MINERAL 
FERTILIZER FACTORY ON THE BASIS OF THE CONTENT OF 

FLUORIDE I N  VEGETABLES 

by 

D. Samujlo, 2. Machoy* 
S z c r e c i n ,  Poland 

SUMMARY: To e v a l u a t e  envi ronmenta l  contaminat ion 
by i n d u s t r i a l  emiss ions ,  v e g e t a b l e s  were ana lyzed  
f o r  f l u o r i d e .  Moreover, t h e  f l u o r i d e  level i n  veg- 
e t a b l e s  w a s  r e l a t e d  t o  m e t e o r o l o g i c a l  and topograph- 
ical  c o n d i t i o n s .  

KEY WORDS: Environment; F l u o r i d e ;  Food 

I n t r o d u c t i o n  

The c o n t e n t  of f l u o r i d e  compounds i n  p l a n t s  w a s  i n t e n d e d  t o  provide  
t h e  b a s i s  f o r  e s t i m a t i n g  t h e  level of environmental  contaminat ion  by in-  
d u s t r i a l  emiss ions .  The f l u o r i d e  level  i n  common v e g e t a b l e s  is  i m p o r t a n t  
f o r  c a l c u l a t i n g  t h e  f l u o r i d e  b a l a n c e  i n  humans and animals t h a t  consume 
food-stuf f s of v e g e t a b l e  o r i g i n .  

The i n v e s t i g a t i o n s ,  commenced i n  1978, a n a l y z i n g  t h e  f l u o r i d e  con- 
t e n t  i n  v e g e t a b l e s  grown i n  areas exposed t o  i n d u s t r i a l  emiss ion  (l), 
w e r e  cont inued  dur ing  4 s u c c e s s i v e  y e a r s ,  up t o  1982. The r e s u l t s  of 
a n a l y s e s  are herewi th  presented .  

F i g u r e  1 

Preva lent  D i r e c t i o n  of Wind 

~ 

w+ 

5 

Premlcd direction 
d winds 

Material and Methods 

During t h e  years 1978-82, t h e  
F c o n t e n t  i n  v e g e t a b l e s  from t h r e e  
l o c a l i t i e s  ( P ,  J ,  T) 1-3 km d i s t a n t  
from a p l a n t  producing phosphoric  
f e r t i l i z e r s ,  as  w e l l  a s  t h a t  i n  veg- 
etables from c o n t r o l  areas 100 km 
d i s t a n t  from t h e  t h e  p l a n t ,  was de- 
termined.  Northwester ly  winds pre- 
v a i l  i n  t h e  l o c a l i t i e s  where t h e  
v e g e t a b l e s  used f o r  i n v e s t i g a t i o n  
were grown (Fig. 1 ) .  L o c a l i t y  P is  
n e a r e s t  t o  t h e  p l a n t ,  J is f a r t h e r  
away and T is f a r t h e s t .  

I n i t i a l  p r e p a r a t i o n  of  v e g e t a b l e s  designed f o r  f l u o r i d e  d e t e m i n a -  
t i o n  have been  d e s c r i b e d  earlier (1). Estab l i shment  of f l u o r i d e  i n  d is -  
t i l l a t e  w a s  performed -as f a r  as w a s  p e r m i t t e d - b y  r e a g e n t s  we possessed,  
a c c o r d i n g  t o  t h e  fo l lowing  methods: c o l o r i m e t r i c  ( 2 ,  3, 4 ) ,  t i t r imet r ic  
(5) and p o t e n t i o m e t r i c ,  u s i n g  a f l u o r i d e  i o n  measuring i n s t r u m e n t  from 
t h e  "Radelkis" ( 6 ) .  P r i o r  t o  a n a l y s i s  f o r  f l u o r i d e ,  t h e  m a t e r i a l  had 
been d r i e d  t o  a s o l i d  mass. 

Direct Correspondence t o  2. Machoy, Pomeranian Medical Academy, Depart- 
ment of  Biochemistry,  Szczec in ,  Poland 
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Environmental  Contaminat ion of Vegetab les  5 

Table  l a  

F- (ppm) i n  Underground Vegetab les  (Dry Weight) 

P l a c e  Year C a r r o t  P a r s l e y  P o t a t o e s  Beets 
Root 

1978 5.46 5.09 - - 
1979 6.56 6.57 - - 

P 1980 4.68 4.29 6.69 - 
1981 9.40 7.84 3.07 3.78 
1982 3.00 3.52 3.49 7.26 
1978 1.98 5.30 - - 
1979 3.13 4.67 - 

J 1980 3.71 4.92 7.62 - 
1981 5.34 7.45 6.10 2.94 
1982 5.99 9.19 4.01 5 .73  
1978 0.92 2.82 - - 
1979 2.27 4.47 - 

T 1980 2.15 3.46 6.10 - 
1981 2.61 7.18 3.04 1.27 
1982 2.84 5.43 4.55 3.10 
1978 2.16 2.06 - - 
1979 2.39 2.37 - 
1980 2.23 2.80 5 .13  - 
1981 4.86 3.97 3.99 4.22 
1982 4.34 3.26 5.21 4.17 

- 

- 

- 
C o n t r o l  

Table  l b  

f (ppm) i n  Aboveground Vegetab les  (Dry Weight) 

P l a c e  Year P a r s l e y  Cabbage Beet Leaves 
1978 14.94 - - 
1979 19.00 - - 

P 1980 13.18 9.97 - 
1981 20.80 6.74 8.88 
1982 32.96 9.72 17.83 
1978 12.84 - - 
1979 17.96 - - 

J 1980 10.85 9.42 - 
1981 14.70 11.13 13.59 
1982 32.66 10.37 15.05 
1978 10.37 - - 
1979 8.82 - 

T 1980 9.10 9.15 - 
1981 11.36 9.09 11.21 

- 

1982 22.81 7.37 12.89 
1978 10.28 - - 
1979 9.94 - - 

Con t r o  1 1980 7.01 4.04 - 
1981 9.52 6.08 6 .71  
1982 9.82 6 .01  8.26 

FLUORIDE 



6 Samujlo and Machoy 

Resul t s  

The r e s u l t s  obtained by means of t he  above methods were compared and 
repor ted  i n  another pub l i ca t ion  (7) ; and r e l a t i o n s  e s t ab l i shed  between 
them are presented  i n  Tables 1 and 2 ,  and i n  Figures 2 and 3. 

Table 1 records  the  F content  i n  vegetables throughout the e n t i r e  
per iod  of i n v e s t i g a t i o n  i n  l o c a l i t i e s  d i r e c t l y  exposed t o  i n d u s t r i a l  
emission and i n  the  c o n t r o l  a r ea .  The d iv i s ion  i n t o  groups according t o  
F conten t  i n  vege tab les  from a i r  po l lu t ed  and c o n t r o l  a r eas  is  shown i n  
Table 2.  Figure 2 i l l u s t r a t e s  t he  r e l a t i o n  between the  f l u o r i d e  content 
i n  pars ley  l eaves  from l o c a l i t y  "P" and the amount of r a i n f a l l .  Accord- 
i ng  t o  Fig. 3 the  mean quan t i ty  of f l u o r i d e  i n  ind iv idua l  vege tab les  is 
r e l a t e d  t o  the inc reas ing  d i s t ance  of c u l t i v a t e d  p l o t s  from the  source 
of contamination. 

Figure 2 
Relation between F Content in Parsley Leaves and Rainfall 

1978 

I 
1982 

1981 

1980 I 
1979 1 

n 
M I 
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Discussion 

According t o  d a t a  i n  Table 1, i n  t h e  major i ty  of areas t h e  f l u o r i d e  
conten t  i n  v e g e t a b l e s  grown i n  l o c a l i t i e s  exposed t o  i n d u s t r i a l  emission 
i s  h i g h e r  than  i n  v e g e t a b l e s  from t h e  c o n t r o l  a rea .  
i n  aboveground p a r t s  of vege tab les  i s  markedly h igher  than i n  t h e  r o o t s .  

During t h e  y e a r s  1981-82, t h e  F conten t  i n  a l l  aboveground p a r t s  of 
vege tab les ,  i .e. F i n  p a r s l e y  tops ,  cabbage, b e e t  l e a v e s  , o r i g i n a t i n g  from 
l o c a l i t i e s  exposed t o  i n d u s t r i a l  emission,was h igher  than i n  c o n t r o l  ar- 
eas. It should  be added t h a t  i n  t h e  y e a r s  1981-82, r a i n f a l l  was meager 
i n  those  areas. 

The f l u o r i d e  l e v e l  

I n  r o o t  v e g e t a b l e s  from l o c a l i t y  "T", southwest of t h e  Es tab l i sh-  
ment, t h e  f l u o r i d e  c o n t e n t  i n  c e r t a i n  cases w a s  lower o r  approached t h e  
l e v e l  of f l u o r i d e  i n  r o o t  vege tab les  from the  c o n t r o l  area, as expla ined  
l a t e r  on t h e  b a s i s  of a tmospheric  condi t ions .  The h igher  F conten t  i n  
aboveground p a r t s  of v e g e t a b l e s  compared t o  t h a t  i n  r o o t s  s u g g e s t s  t h a t  
f l u o r i d e  compounds i n  t h e  a i r  d i r e c t l y  i n f l u e n c e  the  f l u o r i d e  l e v e l  i n  
p l a n t s .  

FLUOR I DE 



8 Samuj lo  and Machoy 

T a b l e  2 

F l u o r i d e  (ppm) i n  S t u d i e d  V e g e t a b l e s  
From Endangered and C o n t r o l  Areas 

C o n t e n t  of F (ppm) 

1 9 7 8  - c, p r  P l  
P l a c e  Year <5 5 - 10 10-15 15-20 >20 - - - 1979 - c,  p r  P I  

- P l  
P 1 9 8 0  c ,  p r  c b ,  P P l  

1982  c ,  p r ,  p c b ,  b - b l  p l  
1978  c P r  P l  

P I  1979 c ,  p r  - 
J 1980 c,  p r  c b ,  P P I  

1 9 8 1  b c. p r ,  P PI, c h ,  b l  - 
1982 P c ,  p r ,  b cb b l  p l  

P I  1978  c ,  p r  - - - 
1 9 7 9  c ,  p r  P l  

T 1980 c ,  p r  P I .  c b ,  P 
1 9 8 1  c ,  p ,  b P r ,  c b  
1982 c ,  p ,  b p r ,  c b  b l  
1978  c ,  p r  P I  
1979 c ,  p r  P l  

1 9 8 1  c ,  p r ,  p ,  b PI, c b ,  PI - - - 

- 
- - 

1981 p ,  b c ,  p r ,  c b ,  b l  - 
- - 

- - 
- - - 

- - - 
- - - 
p l ,  b l  - - 

- p l  
- - - 

- - - 
Control 1980 c ,  p r ,  cb  P I ,  P - - - 

1982 c ,  p r ,  b p l ,  c b ,  p ,  p l  - - - 
c - car ro t ,  p r  - p a r s l e y  root ,  b l  - b e e t  l e a v e s ,  p l  - p a r s l e y  l e a v e s ,  
p - p o t a t o e s ,  b - b e e t  r o o t ,  c b  - cabbage 

R a r e l y  had  t h e  p e r m i s s i b l e  a t m o s p h e r i c  f l u o r i d e  c o n c e n t r a t i o n s  been 
e x c e e d e d  i n  t h e  s t u d i e d  areas (8).* Thus i t  may be  presumed t h a t  t h e  i n -  
c r e a s e d  c o n t e n t  of f l u o r i d e  i n  p l a n t s ,  in r e l a t i o n  t o  t h e  c o n t r o l  area,  
depends  n o t  o n l y  on t h e  amount o f  i n d u s t r i a l  e m i s s i o n ,  b u t  a l s o  on t h e  
l e n g t h  o f  t i m e  t h e  p l a n t s  are exposed  t o  v a r i a b l e ,  a l t h o u g h  i n f r e q u e n t l y  
s u r p a s s e d  p e r m i s s i b l e ,  a t m o s p h e r i c  F c o n c e n t r a t i o n  ( i n  Poland t h e  permis-  
s i b l e  a v e r a g e  c o n c e n t r a t i o n  o f  f l u o r i n e  compounds f o r  24-hours is  0 . 0 1  mg 
F/m3). 

I n  v e g e t a b l e s  which were s t u d i e d  t h e  f l u o r i d e  l e v e l  d i f f e r e d  from 
y e a r  t o  y e a r .  One c a u s e  o f  t h i s  v a r i a b i l i t y  may be a v a r y i n g  amount of  
i n d u s t r i a l  e m i s s i o n ;  a n o t h e r ,  the i n f l u e n c e  of m e t e o r o l o g i c a l  c o n d i t i o n s ,  
p a r t i c u l a r l y  r a i n f a l l .  Fo r  example ,  the l e v e l  of  f l u o r i d e  i n  l e a v e s  of 
p a r s l e y  grown i n  l o c a l i t y  "P" was i n f l u e n c e d  by r a i n f a l l .  During t h e  
c o u r s e  of t h e  e n t i r e  s t u d y  p e r i o d  t h e  q u a n t i t y  of r a i n f a l l  was d e c r e a s -  
i n g ,  w h e r e a s  t h e  f l u o r i d e  c o n t e n t  i n  p a r s l e y  t o p s ,  w i t h  one e x c e p t i o n  
( t h e  y e a r  1 9 8 0 ) ,  was i n c r e a s i n g  ( F i g .  2 ) .  

*In Po land  t h e  p e r m i s s i b l e  f l u o r i n e  c o n c e n t r a t i o n  i n  a i r  r e f e r s  t o  f l u o -  
r i d e  compounds s o l u b l e  i n  water. 
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,Environmental Contaminat ion of Vegetables  9 

These r e s u l t s  sugges t  t h a t  r a i n f a l l  c o n s t i t u t e s  a n a t u r a l  p r o t e c t i o n  
a g a i n s t  e x c e s s i v e  accumulat ion of f l u o r i d e  i n  p l a n t s ,  a f i n d i n g  c o n s i s -  
t e n t  w i t h  t h e  view expressed  by Waldbott (9)  t h a t  a b s o r p t i o n  of  F- from 
t h e  a i r  by p l a n t s  o c c u r s  d u r i n g  dry p e r i o d s ,  and is lowest a f t e r  r a i n -  
f a l l .  

Wind d i r e c t i o n  a l s o  i n f l u e n c e s  t h e  f l u o r i d e  c o n t e n t  i n  v e g e t a b l e s .  
Southwestern winds p r e v a i l  i n  t h e  s t u d i e d  reg ion  as r e f l e c t e d  i n  t h e  
f l u o r i d e  c o n t e n t  i n  l e a v e s  of v e g e t a b l e s  grown i n  l o c a l i t i e s  "J" and "P". 
However, i n  v e g e t a b l e s  from l o c a l i t y  "T", which i s  n o t  i n  t h e  main l i n e  
of wind d i r e c t i o n ,  t h e  least  amount of f l u o r i d e  i n  p a r s l e y  t o p s ,  b e e t  
l e a v e s  and cabbage w a s  found. 

The mean c o n t e n t  of f l u o r i d e  i n  i n v e s t i g a t e d  v e g e t a b l e s  d i s t i n c t l y  
p o i n t s  t o  t h e  r e l a t i o n  between F l e v e l  i n  aboveground p a r t s  and i n c r e a s -  
ing  d i s t a n c e  from t h e  source  of  envi ronmenta l  contaminat ion  (Fig. 3). 

On t h e  b a s i s  of  d a t a  o b t a i n e d  and compared w i t h  d a t a  from o t h e r  coun- 
tr ies,  t h e  e x t e n t  of envi ronmenta l  f l u o r i d e  contaminat ion ,  e m i t t e d  by a 
l a r g e  phosphoric  f e r t i l i z e r  f a c t o r y  i s  d e b a t a b l e .  During t h e  5 y e a r  long  
i n v e s t i g a t i o n ,  t h e  conten t  of f l u o r i d e  i n  v e g e t a b l e s  exceeded t h a t  i n  t h e  
c o n t r o l  a r e a  about  t h r e e f o l d  i n  9 c a s e s ,  and about  twofold i n  30. From 
Table 2 ,  t h e  f l u o r i d e  c o n t e n t  i n  v e g e t a b l e s  o r i g i n a t i n g  from t h e  c o n t r o l  
a r e a  l i e s  between 0-10 ppm w i t h  t h e  e x c e p t i o n  of p a r s l e y  t o p s  i n  1978. I n  
v e g e t a b l e s  grown i n  areas exposed t o  i n d u s t r i a l  emiss ion ,  t h e  most vu l -  
n e r a b l e  a r e  t h e  aboveground p a r t s ,  i . e .  p a r s l e y ,  cabbage and b e e t  l e a v e s .  
The underground Darts  of v e g e t a b l e s  are less contaminated o r  are  n o t  a f -  
f e c t e d  a t  a l l ,  as shown e x p e c i a l l y  i n  l o c a l i t y  "T". 

According t o  t h e  a n a l y s e s  which have been p r e s e n t e d ,  t h e  e x t e n t  of  
environmental  contaminat ion by i n d u s t r i a l  emission i s  n o t  g r e a t . *  Vari- 
ous k i n d s  of  technology a p p l i e d  by t h e  Es tab l i shment  i n  t h e  product ion  of  
minera l  f e r t i l i z e r s ,  and a l s o  c o n c u r r e n t  product ion  o f  o t h e r  chemical  a l -  
k a l i n e  compounds may be r e s p o n s i b l e .  Moreover, w e  are n o t  f a m i l i a r  w i t h  
the  e f f e c t  of  a b i g ,  n a t u r a l  water r e s e r v o i r ,  n o r t h e a s t  o f  t h e  E s t a b l i s h -  
ment, and i t s  i n f l u e n c e  on v a r y i n g  envi ronmenta l  c o n d i t i o n s  d u r i n g  t h e  
v a r i o u s  s e a s o n s  of t h e  y e a r .  

N e v e r t h e l e s s ,  r e g a r d i n g  t h e  a s p e c t  o f  human h e a l t h  t h e  most unfavor-  
a b l e  v a r i a n t  should  be  taken  i n t o  c o n s i d e r a t i o n .  I n  o t h e r  words, small 
s c a l e  contaminat ion of  v e g e t a b l e s ,  as food-s tuf f ,  is p r e s e n t ;  i t  may be- 
come more s e r i o u s  w i t h  f u r t h e r  a c t i v i t y  of  t h e  Es tab l i shment .  T h e r e f o r e ,  
a cont inuous  c o n t r o l  of t h e  f l u o r i d e  l e v e l  i n  t h e  a i r ,  water, s o i l  and 
food of p l a n t  o r i g i n  is i n d i s p e n s a b l e .  

*Environmental p o l l u t i o n ,  undergoing r a p i d  and unfavorable  changes ,  seems 
t o  cause  an i n c r e a s e  i n  t h e  q u a n t i t y  t h a t  i s  looked unon as t h e  "normal" 
l e v e l  of  f l u o r i d e  i n  p l a n t s .  According t o  The European Environmental  Com- 
miss ion  Report  "Acid Rain", Poland i n  1983 was c l a s s i f i e d  f i r s t  i n  Europe 
wi th  r e g a r d  to  a i r  p o l l u t i o n .  T h e r e f o r e ,  t h e  c o n t e n t  o f  f l u o r i d e  i n  p l m t s  
coming l r o m  uur  rcgioris may bc h i g h e r  than  is t h e  case i n  o t h e r  c o u n t r i e s .  

FLUORIDE 
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I n t r o d u c t i o n  

The p r e s e n t  s t u d i e s  have been c a r r i e d  out  a t  Korba ( S t a t e  of Madhya 
Pradesh, I n d i a )  where an aluminum p l a n t  of a p u b l i c  s e c t o r  under tak ing  i s  
loca ted .  The p l a n t  has  an annual capac i ty  of producing 200,000 tons  of 
alumina and 100,000 tons  of aluminum. The main raw materials consumed 
p e r  annum, i n  tons ,  are: bauxite-550,000; c a u s t i c  soda-2,000; f u e l  coa l -  
-4,000; lime-26,000; s tarch-200;  coal-160,000; c ryol i te -2 ,000;  aluminum 
f luoride-2,600;  sodium fluoride-600; petroleum coke-4,500; and soda ash- 
-500. The f l u o r i d e  i n  an aluminum p l a n t  o r i g i n a t e s  from t h e  huge use of 
f luor ide- loaded  r a w  materials such as ( c r y o l i t e  3 NaF.A1F3), aluminum 
f l u o r i d e  (AlF3) and sodium f l u o r i d e  (NaF). F luor ide  contaminat ion of 
b a u x i t e ,  t h e  ch ief  raw m a t e r i a l ,  a l s o  c o n t r i b u t e s  toward d i s p e r s a l  of 
f l u o r i d e  i n  t o  t h e  environment. 

As shown i n  Figure 1, t h e  r o u t e s  of d i s p e r s a l  of f l u o r i d e  from a l u -  
mina p l a n t  wastes a r e  mainly through t h e  fol lowing channels :  (1)  Fac tory  
waste water, which inc ludes  e f f l u e n t  from alumina and smelter p l a n t s  (2)  
Red mud (3) Vanadium sludge,  and (4) C r y o l i t e  mud. Q u a n t i t i e s  of wastes 
produced p e r  ton of aluminum are (1)  Factory waste water: from alumina 
plant-30 k i l o l i t e r s ;  from smelter plant-70 k i l o l i t e r s  (2) Red mud-0.13 
ton (3)  Vanadium sludge-0.002 ton  (4 )  C r y o l i t e  mud-0.02 ton .  

?laterial and Methods 

Sample Col lec t ion :  a )  E f f l u e n t s  - Four samples, each measuring 2.5 
l i ters ,  were c o l l e c t e d  from the  outf low stream of t h e  alumina p l a n t ,  us- 
i n g  t h e  p r e s c r i b e d  procedure (1) a l lowing 30 days between consecut ive  col-  
l e c t i o n s .  
flow stream of the  smelter p l a n t .  b) Red mud - Two samples, each weigh- 

Another set of 4 samples w a s  s i m i l a r l y  c o l l e c t e d  from t h e  out- 

Table 1* 
Fluoride Content of Effluents and Byproducts of Factory 

Description of Samples Sample 1 Sample 2 Sample 3 Sample 4 Mean 
1. Alumina Plant Effluent: 0.88 0.90 0.92 0.95 0.91 
2. Smelter Plant (ppn) Effluent: 3.20 3.50 3.10 3.70 3.33 
3. Red mud (ppm) 180 140 140 140 150 
4. Vanadium sludge (2) 12.0 17.0 14.0 9.2 13.05 
5. Cryoli te  mud ( X )  5.3 5.8 5.6 5.5 5.55 

i n g  1 kg, were scooped o u t  from each of t h e  two red  mud ponds, a f t e r  a 30 
day i n t e r n a l ,  fol lowing t h e  procedure p r e s c r i b e d  f o r  sampling l o c a l  prob- 
l e m  s p o t s  (2 ) .  c )  Vanadium sludge - Four samples, each weighing about  
500 g, w e r e  c o l l e c t e d  from t h e  s ludge yard of t h e  alumina p l a n t ,  each a f -  
ter  a 30 day i n t e r v a l ,  fol lowing t h e  p r e s c r i b e d  sampling procedure (2)  
f o r  red  mud. C r y o l i t e  mud - Four samples, each weighing 1 kg, were 
c o l l e c t e d  from the  c r y o l i t e  mud pond a f t e r  a l a p s e  of 30 days,  a l s o  f o l -  
lowing t h e  p r e s c r i b e d  sampling procedure (2) .  

d) 

The f luor ide  values i n  Table 1 may d i f f e r  from aluminum plants  i n  o ther  p a r t s  
of t h e  world due t o  differences in qua l i ty  of raw materials. manufacturing 
procedures, wastes u t i  1 ization. t h e i r  treatment and disposal. 

FL.UORIDE 
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Sample P r e p a r a t i o n :  The e f f l u e n t  s amples  were f i l t e r e d  u s i n g  What- 
man f i l t e r  1 4 0 ,  and t h e  f i l t r a t e s  were used  f o r  f l u o r i d e  measurements .  
Samples o f  r e d  mud, vanadium s l u d g e  and c r y o l i t e  mud, were f i rs t  a i r  
d r i e d ,  a f t e r  which they  were d r i e d  i n  a n  oven  a t  100°C f o r  3 h o u r s .  An 
a c c u r a t e l y  weighed q u a n t i t y  (0.1 to 1.0 g, depend ing  on t h e  f l u o r i d e  con- 
t e n t )  o f  mud samples  was mixed w i t h  anhydrous  sodium c a r b o n a t e  (5 g )  and  
z i n c  o x i d e  ( 1  g) i n  a p l a t i n u m  c r u c i b l e  (20  m l ) ,  c o v e r e d  w i t h  l i d  and  
h e a t e d  in a m u f f l e  f u r n a c e  a t  900OC f o r  30 minu tes  ( 3 . 4 ) .  A f t e r  c o o l i n g ,  
t h e  c r u c i b l e  and c o n t e n t s  were m a i n t a i n e d  a t  a h i g h  t e m p e r a t u r e  w i t h  de- 
i o n i z e d  water in a b e a k e r  f o r  3 h o u r s .  The c r u c i b l e  and t h e  l i d  were 
washed and removed. The c o n t e n t  was f i l t e r e d  (Whatman #40)  a t  room t e m -  
p e r a t u r e  i n t o  a v o l u m e t r i c  f l a s k  (250 m l ) ,  and r e p e a t e d l y  washed w i t h  
0.1% NA2CO3 s o l u t i o n .  The f i l t r a t e  w a s  t r e a t e d  w i t h  5 m l  HC1(6N), t h e  
f l a s k  was s h a k e n  t o  e x p e l  a l l  C02, a f t e r  which t h e  s o l u t i o n  w a s  b r o u g h t  
up t o  t h e  mark w i t h  d e i o n i z e d  water. A b l a n k  s o l u t i o n  c o n t a i n i n g  a l l  
t h e  above-mentioned r e a g e n t s  i n  t h e  ratios d e s c r i b e d ,  and w i t h o u t  a n y  
f l u o r i d e  b e a r i n g  s u b s t a n c e  w a s  a lso p r e o a r e d .  

A p p a r a t u s :  A f l u o r i d e  I o n - S e l e c t i v e  E l e c t r o d e  Measur ing  System 
(Or ion  Model 409)  was used .  

P r o c e d u r e :  Ten-ml a l i q u o t s  o f  t h e  two s t a n d a r d  f l u o r i d e  s o l u t i o n s  
of 2 ppm and  4 ppm, and t h e  same a l i q u o t s  o f  sample s o l u t i o n s  o f  e f f l u -  
e n t s ,  r e d  mud, vanadium s l u d g e  and t h e  b l a n k  s o l u t i o n  were s e p a r a t e l y  p i -  
p e t t e d  i n t o  100 m l  p o l y e t h y l e n e  b e a k e r s  and e a c h  w a s  mixed w i t h  10 m l  so- 
dium c i t r a t e - p o t a s s i u m  n i t r a t e  (0.2m) TISAB s o l u t i o n .  The i o n - s e l e c t i v e  
f l u o r i d e  e l e c t r o d e  (Or ion  Model 409)  was c a l i b r a t e d  (5)  u s i n g  2 ppm F a n d  
4 ppm F s o l u t i o n .  The e l e c t r o d e s  were t h e n  p l a c e d  i n  t h e  sample  s o l u t i o n  
w i t h  t h e  knob i n  t h e  measu r ing  p o s i t i o n  o f  0 .1  - 1 0  ppm, a n d  t h e  f l u o r i d e  
c o n c e n t r a t i o n  i n  ppm ( l o w e r  scale  o f  r e a d i n g )  was r e c o r d e d .  I f  p o i n t e r  
showed ove r - r ange ,  t h e  sample  s o l u t i o n  was d i l u t e d  w i t h  t h e  b l a n k ,  and  
t h e  c o n c e n t r a t i o n s  were measured f o l l o w i n g  t h e  same p r o c e d u r e .  A du ra -  
t i o n  of  10 m i n u t e s  was a l l o w e d  i n  e a c h  case f o r  t h e  i o n - e l e c t r o d e  t o  re- 
main i n  c o n t a c t  w i t h  t h e  f l u o r i d e  i o n s  t o  e n s u r e  a s t e a d y  e q u i l i b r i u m .  
The f l u o r i d e  c o n c e n t r a t i o n s  i n  t h e  twe lve  mud/sludge s a m p l e s  and i n  t h e  
e i g h t  s a m p l e s  o f  e f f l u e n t  were d e t e r m i n e d  by  t h i s  method ( T a b l e  1). 

Res u l  ts 

The f l u o r i d e  c o n t a m i n a t i o n  o f  t h e  e f f l u e n t s  d i s c h a r g e d  from t h e  a l u -  
mina and t h e  smelter p l a n t s  v a r i e d  o n l y  m a r g i n a l l y  d u r i n g  t h e  four-month 
p e r i o d  of  t h e  s t u d y .  The mean f l u o r i d e  c o n t a m i n a t i o n  o f  t h e  a l u m i n a  
p l a n t  e f f l u e n t ,  s l i g h t l y  lower  t h a n  1 ppm, r e p r e s e n t s  m a i n l y  t h e  sweep o f  
s o l u b l e  f l u o r i d e  from b a u x i t e  o r e  wh ich ,  i n  t h i s  case, c o n t a i n s  a round  
240 ppm f l u o r i d e .  The f l u o r i d e  c o n t a m i n a t i o n  o f  t h e  smelter p l a n t  e f f l u -  
e n t  (mean v a l u e  3 .33  ppm) is a b o u t  3 t i m e s  t h a t  o f  e f f l u e n t  from t h e  a l u -  
mina p l a n t  (mean v a l u e  0 .91  ppm). The a d d i t i o n a l  f a c t o r  i n v o l v e d  i n  t h e  
f l u o r i d e  c o n t r i b u t i o n  h e r e  is c r y o l i t e  (AlF3.3NaF) which i s  used  i n  a l u -  
minum s m e l t i n g .  

The mean f l u o r i d e  c o n t a m i n a t i o n  o f  r e d  mud (150 ppm) r e p r e s e n t s  main- 
l y  t h e  i n s o l u b l e  p o r t i o n  o f  CluorLde i m p u r i t i e s  f rom b a u x i t e  o r e ,  a b o u t  
13X of  which i s  c o n t a i n e d  i n  vanadium s l u d g e .  The  l a t t e r  is I i eav i ly  l o a d -  
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ed  wi th  f l u o r i d e .  During t h e  f o u r  month s t u d y  per iod  i t s  f l u o r i d e  c o n t e n t  
v a r i e d  from 9.3% t o  17.0%. This  s l u d g e  i s  a product  of e v a p o r a t i o n  of t h e  
s p e n t  l i q u o r  a f t e r  s e p a r a t i o n  of t h e  alumina;  p r o g r e s s i v e  i n c r e a s e  i n  t h e  
c o n c e n t r a t i o n  of  s o l u b l e  f l u o r i d e  i s  t h e  r e s u l t .  

The mean f l u o r i d e  c o n t e n t  i n  c r y o l i t e  mud (5.55%) i s  q u i t e  s i g n i f i -  
c a n t .  T h i s  mud r e p r e s e n t s  t h e  waste matter r e j e c t e d  by t h e  aluminum 
s m e l t e r  where c r y o l i t e ,  t h e  f luor ide-bear ing  m i n e r a l ,  i s  used as a f l u x .  

Discussion 

Regarding t h e  hazard a s p e c t ,  t h e  f l u o r i d e  c o n t e n t  i n  t h e  alumina 
p l a n t  e f f l u e n t  which is below 1 ppm, i s  w i t h i n  t h e  l i m i t ,  p r e s c r i b e d  i n  
I n d i a  f o r  i n d u s t r i a l  waste water d i s c h a r g e s  (6) .  On t h e  o t h e r  hand, t h e  
f l u o r i d e  l e v e l  of t h e  smelter p l a n t  e f f l u e n t  which narrowly exceeds t h e  
p e r m i s s i b l e  l i m i t  of 2 ppm r e q u i r e s  lowering.  Red mud waste, which con- 
t a i n s  about  150 ppm i n s o l u b l e  f l u o r i d e  should  n o t  a r o u s e  s e r i o u s  concern 
as long  as t h e  f l u o r i d e  is  confined t o  r e d  mud pond boundar ies .  Should 
a d j o i n i n g  areas be  used f o r  v e g e t a t i o n  o r  a g r i c u l t u r e ,  p o s s i b l e  m i g r a t i o n  
of f l u o r i d e  t o  s o i l s  through seepage would n e c e s s i t a t e  i n v e s t i g a t i o n .  

Vanadium s l u d g e ,  t h e  c h i e f  f l u o r i d e  d i s p e r s i n g  channel ,  about  2 kg 
of which i s  formed p e r  t o n  of  aluminum produced,  i s  cont inuous ly  removed 
from t h e  alumina p l a n t  s i t e  t o  d i s t a n t  areas where i t  i s  used f o r  manu- 
f a c t u r e  of ferrovanadium a l l o y .  Thus, t h e  f l u o r i d e  of t h i s  s l u d g e  i s  m i -  
g r a t o r y  i n  n a t u r e ,  and t h e  zone of f l u o r i d e  hazard  s h i f t s  from t h e  a lu-  
mina p l a n t - s i t e  t o  t h a t  of t h e  ferrovanadium p l a n t .  

C r y o l i t e  mud, which is  d ischarged  a t  t h e  rate of about  20 kg p e r  t o n  
of aluminum produced, is p r o g r e s s i v e l y  d e p o s i t e d  i n  t h e  form of mud. Due 
t o  i t s  f l u o r i d e  conten t  (mean 5.55%) i t  is the most p o t e n t i a l  channel  f o r  
d i s p e r s a l  of f l u o r i d e .  
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WIND-BLOWN DUST FROM SALTY AREAS, A SOURCE OF FLUORIDE IN PLANTS 

by 

R.S. Lavado, and N.B. Reinaudi 
Buenos Aires, Argent ina 

SUMMARY: As a s o u r c e  of T i n  p l a n t s ,  i n  a d d i t i o n  
t o  t h a t  absorbed by r o o t s ,  wind-blown d u s t  c a r r y i n g  
f l u o r i d e  Sal ts  w a s  s t u d i e d .  The salts  and I o r i g -  
i n a t e d  by c a p i l l a r y  rise from groundwaters. The F- 
c o n t e n t  i n  sa l t  e f f l o r e s c e n c e s  ranges  from 31  t o  284 
mglkg and t h e  F- i n  p l a n t s  growing i n  d i f f e r e n t  
s o i l s  ranged from 10 t o  30 mg/kg. The F' r e t a i n e d  
e x t e r n a l l y  i n  leaves and s t e m s  ranged from 1 t o  30 
mglkg. I n  one case more F- w a s  r e t a i n e d  o u t s i d e  t h e  
p l a n t s  t h a n  i n  t i s s u e s .  The r a i n  IT c o n t e n t  w a s  
s imi l a r  t o  t h a t  found i n  o t h e r  areas of t h e  world.  
I n  a d d i t i o n  t o  t h e  n a t u r a l  F- c o n t e n t  of  s o i l s  and 
consequent  r o o t  a b s o r p t i o n ,  a i r b o r n e  f luoride-con-  
t a i n i n g  d u s t  i n c r e a s e s  F c o n c e n t r a t i o n  i n  p l a n t s .  

KEY WORDS: Airborne d u s t ;  F l u o r i d e  i n  p l a n t s ;  S a l i n e  s o i l s ;  S o i l  f luo-  
r i d e .  

I n t r o d u c t i o n  

I n  t h e  northwest  of Buenos Aires province of Argent ina ,  m o l l i s o l s  i n  
a s s o c i a t i o n  w i t h  e n t i s o l s  and a l f i s o l s  are t h e  predominant . s o i l s .  S a l i n e  
phases ,  o r i g i n a t i n g  from c a p i l l a r y  rise from s a l t y  and sha l low groundwa- 
t e r ,  a r e  s p r e a d  i n  t h e  lower landscape p o s i t i o n  (I). These groundwaters ,  
r i c h  i n  F-, produce E- enr ichment  i n  s a l t - a f f e c t e d  so i l s  ( 2 ,  3 ) .  I n  some 
p l a c e s ,  where t h e  s a l t  c o n c e n t r a t i o n  i s  very  h igh  a t  t h e  s u r f a c e ,  t h e  
s o i l s  are covered by e f f l o r e s c e n c e s .  Moreover, small s a l t y  ponds, usu- 
a l l y  dry i n  s u m e r ,  form sa l t  f i e l d s .  P l a n t s  may be h igh  i n  f l u o r i d e  
independent ly  of the  s o i l  F c o n t e n t  ( 3 ) .  P l a n t  F- c o n c e n t r a t i o n s  were 
h igh  i n  comparison w i t h  o t h e r  publ i shed  d a t a ;  some h igh  enough t o  be 
harmful  t o  p l a n t s  and even t o  animals  ( 4  - 7 ) .  Because of t h e s e  high 
v a l u e s ,  a s e a r c h  was i n i t i a t e d  t o  d i s c o v e r  t h e  sources  of p l a n t  F- en- 
r ichment  a p a r t  from r o o t  up take .  

I n  d r y  and windy weather ,  d u s t  suspens ions  common i n  t h e  a i r  i n c l u d e  
c r y s t a l s  from sal t  pans and s a l t y  s o i l  s u r f a c e s .  The s o l u b l e  p a r t  of 
d u s t  p a r t i c l e s  i n  t h e  atmosphers ,  which i n c l u d e s  F-, d i s s o l v e s  i n  ra in-  
w a t e r  or  dew on-vegetat ion.  Such d u s t ,  a f t e r  e n t e r i n g  p l a n t s ,  could be 
an a d d i t i o n a l  F source  f o r  v e g e t a t i o n  and c r o p s .  Airborne_ d u s t ,  f a r  
d i s t a n t  from i t s  p lace  of o r i g i n ,  can t h e r e f o r e  i n c r e a s e  F concent ra t ion  
i n  p l a n t s  where s o i l s  are low i n  F . Airborne d u s t s  have been s t u d i e d  a s  
a source  of  s a l t s  i n  s o i l s  (8) o r  from a pedogenet ica l  p o i n t  02 view ( 9 ) .  
I n  a d d i t i o n ,  t h i s  r e s u l t  could  be cons idered  a n a t u r a l  p l a n t  F enr ich-  
ment p r o c e s s  p a r a l l e l  t o  t h a t  i n  i n d u s t r i a l l y  contaminated a r e a s  ( 6 ,  1 0 ) .  

From Prosag  (Conicet-Facul tad de Agronomia) Avenida San Mar t in  4453-1417, 
Buenos Aires,  Argent ina.  
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This  p r e s e n t  work w a s  c a r r i e d  out  t o  s t u d y  such  an h y p o t h e s i s .  

M a t e r i a l s  and Methods 

S a l t  e f f l o r e s c e n c e s :  Ten samples r e p l i c a t e d  10 times w e r e  t a k e n  i n  
t h e  s p r i n g  of 1983 from d i f f e r e n t  sa l t  f i e l d s  i n  C.  Tejedor  county ,  lo- 
c a t e d  i n  t h e  nor thwes t  of Buenos Aires province .  Samples 1, 2 and 3 w e r e  
t aken  i n  t h e  morning, noon and a f t e r n o o n  t o  s tudy  t h e  i n f l u e n c e  of  dew 
d e p o s i t i o n  on i t s  chemical composi t ion,  t h e  remaining samples i n  t h e  a f -  
ternoon.  

P l a n t  samples: Ten samples r e p l i c a t e d  t e n  times, of p l a n t  material 
taken from C. Tejedor  county cover  f o u r  d i f f e r e n t  s i t u a t i o n s  i n  r e l a t i o n  
t o  s a l i n i t y .  

Rainwater samples were obta ined  from a m e t e o r o l o g i c a l  f a c i l i t y  n e a r  
Husares town, t h e  onkj  source  a v a i l a b l e  i n  C. Tejedor  county ,  f a r  from 
human s e t t l e m e n t s ,  a few km d i s t a n t  from sa l t  f i e l d s .  A t  t h e  same t i m e ,  
t o  compare t h e  F c o n t e n t ,  ra inwater  w a s  sampled i n  t h e  humid p a r t  of t h e  
Pampean p r a i r i e  w i t h  no s a l t  pan areas. A l l  r a i n  samples were c o l l e c t e d  
i n  a c i d  washed p l a s t i c  b o t t l e s  throughout  t h e  s p r i n g  of 1983. The mete- 
o r o l o g i c a l  f a c i l i t y  w a s  A. Korn town, s o u t h  of Buenos Aires c i t y ,  350 km 
w e s t  from Husares town. 

Analys is :  The chemical composition of  t h e  s a l t  e f f l o r e s c e n c e  w a s  
C a ,  Mg. Na and K by atomic a d s o r p t i o n  spectropho-  analyzed as-fol lows:  

tometry;  C 1  v o l u m e t r i c a l l y  wi th  AgN03; COf and HC03. vo lumetr ica l ly-wi th  
H 2 S O 4 ;  SOZ, g r a v i m e t r i c a l l y ;  KO?, c o l o r i m e t r i c a l l y .  Water s o l u b l e  F was 
a l s o  determined.  

D i s t i n c t i o n  w a s  made betveen water d i s s o l v e d  *'external F-*I (11) 
namely t h a t  i n  crystals and d u s t  which had s e t t l e d  on l e a v e s ,  stems, and 
o t h e r  p l a n t  s u r f a c e s  and " i n t e r n a l  F-'I i n  p l a n t s  namely t h a t  from diges-  
t i o n  and d i s t i l l a t i o n  of previous leached  material (12)-which i s  
i n  o r g a n i c  s t r u c t u r e s  i n  p l a n t  t i s s u e s .  
by t i t r i m e t r y ,  u s i n g  thorium n i t r a t e  (12). Prev ious  t o  a n a l y s i s ,  r a i n -  
water  samples were concent ra ted .  

bound 
I n  a l l  cases F w a s  determined 

Table 1 
F- Content in  Efflorescences 

(mg/kg) 
S . m p l c -  F 

1 259.2 
2 204.1 
3 195.8  
I 284.4 
5 212.3 
6 177.0 
7 1 0 5 . 1  
8 9 1 . 1  
9 162 .O 

10 31.6 

Table 2 
F- Content i n  Plants  (nq/kg) 

Place of  Sample Species  Internal  External 
F- r- 

Non s a l t - a f f e c t e d  Sorghum sudsnensis 
s o i l s  ares v i c i a  cat iva  

E r q r o s t i s  curvula 
Near s a l t - a f f e c t e d  Trifolium repens 
s o i l s  area Brows unio lo ider  

Sal ine  soils ARropyron elonga tun 

S a l t y  f i e l d s  Glycerin m l t i f l o r a  

Eucalyptus s p .  

D l s t i c h l i s  spicatn 
Saltcornis  ..bigus 

17 .0  1 . 7  
1 0 . 0  1 . 3  
15.0 l . L  

25 .L  8 . 4  
23.8 6 . 9  

24 .9  7 . 0  
30.3 2 . 7  

2 4 . 1  3 0 . 1  
16.5 8 . 3  
26.3 4 . 1  
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16 Lavado and Reinaudi 

F igure  1 
Chemical ComDosition of  Ef f lorescences  

0 
C O ( C O ~ H ) ~  
K CL 

e 

R e s u l t s  and Discussion 

The chemical  composition of  t h e  e f f l o r e s c e n c e s ,  c o n s i d e r i n g  t h e  most 
probable  chemical  s p e c i e s  i n  t h e  c r y s t a l s ,  i s  shown i n  F ig .  1. The most 
impor tan t  sa l t  was Na2S04 more than  80% of which w a s  c o n t a i n e d  i n  s i x  
samples ,  3 conta ined  60 t o  80% and t h e  t e n t h  almost  50%. N a C l  w a s  t h e  
second m o s t  impor tan t  one. From 80 t o  95% of t h e  chemical  s p e c i e s  are 
N a C l  and Na2S04. The remaining c o n s i s t  of  a mixture  of 9 o t h e r  salts .  
The chemical  composi t ion was similar t o  those  found i n  e f f l o r e s c e n c e s  i n  
s a l t - p a n s  of o t h e r  p a r t s  of t h e  world (13 - 15) ;  some d i f f e r e n c e s  were 
found i n  s a l t  composi t ion dur ing  t h e  day. The range i n  F c o n c e n t r a t i o n  
(Table-1) w a s  a lmost  10 times between extremes. It is  n o t  known whethe? 
some F c o n t e n t  scale i n  e f f l o r e s c e n c e s  e x i s t s ;  i n  some samples ,  t h e  F 
c o n t e n t  may be h i g h  b u t  no r e l a t i o n s h i p  w a s  found between F and o t h e r  
chemical  s p e c i e s  c o n c e n t r a t i o n s .  

F- in p l a n t  t i s s u e s  ( i n t e r n a l )  and F- on t h e  o u t s i d e  of  p l a n t s  (ex- 
t e r n a l )  (Table 2)  showed a p a r a l l e l  p a t t e r n .  Values i n  t h e  t h r e e  samples 
from p l a n t s  growing i n  areas w i t h  no s a l t y  s o i l s  w e r e  least  s t a t i s t i c a l l y  
s i g n i f i c a n t .  All o t h e r s ,  wi th  t h e  fol lowing e x c e p t i o n s ,  were s i g n i f i c a n t -  
l y  high w i t h  no d i f f e r n c e s  between them: a )  A sample from s a l t y  f i e l d s ,  
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Wind-blown D u s t  17 

t h e  i n t e r n a l  F- conten t  of which w a s  e q u a l  t o  t h a t  i n  samples from non- 
- s a l t y  s o i l s  due poss ib ly  t o  d i f f e r e n c e s  i n  p l a n t  s p e c i e s  (16) ,  i n  envi-  
romental c h a r a c t e r i s t i c s  (11, 16) or i n  s o i l  F conten t  accord ing  t o  sa- 
l i n i t y  and a l k a l i n i t y  (3) .  Externa l  F , h i g h  i n  one p l a n t  growing i n  
s a l t y  f i e l d s ,  w a s  n o t  only s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o t h e r s  
w a s  h i g h e r  than  the  i n t e r n a l  F . b u t  

The high va lues  of "external"  (dust-Lome) F- on p l a n t s  growing n e a r  
o r  i n  s a l t y  areas show t h a t  p a r t i c u l a t e  F 
and depos i ted  on i t s  l e a v e s .  The magnitude of f o l i a r  F a b s o r p t i o n  de- 
pends on climatic events  ( f o r  i n s t a n c e ,  r a i n f a l l  i n t e n s i t y ) ,  p l a n t  char- 
ac te r i s t ics  (e.g. l e a f  shape) b u t  f o l i a r  absorp tzon  could b e  t h e  reason 
for high  F v a l u e s  i n  p l a n t  t i s s u e s .  R a i n f a l l  F c o n c e n t r a t i o n ,  t h e  same 
i n  both sites, averaged 0.3 mg/l, somewhat h i g h e r  than  i n  o t h e r  
(17) .  S a l t s  may t r a v e l  long  d i s t a n c e s  b e f o r e  b e i n g  d e p o s i t e d  on s u r f a c e s  
through r a i n w a t e r  (15, 18). 

i s  i n t e r c e p t e d  by v e g e t a t i o n  

p l a c e s  

Conclusion 

The F- c o n c e n t r a t i o n  i n  sa l t  e f f l o r e s c e n c e s  and t h e  p r o p o r t i o n  of 
i n t e r n a l  and external F on p l a n t s  suppor t  t h e  i n i t i a l  h y p o t h e s i s  t h a t  
wind-borne t r a n s p o r t a t i o n  of s o i l  salt  c r y s t a l s  and d e p o s i t i o n  of F- com- 
pounds on v e g e t a t i o n ,  may e x p l a l n  F reg ion .  
However, t h e s e  d a t a  show t h a t  F t r a n s p o r t  i s  mainly l o c a l ,  and t h a t  r a i n -  
f a l l  p l a y s  an  i n s i g n i f i c a n t  r o l e  i n  r e l a t i o n  t o  s o l i d  d e p o s i t i o n .  
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LIGHT MICROSCOPIC AND SCANNING ELECTRON MICROSCOPIC OBSERVATIONS 
ON HUMAN FETAL BONES FROM AN ENDEMIC FLUOROSIS AREA 

by 

2. Chongwan, H. Daijei,' 2. Tingzhong, W. Cundong 
Guizhou, China 

SUMMARY: I n  a n  endemic f l u o r o s i s  area of Guizhou, 
China, f i v e  human f e t u s e s  were d e l i v e r e d  d u r i n g  t h e  
e i g h t h  month of i n t r a u t e r i n e  l i f e  by means of ar t i -  
f i c i a l  a b o r t i o n .  B o n e  samples of humerus and femur 
were s t u d i e d  under l i g h t  and scanning e l e c t r o n  m i -  
croscope.  New bone formation was more active i n  
f e t u s e s  from t h e  endemic area than  i n  t h o s e  from a 
non-endemic area. In t h e  former, c a l c i f i c a t i o n  w a s  
inadequate  and development of ep iphysea l  chondro- 
c y t e s  w a s  abnormal. The h i g h e r  l e v e l  of f l u o r i d e  
i o n  i n  bone samples from t h e  endemic area w a s  as- 
c r i b e d  t o  f l u o r i d e  i o n  d e p a s i t e d  i n  f e t a l  bones v i a  
p l a c e n t a l  c i r c u l a t i o n .  

KEY WORDS: H i s t o l o g i c a l  changes; S k e l e t a l  f l u o r o s i s  i n  human f e t u s e s ;  
T r a n s f e r  o f  f l u o r i d e  v i a  p lacenta .  

* From Guiyang Medical Col lege ,  Department of Radiology, Guizhou, Peoples  
Republic of C h i n a  
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Observat ions on Human F e t a l  Bones 19 

I n t r o d u c t i o n  

Numerous r e p o r t s  i n  t h e  l i t e r a t u r e  i n d i c a t e  t h a t  f l u o r i d e  i o n  is 
t r a n s f e r r e d  from maternal blood via t h e  p l a c e n t a  i n t o  t h e  f e t u s .  I n  re- 
c e n t  y e a r s ,  many a u t h o r s  have s i g n i f i e d  t h a t  s k e l e t a l  f l u o r o s i s  might  be- 
g i n  d u r i n g  t h e  f e t a l  p e r i o d  (1,  2 ) .  Various f luor ide- induced  e f f e c t s  on 
f e t a l  organs,which have been r e p o r t e d  ( 3 ) ,  i n d i c a t e  t h a t  t h e  p l a c e n t a  can 
be p e n e t r a t e d  by t h e  f l u o r i d e  ion.  The a u t h o r s  s t u d i e d  t h e  f l u o r i d e - i n -  
duced changes i n  f e t a l  bones. 

Material and Methods 

Five human f e t u s e s ,  two males and t h r e e  females ,  i n  a n  endemic f l u o -  
r o s i s  area i n  Guizhou, China, w e r e  d e l i v e r e d  dur ing  t h e i r  e i g h t h  month of 
g e s t a t i o n  by means of a r t i f i c i a l  a b o r t i o n .  
were revea led  on g r o s s  examinat ion of  t h e  f e t u s e s .  T h e i r  mothers ,  t h e  
f i v e  puerperae ,  aged 2 8 ,  3 6 ,  38, 40 and 46 r e s p e c t i v e l y ,  who had been re- 
s i d i n g  i n  t h e  endemic area s i n c e  b i r t h ,  had mot t led  enamel, o r  d e n t a l  
f l u o r o s i s .  
For comparison, bone samples of f i v e  male f e t u s e s  from a non-endemic a r e a ,  
d e l i v e r e d  d u r i n g  t h e i r  e i g h t h  month of g e s t a t i o n ,  w e r e  a lso s t u d i e d .  

No c o n g e n i t a l  mal format ions  

The f e t a l  humeri and femora w e r e  e x c i s e d  f o r  f u r t h e r  s t u d y .  

Chemical Study: The bone samples ,  e x c i s e d  from t h e  r i g h t  f e t a l  fem- 
o r a ,  were ashed and assayed f o r  f l u o r i d e  c o n t e n t  by t h e  s p e c i f i c  f l u o r i d e  
method. To avoid  b i a s ,  t h e  o r i g i n  of  t h e  samples w a s  unknown t o  t h e  lab-  
o r a t o r y  t e c h n i c i a n .  The r e s u l t s  are shown i n  Table  1. S t a t i s t i c a l l y ,  
t h e  f l u o r i d e  levels  i n  t h e  r i g h t  f e t a l  femora i n  t h e  endemic area were 
s i g n i f i c a n t l y  h i g h e r  than  i n  c o n t r o l s  f r o m  t h e  non-endemic area (0.02 < 
P(0.05). 

Table 1 
F- (ppm) i n  Right F e t a l  Femora (Dry Weight) 

Area Cases Mean Standard Standard 
Deviat ion E r r o r  

Endemic 5' 17.02 5.25 2.35 
Nonendemic 5 9.46 3.49 1.56 

Light  Microscopic  Observat ions:  A f t e r  f i x i n g  i n  10% formaldehyde, 
t h e  samples were d e c a l c i f i e d  i n  5 %  n i t r i c  a c i d ,  embedded in p a r a f f i n ,  
s l i c e d  i n t o  7 micrometer th ickness  and s t a i n e d  w i t h  hematoxyl in  and eo- 
s i n  o r  w i t h  Mallory 's  t r ichrome.  

The samples from t h e  non-endemic area showed a smooth c o r t i c a l  s u r -  
f a c e  e n c i r c l e d  w i t h  per iosteum. 
e s p e c i a l l y  i n  t h e  s h a f t  area. Cells i n  v a r i o u s  zones of e p i p h y s e a l  car -  
t i l a g e  (zone o f  germinal  cells ,  zone of p r o l i f e r a t i o n ,  zone of  m a t u r a t i o n ,  
zone of p r o v i s i o n a l  c a l c i f i c a t i o n )  appeared normal. Chondrocytes i n  
zones of  p r o l i f e r a t i o n  and m a t u r a t i o n , r e g u l a r l y  l i n e d  i n  p a r a l l e l  rows 
(Fig. 1) , e n l a r g e d  g r a d u a l l y  toward t h e  zone of p r o v i s i o n a l  c a l c i f i c a -  
t i o n .  J u s t  benea th  t h e  zone of p r o v i s i o n a l  c a l c i f i c a t i o n ,  most t rabec-  

S u b p e r i o s t e a l  o s t e o b l a s t s  w e r e  abundant ,  
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u l a e  were arranged p a r a l l e l  t o  t he  longi tudina l  ax i s  of t he  bone, a few 
were arranged t ransverse ly .  Between t rabeculae ,  hemopoietic t i s s u e  w a s  
d i s t r i b u t e d  evenly. On t he  su r face  of the  t rabeculae ,  numerous osteo- 
b l a s t s  and o s t e o c l a s t s  w e r e  noted. 

I n  samples from the  endemic area, chondrocytes i n  t h e  ep iphysea l  
c a r t i l a g e  were arranged i r r e g u l a r l y .  I n  some slices, chondrocytes were 
arranged i n  c l u s t e r s  i n s t ead  of p a r a l l e l  rows (Fig. 2). Beneath the  zone 
of p rov i s iona l  c a l c i f i c a t i o n ,  many t rabeculae  were poorly c a l c i f i e d .  I n  
t h e i r  mat r ix ,  much chondroi t in  s u l f a t e  s t a i n e d  i n  b lue  co lo r  w a s  
(Fig.  3). Between the  t rabeculae ,  hemopoietic t i s s u e  w a s  d i s t r i b u t e d  un- 
evenly. I n  t h e  cor tex ,  many Haversian cana ls  were f i l l e d  wi th  osteo- 
b l a s t s  and f ib rous  t i s s u e  (Fig. 41, a change more prominent i n  t h e  humer- 
us than i n  t h e  femur. I n  two cases, subpe r ios t ea l  new bone formation re- 
s u l t e d  i n  a l a y e r  of woven bone on the  su r face  of d iaphys is  o r  metaphys- 
is (Fig. 5 ) .  

noted 

Scanning Electron Microscopic Observations: Af t e r  f i x i n g  i n  10% 
formaldehyde, t he  samples were immersed i n  5% sodium hypochlor i te  f o r  
four  hours t o  e l imina te  organic components. Subsequently they were 
r in sed  i n  d i s t i l l e d  water,  dehydrated i n  acetone of i nc reas ing  concentra- 
t i o n s ,  coated wi th  gold,  and s tudied  with an ASM-SX scanning e l e c t r o n  m i -  
croscope which operated a t  25 k i l o v o l t s  with 80 seconds time of photog- 
raphy. 

The long i tud ina l  s e c t i o n  of the  f e t a l  epiphysis from t h e  endemic 
a r e a  w a s  charac te r ized  by i r r e g u l a r l y  patched chondrocyte lacunae (Fig. 
6).  On t h e  su r face  of metaphyseal trabeculae.  samples of t he  non-endem- 
i c  con t ro l  showed well-mineralized smooth sur face ;  t h e i r  t rabeculae  re- 
t a ined  r egu la r ,  c y l i n d r i c a l  shape (Fig. 7) .  I n  c o n t r a s t ,  t h e  su r face  of 
t h e  metaphyseal t rabeculae  from the  endemic a rea  showed patchy smooth 
areas intermingled with uneven, rough a reas  which suggested the  presence 
of chondroi t in  s u l f a t e  and inadequate c a l c i f i c a t i o n  (Fig. 8, 9 ) .  In  
the  endemic area samples, the  diaphyseal endos tea l  su r f ace  w a s  rough, un- 
even and g ranu la r ,  i nd ica t ive  of inadequate c a l c i f i c a t i o n ;  prominent re- 
so rp t ion  depressions of Howship's lacunae were noted, which were sharp ly  
demarcated and subdivided by r idges  i n t o  compartments (Fig. 10 ) .  I n  con- 
t ras t ,  the  diaphyseal endos tea l  su r f ace  of t he  non-endemic c o n t r o l  w a s  
not as rough. The p e r i o s t e a l  sur face  from f e t a l  con t ro l s  w a s  dominated 
by a wave-like plane i n  which mul t ip le  os teocyte  lacunae were s c a t t e r e d  
(Fig.  11). The wave-like cha rac t e r  w a s  a t t r i b u t e d  t o  t h e  underlying pat- 
t e r n  of o rde r ly  arranged, f u l l y  c a l c i f i e d  collagen f i b e r  bundles,  and the  
os teocyte  lacunae found the re  w e r e  of r e l a t i v e l y  uniform s i z e  and depth 
(Fig. 12) .  Areas of woven bone, charac te r ized  by an increased  number of 
os teocyte  lacunae 
su r face  i n  samples from the  endemic area. but  not i n  samples from the  
non-endemic a rea  (Fig. 13).  

of uneven s i z e  and depth, were noted on t h e  p e r i o s t e a l  

Discussion 

Many f e t u s e s  from the  endemic a rea  d i f f e r e d  from non-endemic a r e a  
f e tuses  both under l i g h t  microscope and scanning e l e c t r o n  microscope. In  
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f e t u s e s  f rom t h e  endemic a r e a , a c t i v e  new bone formation r e s u l t e d  i n  new- 
ly-formed, p o o r l y  c a l c i f i e d  woven bone s u b - p e r i o s t e a l l y .  Newly formed 
bone t i s s u e ,  also found i n  Haversian c a n a l s  and on t h e  e n d o s t e a l  s u r f a c e  
of t r a b e c u l a e ,  w a s  not as prominent as t h a t  on t h e  c o r t i c a l  s u r f a c e .  Ac- 
cord ing  t o  scanning  e l e c t r o n  microscopy, c a l c i f i c a t i o n  i n  some areas of 
t h e  e n d o s t e a l  s u r f a c e  was inadequate .  Abnormali t ies  of  choudrocytes  i n  
e p i p h y s e a l  c a r t i l a g e  were a l s o  n o t e d ,  I n  view of t h e  h i g h e r  f l u o r i d e  
l e v e l s  i n  bones from t h e  endemic area,  i t  is reasonable  t o  a s c r i b e  t h e  
morphological  changes t o  d e p o s i t i o n  of  f l u o r i d e  i o n  i n  f e t a l  bones. 

Conclusion 

I n  t h e  endemic area i n  Guizhou, China,  s k e l e t a l  f l u o r o s i s  begins  
dur ing  t h e  f e t a l  per iod .  
l o g i c a l  changes,  i t  does cause  a series of  h i s t o l o g i c a l  changes.  

Whereas i t  does n o t  p r e s e n t  c l i n i c a l  o r  radio-  
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IMPROVED METHODS FOR DETERMINATION OF FLUORIDE IN BIOLOGICAL MATERIALS 

by 

K .  S e i f e r t ,  B. Dominok and G.W. Dominok 
C o t t b u s ,  GDR 

SUMMARY: A modified method is repor ted  €or f l u o r i d e  
d e t e r m i n a t i o n  i n  s o f t  tissues without  a s h i n g .  
Measurements were a l s o  made on t h e  € l u o r i d e  c o n t e n t  
i n  u r i n e  OF persons  wi th  and without  Eluor ide  e x -  
posure  a s  w e l l  a s  i n  p a t i e n t s  w i t h  r e n a l  disease 
by means of a flow i n j e c t i o n  aiialvsis system. 

K E Y  WORDS: F- a n a l y s i s ;  S o f t  t i s sue  F-; Urinary f l u o r i d e .  

I n  t roduc t ion 

The l i t e ra ture  on F l u o r i d e  c o n t e n t  i n  c a r t i l a g e  and a o r t i c  tissue i n  
a d u l t s  and newborns is s p a r s e .  The few r e p o r t s  which have been p u b l i s h e d  
f a i l  t o  d e s c r i b e  t h e  chemical  a n a l y s i s  employed. T h e r e f o r e ,  t h e  f l u o r i d e  
c o n t e n t  of c a r t i l a g e  t i s sue  from v a r i o u s  l o c a l i t i e s  a s  w e l l  a s  a o r t i c  

Fran Ins t i t u t e  OF Hygiene and bthology, Cottbus, GlR. 

Volume 19, No. 1 
January ,  1986 



Improved Method for Determination of Fluoride 23 

tissue in adults and newborns was determined with a fluoride ion-selective 
electrode (ISE). Furthermore because, in our country, many workers are 
exposed t o  fluoride in industry, including glass making factories, the 
excretion level of fluoride must be determined on a large number of work- 
-ers. Hence a simple, fast method to determine fluoride exposure was devel- 
oped. Moreover, because in our country, the fluoride content of bone, car- 
tilage, and aortic tissue from newborns has not been recorded, 12 such 
analyses were made. 

Material and Methods 

Cartilage and aortic tissues were first ashed; the fluoride content 
in ash was determined as in bone ash. Since the method employed for 
fluoride determination in aorta and cartilage presented a number of prob- 
lems, among which are the low content of inorganic material, differing 
water content in soft tissues, and the handling of low amounts of ash, 
we adapted a known method (1) for separation of fluoride from soft tissues 
which made it possible to analyze the fluoride from soft tissues without 
ashing. Fresh tissue was dissolved in sulfuric acid in a closed glass 
apparatus which consists of 100 ml flask with Claisen head-piece, 50 ml 
droping funnel, condenser and two gas bubblers, 50 ml with fritted glass 
filter. Silicone rubber tube connected the condenser with the bubbler; 
50 ml water, 2 drops of hexamethyldisiloxane and the sample (1-2 g of car- 
tilage or aortic tissue) are added to the flask. Fash bubbler is filled 
with 25 ml 0.1 N NaOH. By means of the dropping funnel, 40 ml of sulfuric 
acid is cautiously added to the sample. The following reactions take 
place : 

1 

2 

3 

H+ (CH3),-Si-0-Si-(CH3>, + H20 -> 2 (CH ) -Si-OH 

(CH3)3-Si-OH + F- + H+ 
(CH3)3-Si-F + OH- 

3 3  
-> (CH ) -Si-F + H20 3 3  

3 3  -> (CH ) -%-OH + F- 

From hexamethyldisiloxane in acidic solution, threemethylsilanol, which 
results, in turn reacts with fluoride in acidic solution forming three- 
methylfluorsilane 2. The threemethylfluorsilane, b.p. 16.4"C comes to the 
bubbler by means of a nitrogen carrier gas stream (50 ml/min). In the bub- 
bler in alkaline solution, reaction 3 takes place. In order to remove the 
threemethylsilanol, the absorption solution from the bubbler must be ex- 
tracted with about 20 ml of toluene before measurement in acidic solution 
can be carried out. a necessary operation to avoid the start of reaction 
2. 

Measurement was carried out in about 0.45 N perchloric acid solution 
by means of a LaF -fluoride sensitive electrode and a pH-glass electrode 
as a reference. To 50 ml solution extracted with toluene, 2 ml perchlor- 
ic acid concentration are added. During measurement the solution is stir- 
red with a plastic-coated stirring bar. More detailed information regard- 
ing measurement of fluoride in acidic solution has been published else- 
where (2). 

3 

For fluoride determination in urine, a flow-injection system was con- 
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structed (Fig. 1). the main constituents of which were two fluoride ISE, 
a pH-amplifier, a strip-chart recorder and the injection port for sample 
injection. The carrier solution was 0.5 M perchloric acid with 0.001% 
Triton X 100 t o  reduce surface tension. With this arrangement, the fluor- 
ide content of about 60 samples per hour could be analyzed manually. Auto- 
matically, however, up to 200 samples per hour (Fig. 2) could be analyzed. 

Table 2 Table 1 - 
F- Content of Adult Bone (ppm ashed) F- Content o f  Adult Cartilage (ppn ashed) 

bone w a n  male female 
localization n - 6 1  n s  # 9 cartilage 

localization C-n.... 

knee joint 14 663.9 660.5 

- 36 n = 25 
61 931.9 970.0 747.6 I C...", 

672. trochanter 
76 433.1 465.8 335.0 iliac crest 61 805.8 856.3 703.6 3rd rib 

7th rib 15 $03.0 505.9 495.0 ~~~t~l~~dr 61 958.0 970.5 927.3 

Tables 3 and 4 show the fluoride content of soft tissues found using 
the non-ashing method calculated at fresh weight. For urinary fluoride 
investigations, screened groups were divided under the following cate- 
gories (Fig. 3): 1) Persons, without .atmospheric fluoride exposure, who 
were drinking water containing 1 ppm F (co-workers from our institute), 

2 )  Urological patients drinking 1 ppm fluoridated water (exposure to F 
in air unknown, but possible), 3) Dialysis patients from our district 
hospital drinking 1 ppm fluoridated water, 4) Persons exposed to atmos- 
pheric fl_uoride in glass factories whose drinking water contained 0.1 - 
0.2 ppm F , 5) Persons exposed to atmospheric fiuoride in aluminum plants 
whose drinking water contained 0.1 - 0.2 ppm F , 6) Persons exposed to 
atmospheric fluoride in a factory producing fluoride compounds. 

To determine the daily rise in urinary fluoride, urine of Group 6 was 
analyzed before and after work. Because creatinine content is one of the 
main parameters indicating kidney disfunction, we desired to learn whether 
fluoride and creatinine were related. For our regression line, a correla- 
tion coefficient r = 0.54 was found, which implies a possible correlation 
between these two parameters. An extremely low urinary fluoride level 
might indicate kidney disfunction. 

Analysis of fluoride in cartilage tissue of the knee joint, 3rd and 
5th rib from deceased adults, average age 65.5 years, (Table 1). revealed 
the following averages: in cartilage of knee joint, 663.9 ppm F-; of 3rd 
rib, 433.1 ppm; of 7th rib, 503.0 ppm F- related to ashed samples. No 
statistically significant differences were observed between sexes. 

Table 2 shows the results of fluoride analysis of bone tissue from 
deceased persons, average age 63.7 years, carried out by the same method 
of chemical analysis. In bone samples from the trochanter femora, the 
iliac crest, and the 3rd lumbar vertebra, mean-fluoride ranged from 958.0 
ppm F- in the lumbar vertebra to 805.8 ppm F in the iliac crest. Mean 
values of bone tissue in female subjects were always lower than in males. 

Mean F- value (Table 3) for cartilage of the knee joint was 14.4 pEm 
(fresh weight); of tie 3rd rib: 27.7 ppm and of the 7th rib: 21.9 ppm F . 
In aortic tissues I: averaged 4.1 ppm. Whereas arteriosclerotic altera- 
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Table 3 Table 4 
F- Content of Adult Cartilage and Aorta 

(ppm fresh weight) 
F- Content of Infant Bone, Cartilage. Aorta 

(ppm ashed bondfresh weight cartilage. aorta) 

d P tissue 8 D 
localization mean n - 6  n - 6  

tissue 
localization man 

12 227.2 273.1 187.8 

29 21.9 24.5 ,7.5 iliac crest 12 187.0 177.0 198.6 

knee joint 29 14.4 16.9 11.5 femur 
3rd rib 29 27.7 31.0 25.7 trochanter 
7th rib 

aorta 16 4.1 3'2 4'6 vertebra 
3rd lumbar 12 132.8 120.3 145.3 

knee joint 12 2.0 1.6 2.3 
3rd rib 12 7.7 5.6 9.0 
7th rib 12 5.3 5.8 4.8 
aorta 12 4.9 5.8 4.0 

tions were seen in the aortic wall of the 16 deceased persons, arterio- 
sclerotic calcifications were not found. In newborns, the mean fluoride 
content ranged from 227.2 ppm in trochanter femora, to 132.8 ppm in the 
3rd lumbar vertebra (Table 4). in cartilage and aortic fresh tissues, mean 
levels were less than 10 ppm F . The fluoride content of bone, cartilage 
and aortic tissues of newborns is surprisingly high compared with adult 
bone tissue. 

Conclusion 

Our first results with the flow injection analysis (FIA) for fluor- 
ide determination in urine have been presented here. By our adapted 
method, the aorta and cartilage fluoride content can now be determined 
quickly and easily. Additional details on fluoride determination by means 
of flow-injection-analysis will appear in the near future in an analytical 
chemistry journal (3). 
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FLUORIDE IN BLOOD AND URINE IN HUMANS ADMINISTERED FLUORIDE 
AND E X W S E D  TO FLUORIDE-POLLUTED AIR 

by 

K. Jacyszyn.* and A. Marut 
Wroclaw, Poland 

SUMMARY: Distribution of fluoride in human blood 
and urine was determined spectrophotometrically by 
using color complex of zircronium-eriochromcyanine 
lake. In healthy controls, the total mean fluoride 
concentration in blood serum was 11.2 umol; the 
daily urinary fluoride, 1.83 mg. According to the 
present method, the fluoride concentration connected 
with serum protein was 10.15 vmol/l; nonprotein 
fluoride, 1.05 mol/l. Fluoride increased in blood 
serum and in urine of workers professionally exposed 
to it, 16.69 vmol/l and 3.574 mg respectively. The 
mean fluoride concentration in erythrocytes of con- 
trols is about 6 times higher (59.97 umol/l) than 
that in blood serum (11.2 Umol/l). 

KEY WORDS: Fluoride in human blood, urine, erythrocytes; in normal and 
exposed humans. 

Introduction 

Elementary fluorine demonstrates the greatest reactivity among ele- 
ments ( 1 ) .  In the atmosphere, fluorine is generally in the form of hydro- 
gen fluoride or fluosilicate which originates in the process of superphos- 
phate production and aluminum metallurgy. Fluoride as well as hydrogen 
fluoride have suffocative properties; they burn mucous membranes of mouth, 
lungs, eyes and nose. 

Sodium fluoride poisoning in man causes bloody vomiting, severe 
stomach ache, convulsions, shock, heart insufficiency and anuria ( 2 - 4 ) .  
During the production of superphosphate from apatites in Poland, 5000 tons 
of fluoride are emitted into the atmosphere annually (5 ) .  Exposure of 
humans, animals and plants to elevated fluoride doses increases daily, 
especially in large industrial centers (6). Fluoride in the human organism 
causes non-specific enzymatic changes, stimulating phosphohexoseismoerase 
and alkaline phosphatase activity ( 1 ,  7-8). The increased fluoride dose 
adversely affects the thyroid gland and contributes to reduction of iodine 
(9). Increased fluoride in an organism may disturb the carbohydrate meta- 
bolism because of glycolytic enzyme inhibition (1) .  Divergent results of 
fluorine content labelings in the healthy organism and primarily in blood 
serum interfere with proper evaluation of the degree of exposure to fluor- 
ide and its compounds. 

Department of Toxicology, Academy of Medicine Wroclaw, Analytical Lab- 
oratory of Balneotherapeutical Center, Jelenia Gora - Cieplice, Poland 
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Fluoride in Blood and Urine in Humans 27 

A detailed knowledge of fluoride pharmacokinetics is necessary to 
adequately understand its pharmacologic and toxicologic effect (10). For 
this reason, experiments considering the pool of fluoride in blood and 
the dynamics of its changes as a burden to the organism seems appropriate. 

Material and Methods 

Blood and urine: In order to determine fluoride in particular human 
blood elements, it was introduced into 2 test tubes - one heparinless tube 
and the other heparinized. After about 2 hours, the blood was centrifuged 
to separate serum or plasma from blood corpuscles. The resultant serum 
was designated nonprotein fluoride, total fluoride and fluoride connected 
with albumins, globulins and gamma-gobulin. Blood serum bearing hemolysis 
traces was eliminated, For determining their fluoride content, erythro- 
cytes were not washed. Capillary blood was taken from finger tips with 
calibrated 0.2 ml micropipette. For determining daily 24-hr. urinary 
fluoride, urine was collected in plastic containers and kept in a cool 
place during collection. All urine was mixed and its volume measured; 
about 10 ml of urine was kept for examination in corked test tubes. 

Method for Fluoride Determination 

Fluoride obtained from blood serum and urine through distillation was 
determined spectrophotometrically by using color complex of zirconium and 
eriochromcyanine R (Zr -ER). Color complex was formed as the result of 
the combination of multivalent zirconium cation and organic indicator - 
eriochromcyanine R has red coloring which, under the influence of fluoride 
ion, changes into orange and yellow (11). The concentration of fluoride 
connected with serum proteins and ionized fluoride was also determined. 
Total protein was received in the course of the proteining of blood serum. 
2 ml of 2M perchloric acid were introduced into a centrifuge tube after 
which 1 ml serum was added and the contents of the test tube thoroughly 
mixed with a glass rod. Left to stand for 5 minutes, it was centrifuged 
for 10 minutes at SO00 rpm. 

Supernatant liquid was collected with a Pasteur pipette to the dis- 
tillation bulb and ionized fluoride concentration was determined. The re- 
maining protein sediment was used for determining fluoride connected with 
this protein. 

Experiments were carried out on 35 healthy adults aged 20-30, 30-40, 
and 40-50. Because the subgroups did not differ significantly, total mean 
fluoride concentration in serum 11.2 k0.82 Umol/l was accepted. 

Results 

Mean daily urinary fluoride in controls was 1.83 mg/24 h k0.48. This 
excretion, although low in comparison to other elements contained in 
urine, proves that man today is consuming excess fluoride from a normal 
diet ('hble 1).  

On the basis of these determinations, Table 2 shows the results of 
fluoride concentration in blood serum as well as daily urinary excretion 
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in workers employed for a prolonged period at a phosphate fertilizer fac- 
tory in Wroclaw (Table 2 ) .  

Table 1 
Mean Total F in Blood Serum 
in Healthy Adults (umol/l) 

and Daily Urinary Excretion (mg/24 hr) 
Mean Total F and Standard Mean Daily Urinary Fluoride 
Deviation (SD)  in Blood (mg/day) and Standard 
Serum umol/l in 35 cases Deviation (SO) in 28 cases 

11.2 t0.82 1.83 t o .  48 
M SD M SO 

Table 2 
Total F in Blood Serum and 

Daily Urinary Excretion in 13 Workers 
Mean Daily Urinary F- 

Excretion mg/day 

16.28 f4.1 3.514 22.16 

k a n  Total F- 
umol/l in Blood Serum 

M so M so 

Table 3 
Mean Concentration o f  Protetn and Non-Protein f 

in Blood Serum of 26 SubJeCtS 

___. 

k a n  Values in umol/l 
F- Protein F- Non-protein 

Cases SO M SO 
26 10.15 tO.82 1.05 t0.03 

Mean urinary fluoride, 
3.57 mg/day in this group, 
is higher than that in indivi- 
duals not exposed to fluorine 
comporrntls (1.83 k0.48 rng/(lay). 
Fluoride concentration in 
blood serum of workers pro- 
fessionally exposed to it, 
namely 16.28 umol/l, was also 
significantly higher than in 
those not proressional ly ex- 
posed, 11.2 umol/l (t = 7.78). 

The next step was to de- 
termine the different fluoride 
forms which may contribute 
to the total content of this 
element in blood serum. The 
concentration of serum protein 
and nonprotein fluoride was 
determined according to the 
method explained in the intro- 
duction. Twenty-six people 
(both sexes) participated in 
these experiments (Table 3 ) .  

Mean nonprotein fluoride in 26 examimed cases amounted to 1.05 umol/l 
with i0.03 deviation. All results fall into the concentration range be- 
tween 1.0 and 1.1 umol/l. Many scientists assume that the fluoride concen- 
tration (1.05 umol/l), determined by means of the fluoride electrode, is 
the total fluoride concentration in blood serum. However, it is difficult 
to establish the level of fluoride in human blood without knowing its con- 
centration in erythrocytes (Table 4 ) .  

Table 5 
Increase o f  F- in Human Blood Serum 
1; hrs after Administering 5 mg F- 

- Table 4 

Erythrocytes in 8 Control Adults (uniol/l) Mean F- Concentration 
Number F in Blood F in cases I n  Blood Serum wnOl/l 

of cases Serum Erythrocytes Before After 

Mean F- Level in Blood Serum and 

8 10.1 59.97 21 9.03 10.46 1.43 

In experiments carried out on patients taking a cure in the watering 
place, Cieplice Zdroj, 4 liter of mineral water containing 10 mg/l fluor- 
ide (Marysienka), o r  5 mg of fluoride was introduced into the organism. 
A number of experiments have established that maximum increase of fluoride 
concentration in serum occurs ninety minutes after an oral dose of f luo r -  
ide (Fig. 1). 
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F l u o r i d e  i n  B l o o d  a n d  U r i n e  i n  Humans 2 9  

F i g u r e  1 

I n c r e a s e  o f  F i n  human blood s e r u m  (umol/l) a f t e r  t h e  oral  a d m i n i s t r a t i o n  
o f  5 mg F. 

A t  t h i s  time, i .e. o n e  a n d  o n e - h a l f  h o u r s  a f t e r  a d m i n i s t e r i n g  f l u o r -  
i d e ,  t h e  c o n c e n t r a t i o n  o f  t h i s  e l e m e n t  i n  b l o o d  s e r u m  a n d  u r i n e  was d e t e r -  
m i n e d  i n  t h e  g r o u p  o f  21 p e o p l e ;  t h e  f l u o r i d e  c o n c e n t r a t i o n  i n  b l o o d  s e r u m  
h a d  i n c r e a s e d ;  t h e  lower i t s  i n i t i a l  c o n c e n t r a t i o n ,  t h e  greater t h e  i n -  
crease ( T a b l e  5).  

T h i s  18% i n c r e a s e  i n  f l u o r i d e  c o n c e n t r a t i o n  i n  s e r u m  was a c c o m p a n i e d  
by a r e l a t i v e l y  small i n c r e a s e  i n  u r i n a r y  f l u o r i d e .  P r io r  t o  a d m i n i s t r a -  
t i o n ,  mean f l u o r i d e  e x c r e t i o n  was 2.53 mg/24 h r ;  a f t e r w a r d s  i t  was 2.75 
m g / 2 4  h r .  

R e g a r d i n g  a n a l y s i s  o f  u r i n a r y  f l u o r i d e  i n  i n d i v i d u a l  cases,  i n  g e n -  
e r a l ,  a h i g h  increase i n  f l u o r i d e  c o n c e n t r a t i o n  i n  b l o o d  s e r u m  was assoc i -  
a t e d  w i t h  min imum u n i n a r y  e x c r e t i o n :  i n  t h r e e  cases,  u r i n a r y  f l u o r i d e  d e -  
c r e a s e d .  I n  a group o f  8 p e o p l e ,  f l u o r i d e  c o n c e n t r a t i o n  i n  b l o o d  s e r u m  
i n c r e a s e d  3.15 umol/l ( T a b l e  6 ) .  

Table 6 
The Increase o f  F- i n  Blood Serum and Erythrocytes,  

90 Min. a f t e r  5 mg F- Administered O r a l l y  

Mean F- Concentrat ion (umnol/l) 
Number Blood Serum Ery throcyte  

of  cases before a f t e r  be fore  a f t e r  

e 10.13 13.28 60.09 120.79 

On t h e  b a s i s  of r e s u l t s ,  w e  c o n c l u d e  t h a t  f l u o r i d e  is b o u n d  i n  b l o o d  
by m e a n s  of e r y t h r o c y t e s  w h e r e  t h e  f l u o r i d e  c o n c e n t r a t i o n  is d o u b l e d .  

D i s c u s s i o n  

For e v a l u a t i o n  of t h e  c h a n g e s  w h i c h  t a k e  place u n d e r  t h e  i n f l u e n c e  
o f  a d m j n i s t r a t i o n  of f l u o r i d e  a n d  e x p o s u r e  t o  i t  i n  i n d u s t r y ,  t h e  r e s u l t s  
m u s t  b e  c o m p a r e d  t o  L h e  f l u o r i d e  c o n c e n t r a t i o n  i n  b l o o d  s e r u m  a n d  d a i l y  
u r i n e  of a control  group of h e a l t h y  a d u l t s .  
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The fluoride level 11.2 umol/l, in blood serum, has not been estab- 
lished as far as investigations of its contents in biological liquids in 
the human organism are concerned. A Polish scientist ( 3 )  on the hasis of 
Anglo-Saxon literature, presents the approximate value of fluoride concen- 
tration in blood as 18-76 Umol/l. On the other hand, Nielsen et al. (12) 
gave 10 A3 Umol/l concentration of serum fluoride. Fry and Taves (13), 
analyzing serum fluoride by using the fluoride electrode, present a very 
low value of ionized form, namely 1 umol/l. In fluoride balance studies, 
1 mg F was retained per day when fluoride intake averaged 4.3 mg/day (14). 

Production technology for superphosphate from phosphorites and 
apatites still exposes humans and their surroundings to fluoride com- 
pounds. Tn 77% of examined healthy workers from a superphosphate factory, 
the fluoride Concentration in blood serum was higher than 11.2 tO.82 
umol/l (the level anticipated in healthy humans). In spite of high varia- 
tion ( s  = 2.15) of urinary fluoride, the essential difference of daily 
urinary excretion of this element in these workers was confirmed at 3.574 
mg/24 hr. compared to 1.83 20.48 mg/24 hr. in the control group. In 397 
healthy persons, normal urinary fluoride ranged between 0.61 - 2.00 mgF/1 
(15). 

The determined fluoride content in controls of 11.2 Umol/l is connect- 
ed with blood serum proteins and free form of fluoride, called by some 
scientists ionized or non-protein (12, 16). The sum of concentrations of 
these two forms of fluoride in blood serum in healthy adults does not 
differ from the normal value (11.2 umol/l) and indicates that about 90% 
of this element is connected with proteins. Binding must be relatively 
strong because the precipitation of proteins with a strong perchloric acid 
of the final concentration (0.32 umol/l) causes their sedementation with 
co-valently bonded fluoride. 

In the world literature, devoted t o  chemistry and biochemistry of the 
erythrocyte, the fluoride ion has not received much attention. As a result 
of using the zirconium-eriochromcyanine method with distillational fluor- 
ide effusion from blood corpuscles a higher concentration of this element 
has been found in ercthrocytes than in blood serum. From the point of view 
of physiology, especially toxicology, the loading of the organism with 
fluoride and the observation of the dynamics of concentration changes of 
this element in blood serum in bound and unbound protein form and its con- 
centration in erythrocytes is of interest. 

The experiments, presented in Tables 4 and 5, confirm the increase 
of fluoride concentration in blood serum after oral administration. They 
especially draw attention to erythrocytes in the blood stream in which 
large amounts of fluoride are bound. Fluoride in erythrocytes and that 
bound with blood serum proteins constitute a so-called primary depot of 
this element out of which the active ionized form of fluoride can be 
created. The pool of fluoride in human blood may he presented in physio- 
logical terms as a circle area in which about 86% oE fluoride is connected 
with erthrocytes, 12.5% with blood serum proteins; only 1 .5% remains in 
the dissociated form (Fig. 2). Furthermore, we know that when the human 
organism ,is loaded with fluoride, binding by erythrocytes increases up 
to about 90%; only 10% of fluoride remains bound with proteins and dis- 
sociated. 
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Figure 2 
F- in human blood (_circle area) before and 90 minutes after admin- 
istration of 5 mg F . 

Before administration After 5 mg F administered 

Before - F distributed as follows: 86% connected with erthrocytes. 
12.5% with -blood serum proteins, 1.5% in dissociated form. After 
- pool of F distributed as follows: 90%. 9%. 1% respectively. 

Conclusion 

In light of the current investigation we suggest that, similar to the 
toxicology of heavy metals particularly lead, the fluoride concentration 
in full blood should be investigated to make it possible to evaluate the 
entire pool of fluoride bound with blood proteins and erythrocytes. 
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SEX DIFFERENCES IN HALOTHANE METABOLISM AND 
HEPATOTOXICITY IN A RAT MODEL 

by 

John L. Plummer, Pauline de la M. Hall, 
Mark A. Jenner, and Michael J. Cousins 

Chapel Hill, North Carolina 

(Abstracted from Anesth. Analg., 64:563-9, 1985) 

This study was designed to investigate sex differences in halothane 
metabolism and heptotoxicity in the hypoxic rat model. Phenobarbital- 
-induced male and female rats were anesthetized with 1% halothane in 14% 
oxygen for two hours. Female rats were found to metabolize halothane by 
the oxidative pathway to a similar extent as males, but the extent of 
metabolism by the reductive pathway was less in females. All male rats 
exposed under these conditions developed confluent centrilobular hepatic 
necrosis. Females were less susceptible than males to the hepatotoxic 
effect of halothane, with responses ranging from no hepatic injury to con- 
fluent centrilobular necrosis limited to within a few cells of the central 
veins. This lesser susceptibility was not however, solely due t o  the 
lesser extent of reductive metabolism in females, as lowering the inspired 
oxygen concentration to 12% increased the extent of reductive metabolism 
but did not increase the severity of the hepatic injury. 

KEY WORDS: Anesthetics; Biotransformation (drug), halothane; halothane, 
toxicity; halothane, volatile; liver 

Reprints: Dental Research Center and Department of Pedodontics, Univer- 
sity of h’orth Carolina, Chapel Hill, North Carolina 27514 

***o+****** 

ENAMEL FLUORIDE IN NURSING RATS WITH 
MOTHERS DRINKING WATER WITH HIGH FLUORIDE CONCENTRATIONS 

by 

C.R. Drinkard, T:G. Deaton, and J.W. Bawden 
Chapel Hill, North Carolina 

(J. Dental Research, 64:877-880, 1985) 

The purpose of this study was to determine the F levels in plasma and 
molar enamel from rat pups whose mothers had received various levels of 
F during pregnancy and/or lactation. Rats were started on water containing 
0 (Group I), 50 (Group 11). or  100 (Group 111) ppm F at the beginning of 
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pregnancy or  on the day of delivery, and plasma F levels, milk F levels, 
and pup molar enamel F levels were determined. 

The mean maternal plasma F concentrations were 0.02 20.005 ppm in 
Group I, 0.10 20.031 ppm in Group 11, and 0.21 k0.057 ppm in Group 111. 
The milk F values were about twice as high as the respective plasma con- 
centrations. The plasma F concentration in control pups was 0.003 +O.OOO?. 
ppm, and there was a rise to 0.006 20.0002 ppm in Group 111. Enamel F con- 
centrations were 0.62 20.13 ppm, 4.72 20.79 ppm and 8.80 21.74 ppm, qe- 
spectively. The plasma and enamel F values obtained from pups were not 
significantly different between the pre-natal/post-natal, and the post- 
-natal-only groups. It was concluded that ( 1 )  fluoride levels in the 
plasma and enamel of control rat pups were much lower than those found 
in adult rats, (2) such values could be increased only slightly when high 
doses of F were given t o  the mother, and (3) unlike values reported fo r  
other species, rat milk fluoride concentrations were higher than the re- 
spective plasma values. 

KEY WORDS: Enamel, rat; milk, rat; plasma, rat. 

Reprints: Dental Research Center and Department of Pedodontics, Univer- 
sity of North Carolina, Chapel Hill, North Carolina 27514 

*****x**-%-s 

L'RINARY FZUORIDE EXCRETION IN FLUORIDE EXPOSED WORKERS 
NITH DIMINISHED RENAL. FUNCTIOX 

Koichi Kono, Yasuhisa Yoshida, Misuzu Watanabe 
Yoshihisa Tanimura, and Toshiyuki Hirota 

Takatsuki City, Osaka and Matsuoka-cho, Fukui, Japan 

(Abstracted from Industrial Health [Japan) 2 2 : 3 3 - 4 0 ,  1984) 

Renal clearance of fluoride (CF), the amount of fluoride filtered 
by the glomeruli per minute (FF), and tubular reabsorption of fluoride 
(TrF), which were calculated from the serum concentration, as well as the 
quantity concurrently excreted in the urine, and the glomerular filtration 
rate (GFR), were investigated in patients with chronic renal failure (CRF) 
and healthy controls after oral administration of 4 mg NaF, with water 
loading. 

Twenty-four hour fluoride excretion in patients with CRF was signifi- 
cantly lower (p  < 0.001) than in controls. CF, FF, and TrF were also lower. 
CF and creatinine clearance (Ccr) were well correlated ( 4  = M.87); CF 
averaged 48% of Ccr. 
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In p a t i e n t s  w i t h  CRF and i n  HF w o r k e r s ,  serum c o n c e n t r a t i o n s  o f  f l u -  
o r i d e  were markedly h i g h e r  (p < 0.001) t h a n  i n  c o n t r o l s .  In HF w o r k e r s ,  
u r i n a r y  c o n c e n t r a t i o n  of f l u o r i d e  w a s  a l s o  h i g h e r  ( p  < 0.001). Ur ina ry  
f l u o r i d e  conLent  remained normal in s p i t e  of  markedly h i g h e r  s e rum f luo - .  
r i d e  c o n c e n t r a t i o n s  i n  CRF p a t i e n t s  t h a n  i n  c o n t r o l s .  

After oral a d n i j n j s t r n t j o n  o f  sodium f l u o r i d e  w i t h  w a t e r  l o a d i n a  - i n  
boll1 g roups  f l u o r i d e  i n t a k e  b e f o r e  and d u r i n g  t h e  e x p e r i m e n t s  w a s  v e r v  low 
- 24-hour u r i n a r y  f l u o r i d e  e x c r e t i o n  i n  5 p a t i e n t s  w i t h  CRF and i n  5 
h e a l t h y  c o n t r o l s  was 1326 2 693 compared t o  1789 _+ 476. 

In p a t i e n t s  w i t h  CRF, o n l y  6.2% of  i n g e s t e d  f l u o r j d e  w a s  e x c r e t e d  i n  
Llic 24-hour u r i n e  which w a s  mi rked ly  lower t l ian in c o n t r o l  s u b j e c t s  ( 4 8 . 8 2 ) .  
I n  t h e  same p a t i e n t s ,  t h o s e  w i t h  CRF and c o n t r o l s ,  2 h o u r s  a f t e r  f l u o r i d e  
a d m i n i s t r a t i o n  w i t h  water l o a d i n g ,  mean serum c o n c e n t r a t i o n s  o f  f l u o r i d e  
were s imi l a r .  On t h e  o t h e r  hand ,  u r i n a r y  c o n c e n t r a t i o n s  o f  f l u o r i d e  a t  
t h a t  time, u r i n a r y  f low p e r  minu te ,  Ccr, CF. FF, and T r F  in p a t i e n t s  were 
oi.irkcdly lower t h a n  I n  c o n t r o l s .  

Once r e n a l  f u n c t i o n  i s  s e v e r e l y  i m p a i r e d ,  e x c r e t i o n  of  f l u o r i d e  i n  
t h e  u r i n e  d e c r e a s e s  and serum f l u o r i d e  c o n c e n t r a t i o n  i n c r e a s e s .  

These f i n d i n g s  i n d i c a t e  i n c r e a s e d  r e t e n t i o n  of f l u o r i d e  j n  t h e  body 
of  p a t i e n t s  w i t h  CRF, e s p e c i a l l y  in t h o s e  exposed t o  f l u o r i d e  i n  t h e  work 
p l a c e .  I n  t h e  c a s e  o f  HF worke r s  w i t h  d i m i n i s h e d  r e n a l  f u n c t i o n ,  measure- 
ment o f  u r i n a r y  f l u o r i d e  c o n c e n t r a t i o n  may n o t  b e  a d e q u a t e .  F r e q u e n t  mon- 
i t o r i n g  o f  serum f l u o r i d e  a l s o  a p p e a r s  t o  b e  n e c e s s a r y  a s  a n  i n d i c a t o r  o f  
e x c e s s  f l u o r i d e  i n t a k e .  

I n  p a t i e n t s  w i t h  k idney  h y p o f u n c t i o n ,  F- l e v e l s  in serum a p p e a r s  t o  
be  a more r e l i a b l e  i n d i c a t o r  of e x p o s u r e  t h a n  u r i n a r y  F- l e v e l s .  

KEY WORDS: F l u o r i d e  metabol ism; H g d r o f l u o r i c  a c i d  w o r k e r s ;  Index  o f  f l u -  
o r i d e  e x p o s u r e ;  P a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e :  Renal 
f l u o r i d e  c l e a r a n c e  

R e p r i n t s :  Department of Environmental  H e a l t h ,  Fukui  Med ica l  S c h o o l ,  Plat- 
suoka-cho, Fukui  910-11. J apan .  

********** 

RENAL CLEARANCE OF FLUORIDE IN CHILDREN AND ADOLESCENTS 

Carl-Johan Spak ,  LDS, lllla Berg,  ND, a n d  J a n  E k s t r a n d ,  LDS 
Huddinge, Sweden 

(Abstracted from Ped ia t r i c s  75:575-9, 1985)  

To s t u d y  r e n a l  f l u o r i d e  c l e a r a n c e  i n  c h i l d r e n  and a d o l e s c e n t s ,  r e n a l  func-  
t i o n  w a s  t e s t e d  i n  t h i r t y - e i g h t  c h i l d r e n  (29 g i r l s  and  9 boys )  i n  whom r e n a l  
i nvo lvemen t  a s s o c i a t e d  w i t h  a s y s t e m i c  d i s o r d e r  s u c h  as  d i a b e t e s  w a s  s u s p e c t e d .  
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36 Abstract 

A c l o s e  l i n e a r  r e l a t i o n s h i p  w a s  observed between r e n a l  f l u o r i d e  c l e a r a n c e  and 
g lomerular  f i l t r a t i o n  ra te ,  u r i n a r y  f low,  and f r e e  water c l e a r a n c e .  

+ 
Mean r e n a l  f l u o r i d e  c l e a r a n c e  w a s  31.4 - (SD) 8.8 mL/min i n  t h e  group of  

p a t i e n t s  with low glomerular  f i l t r a t i o n  rates (GFRs) and 45 .0  f 9.8 i n  
group wi th  normal GFRs. 
t h e s e  groups w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  (P <.01). The plasma f l u o r i d e  con- 
c e n t r a t i o n  w a s  somewhat h i g h e r  i n  t h e  group of p a t i e n t s  w i t h  low GFRs, namely 
1 . 4  2 0.2 p?! compared wi th  those  w i t h  normal GFRs 1 . 2  2 0.2 pM. About 60% o f  
t h e  f i l t e r e d  f l u o r i d e  w a s  reabsorbed.  Chi ldren w i t h  s u s p e c t e d  r e n a l  d i s e a s e  
b u t  whose GFR v a l u e s  were w i t h i n  t h e  range f o r  h e a l t h y  c h i l d r e n  s e r v e d  as con- 
t r o l s .  

t h e  
The d i f f e r e n c e  between r e n a l  f l u o r i d e  c l e a r a n c e  i n  

This s tudy  shows t h a t  c h i l d r e n  have a lower ra te  of  r e n a l  f l u o r i d e  clear- 
ance than a d u l r s .  I t  a l s o  shows t h a t ,  w i t h  only a moderate  d e c r e a s e  i n  glom- 
e r u l a r  f i l t r a t i o n ,  r e n a l  f l u o r i d e  c l e a r a n c e  was reduced,  and r e t e n t i o n  of f l u o -  
r i d e  i n c r e a s e d  compared w i t h  c h i l d r e n  whose kidney f u n c t i o n  is normal. 

KEY WORDS : 

R e p r i n t s :  

Chi ldren  and a d o l e s c e n t s ;  Renal F- c l e a r a n c e  

(C.J .S.)  Department of Car io logy ,  School of D e n t i s t r y ,  Karo l inska  
I n s t i t u t e t ,  Box 4064, 5 1 4 1  04 Huddinge, Sweden. 

********** 

EFFECTS OF CORTISOL AND FLUORIDE ON ION-TRANSPORTING 
ATPase ACTIVITIES I N  CULTURED OSTEOBLASTLIKE CELLS 

by 

R.E .  Anderson, J.W. Kemp, W.S.S.Jee, and D.M. Woodbury 
U n i v e r s i t y  of  Utah, School of Medicine, S a l t  Lake C i t y ,  Utah 84108 

(Abs t rac ted  from I n  V i t r o  20~847-855. 1984) 

Na'. K+-ATPase, HCOg--ATPase, Ca2+, Mg2+,-ATPase, CaZ+-ATPase, and a lka-  
l i n e  phosphatase a c t i v i t i e s  were measured i n  c u l t u r e s  of o s t e o b l a s t l i k e  ce l l s  
t r e a t e d  w i t h  f l u o r i d e  and c o r t i s o l  s e p a r a t e l y  and i n  combinat ions.  Low con- 
c e n t r a t i o n s  of c o r t i s o l  i n c r e a s e d  HCOg--ATPase [10-11 t o  
a l k a l i n e  phosphatase [ t o  M c o r t i s o l ]  a c t i v i t i e s ,  b u t  h i g h e r  c o r t i -  
s o l  c o n c e n t r a t i o n s  reduced t h e s e  a c t i v i t i e s .  
and Ca2+-AT?ase a c t i v i t i e s  tended only t o  be reduced by c o r t i s o l .  

M c o r t i s o l ]  and 

Na+, K+-ATPase, Ca2+, Mg2+-ATPase, 

F l u o r i d e  [10-6 and 5 X 10-6 MI increased  HCOg--ATPase and a l k a l i n e  phos- 

ores- phatase  a c t i v i t i e s ,  bu t  t h e s e  a c t i v i t i e s  were s i m i l a r  t o  c o n t r o l s  i n  t h e  
ence of loe5 El f l u o r i d e .  Ca2+, Mg2+-ATPase a c t i v i t y  w a s  decreased  and N a  , K+ 
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-ATPase a c t i v i t y  was increased  as t h e  c o n c e n t r a t i o n  of f l u o r i d e  i n c r e a s e d  [ lop6  
t o  M I .  P re l iminary  experiments  w i t h  f l u o r i d e  i n d i c a t e d  t h a t  lower con- 
c e n t r a t i o n s  M I  w e r e  wi thout  e f f e c t .  

C o r t i s o l  c o n c e n t r a t i o n s  of 10-9 and M were chosen f o r  s t u d i e s  w i t h  
combinat ions of c o r t i s o l  and f l u o r i d e  because t h e  e f f e c t s  of t h e s e  concent ra -  
t i o n s  on a l k a l i n e  phosphatase a c t i v i t y  were o p p o s i t e ,  i . e .  M i n c r e a s e d  
whereas F l u o r i d e  c o n c e n t r a t i o n  of l o d 6 ,  5 X l o T 6 ,  
and M were chosen because a peak of a l k a l i n e  phosphatase a c t i v i t y  occurred  
a t  5 X M f l u o r i d e .  Higher M] and lower M I  f l u o r i d e  concent ra -  
t i o n s  were wi thout  e f f e c t .  

M decreased a c t i v i t y .  

The e f f e c t s  of combinations of c o r t i s o l  and f l u o r i d e  depend on t h e  enzyme 
a c t i v i t y  measured. M I  produced 
a peak of Na+, K+-ATPase a c t i v i t y .  
c o n c e n t r a t i o n s  of f l u o r i d e  a l o n e  w a s  p reserved  when f l u o r i d e  w a s  combined w i t h  

F l u o r i d e  [10-6 M] combined w i t h  c o r t i s o l  [ 
The i n c r e a s e d  a c t i v i t y  o b t a i n e d  w i t h  a l l  

M c o r t i s o l ,  a l though t h e  a c t i v i t y  tended t o  be  reduced a t  5 X 10-6 and 
M f l u o r i d e .  
M c o r t i s o l  and decreased by f l u o r i d e  combined w i t h  

HCOj--ATPase a c t i v i t y  w a s  i n c r e a s e d  by f l u o r i d e  combined w i t h  
M c o r t i s o l  com- 

The d e c r e a s e  i n  Ca2+, pared t o  t h e  a c t i v i t i e s  ob ta ined  wi th  f l u o r i d e  a lone .  
Mg*+-ATPase a c t i v i t y  caused by f l u o r i d e  a l o n e  was prevented  by 
hanced by M c o r t i s o l ,  a l though a l l  t r e a t m e n t s  produced t h e  same a c t i v i t y  
a t  10-5 M f l u o r i d e .  Ca*+-ATPase a c t i v i t y  tended t o  be  i n c r e a s e d  by combina- 
t i o n s  of f l u o r i d e  and c o r t i s o l ,  b u t  s i g n i f i c a n t l y  so  only a t  M f l u o r i d e  
i n  combinat ions w i t h  10-8 and M c o r t i s o l .  Alka l ine  phosphatase  a c t i v i t y  
w a s  i n c r e a s e d  by f l u o r i d e  combined w i t h  10-9 M c o r t i s o l  and decreased  by f l u o -  
r i d e  combined w i t h  10-8 M c o r t i s o l  compared t o  t h e  a c t i v i t i e s  o b t a i n e d  w i t h  
f l u o r i d e  a lone .  

and en- 

These r e s u l t s  suggest  t h a t  t h e  a b i l i t i e s  of bone c e l l s  t o  r e g u l a t e  i o n  
t r a n s p o r t  [ a s  r e f l e c t e d  i n  t h e i r  i o n - t r a n s p o r t i n g  ATPase a c t i v i t i e s ]  a r e  mod- 
u l a t e d  by l u c o c o r t i c o i d s  and f l u o r i d e .  Inasmuch a s  t h e s e  c e l l s  may r e g u l a t e  
t h e  i o n i c  composition and c o n c e n t r a t i o n s  of t h e  bone e x t r a c e l l u l a r  f l u i d  [ECF] 
i n  v i v o ,  t h e  modulation of t h e i r  a c t i v i t i e s  by c o r t i s o l  and f l u o r i d e  may re- 
s u l t  i n  a l t e r e d  bone ECF composition. 

KEY WORDS: ATPase; C o r t i s o l ;  C u l t u r e ;  F l u o r i d e ;  O s t e o b l a s t .  

REPRINTS: Div is ion  of Neuropharmacology and E p i l e p t o l o g y ,  Department of  Phys- 
i o l o g y ,  Univers i ty  of  Utah, School of Medicine, S a l t  Lake C i t y ,  
Utah 84108 
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EXTENDED TREATMENT OF PRIMARY OSTEOPOROSIS BY SODIUM 
FLUORIDE COMBINED WITH 25 HYDROXYCHOLECALCIFEROL 

D .  Kuntz, P .  Marie, B. Naveau, B. Maziere, 
H. Tubiana. and A. Ryckewaert 

P a r i s ,  France 

(Abs t rac ted  from C l i n i c a l  Rheumatology, 3:145-153, 1984) 

Nineteen p a t i e n t s  s u f f e r i n g  from primary o s t e o p o r o s i s ,  a l l  having a t  
least  one v e r t e b r a l  c o l l a p s e ,  i n i t i a l l y  rece ived  50 mg of sodium f l u o r i d e  
(NaF) a lone  p e r  day f o r  6-18 months. Subsequent ly ,  i n  12  of t h e s e  pa- 
t i e n t s , f l u o r i d e  was a s s o c i a t e d  wi th  25-50 ug of  25-OH c h o l e c a l c i f e r o l ( c a 1 -  
c i f e d i o l )  p e r  day f o r  6-18 months; 9 were t r e a t e d  f o r  31-58 months. 

A s  c o n t r o l s ,  9 p a t i e n t s  were given a placebo f o r  6-18 months. In each 
group t h e r e  was a s i g n i f i c a n t  increase  i n  t r a b e c u l a r  bone volume, o s t e o i d  
volume, o s t e o i d  s u r f a c e s  and a s i g n i f i c a n t  decrease  i n  m i n e r a l i z a t i o n  
f r o n t s .  O n  t h e  o t h e r  hand, changes i n  o s t e o b l a s t i c  and o s t e o c l a s t i c  sur -  
f a c e s ,  number of o s t e o c l a s t s / m 2 , w e r e  not  s i g n i f i c a n t  i n  any group. 
change was observed i n  the  placebo group. 

No 

These d a t a  sugges t  t h a t  the  i n c r e a s e  i n  t r a b e c u l a r  volume of  f luo-  
r i d e d  bone i s  mainly due t o  t h e  i n c r e a s e  i n  o s t e o i d  which i t s e l f  is  due 
t o  a bone m i n e r a l i z a t i o n  d e f e c t  d e s p i t e  t h e  a d m i n i s t r a t i o n  of  c a l c i f e d i o l .  

Treatment by NaF caused g a s t r a l g i a  i n  s i x  cases which d isappeared  a f -  
ter  some days when t h e  NaF had been c a r e f u l l y  mixed w i t h  food. A r t h r a l g i a .  
observed i n  two c a s e s ,  w a s  accompanied by a r t i c u l a r  s w e l l i n g  i n  one c a s e ,  
wi thout  abnormal i ty  on x-rays. A bone f i s s u r e  of t h e  l e f t  f e n o r a l  neck 
w a s  observed i n  one c a s e  t r e a t e d  f o r  36 months. 

I t  is p o s s i b l e  t h a t  f l u o r i d e  had l i t t l e  e f f e c t  on t h e  s t r u c t u r e  of  
c o r t i c a l  bone (of which the  hand bones a r e  c h i e f l y  comprised);  t h a t  i t  ex- 
e r t e d  i t s  a c t i v i t y  mainly upon spongy bone. 

The impor tan t  and c o n s t a n t  decrease  i n  m i n e r a l i z a t i o n  f r o n t s  ob- 
se rved  w i t h  f l u o r i d e  a l o n e ,  shows a d e f e c t  i n  bone m i n e r a l i z a t i o n  which 
c a l c i f e d i o l  i s  unable  t o  improve. There i s  probably a n o t h e r  reason  why 
Ca h a s  not  changed s i g n i f i c a n t l y .  

F luor ide  may induce changes i n  the physicochemical p r o p e r t i e s  of bone 
a p a t i t e  c r y s t a l s ,  the  c r y s t a l  of f l u o r o a p a t i t e  i t s e l f  be ing  f i x e d  more 
s lowly  on bone mat r ix .  Nor can the  p o s s i b i l i t y  be excluded t h a t  osteo-  
b l a s t s ,  s t i m u l a t e d  by f l u o r i d e ,  b u i l d  up a mat r ix  incapable  of normal min- 
e r a l i z a t i o n .  suggested by t h e  a s p e c t  of f luorescence  of  t h e  m i n e r a l i z a t i o n  
f r o n t s ,  o f t e n  i r r e g u l a r  and l e s s  b r i g h t ,  and by t h e  dbundance of voven 
bone i n  some b i o p s i e s .  

I n  o s t e o p o r o t i c s  t r e a t e d  wi th  f l u o r i d e ,  s e v e r a l  cases of bone iis- 
s u r e s  s i t u a t e d  near  t h e  c o r t e x  have r e c e n t l y  been repor ted .  The mechanism 
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of these fissures is mysterious. Some of them may be due to the defect 
in mineralization of the fluorided bone and to the persistent weakness 
of the cortex of the long bones in osteoporotics. 

Nhereas sodium fluoride administered in an extended manner to osteo- 
porotics stimulates osteoformation of spongy bone, the quality of newly- 
formed bone and its degree of mineralization, especially its structure, 
is still open to question. 

KEY WORDS- Bone mineral content; Fluoride; Histomorphometry; Osteoporosis; 
Vitamin D. 

Reprints: Clinique de Rhumatologie, Unit6 18 INSERM, H6spital Laboriboi- 
siSre, 6 rue Guy Patin, 75010 Paris, Centre hospitalier FrPd6- 
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RISK OF MYOCARDIAL INFARCTION IN FINNISH MEN IN RELATION TO 
FLUORIDE, MAGNESIUM AND CALCIUM CONCENTRATION 

Ih’ DRINKING WATER 

by 

H. Luoma, A. Aromaa, S. Helminen, H. Murtomaa, 
L. Kiviluoto, S. Punsar, and P. Knekt 

(Abstracted from Acta Med Scand 213:171-6, 1983) 

To study the influence of drinking water composition on the risk of 
myocardial infarction, the following study was conducted: The cases (C), 
men 30-64 years of age, had been discharged with a first acute mvocardial 
infarction (MI) from Kotka Central Hospital. The hospital controls (HC), 
matched for age and type of community, were selected for each case among 
surgical Fatients. Population controls (PC), matched for age and munici- 
pality, were drawn for each case from the population register. Subjects 
submitted a sample of their drinking water and a filled-in questionnaire. 
After exclusions, a series of 50 C-HC and 50 C-PC pairs was finally con- 
structed. The point estimate of relative risk (RR) for the association 
between low F (cO.1 ppm) and increased risk of A!!I was 3.0 in the C-HC 
series. In the C-PC comparison !U was 4.4. RR for low Mg (c1.2 ppm) was 
2.D in the C-l!C cornparism and 4.7 in the C-PC comparison. The results 
are consistent with the hypothesis that both a low F and a low Fig intake 
are conducive to atherosclerosis leading to A?lI. 

KEY WORDS: Atherosclerosis; Calcium; Drinking water; Fluoride; Magnesium; 
Myocardial infarct ion 

Reprints: From the Dept. of Dentistry, University of Kuopio, Kuopio, Fin- 
land. 
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PREVALENCE OF DENTAL CARIES I N  H I G H  AND LOW FLUORIDE 
AREAS OF SALEM DISTRICT, TAMILNADU.IN SOUTH I N D I A  

by 

M. Rahmatulla, and A. Ra jasekar  
Madras, I n d i a  

(Abs t rac ted  from t h e  J. I n d i a n  Dent. Assoc.,55:451-484, 1983) 

This s t u d y  i s  a p r e l i m i n a r y  a t t e m p t  t o  assess t h e  magnitude o f  d e n t a l  
caries i n  a p o p u l a t i o n  consuming h i g h  and low f l u o r i d e  l e v e l s  i n  
Salem d i s t r i c t  o f  Tamilnadu, South I n d i a ,  w a s  s e l e c t e d  f o r  t h e  s t u d y  be- 
cause  of  i ts  preva lence  of endemic f l u o r o s i s .  

A t o t a l  of  209 persons  of  e i t h e r  sex, between 12-75 y e a r s  of  age,were 
surveyed i n  f o u r  v i l l a g e s  of Salem d i s t r i c t  where f l u o r i d e  c o n c e n t r a t i o n  i n  
w e l l  water .used f o r  d r i n k i n g ,  ranged from 0.3 t o  6 ppm. In  Sengatoor  and 
N i n n a l a k o t t a i ,  t h e  h igh  f l u o r i d e  communities, water c o n t a i n e d  6 ppm and 3.2 
ppm, r e s p e c t i v e l y ;  i n  t h e  low f l u o r i d e  communities, Reddiampet ta i r  and Sen- 
gapuram, 0.5 ppm and 0.3 ppm r e s p e c t i v e l y .  

water. 

Permanent e r u p t e d  t e e t h  were examined w i t h  a m i r r o r  and probe i n  na- 
t u r a l  d a y l i g h t .  Pa lpable  s o f t e n i n g  of enamel and d e n t i n e  w a s  counted a s  
car ies .  Ear ly  enamel l e s i o n s  in p i t s  and f i s s u r e s . w h e r e  s o f t n e s s  could 
n o t  be e l i c i t e d  by probe,  were n o t  inc luded  f o r  t h e  s t u d y .  Radiographs 
were n o t  taken .  

The average  community DMF rate was 0 . 9 1  where F- i n  water i s  6 ppm; 
t h e  DMF w a s  2.18 where water c o n t e n t  i s  0.5 ppm F-. S i m i l a r l y ,  t h e  den- 
t a l  c a r i e s  f requency w a s  low i n  h igh  f l u o r i d e  group compared t o  t h e  low 
f l u o r i d e  c o u n t e r p a r t s  who d i s p l a y e d  more than  twice t h e  frequency.  

On t h e  o t h e r  hand, f e n a l e s  c o n s i s t e n t l y  showed r e l a t i v e l y  h igh  d e n t a l  
caries frequency d e s p i t e  t h e  h i g h  f l u o r i d e  l e v e l  i n  water. In  Sengatoor  
(6 ppm F-), D?lF i n  females w a s  1 .67 ,  n o t  too  d i f f e r e n t  from t h a t  i n  Redda- 
i m p e t t a i  namely 1.73 DMF, where water c o n t a i n s  0.5 ppm. Moreover, caries 
frequency i n  N i r m a l a k o t t a i  (3 .2  ppm) and Sengapurum (0.3 pprn) w a s  p r a c t i c a l -  
l y  t h e  same namely, 39.6 f o r  t h e  former and 39.8% f o r  t h e  l a t t e r .  

KFI WORDS: 
Dis t r ic t ;  South A f r i c a .  

R e p r i n t s :  Department of Denta l  Surgery,  Government Kilpauk Medical Col lege ,  

Denta l  caries p r e v a l e n c e ;  High and l o w  f l u o r i d e  areas; Salem 

Madras, I n d i a .  
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EXPERIMENTAL OSTEOFLUOROSIS I N  THE DOMESTIC P I G :  A HISTOMORPHOMETRIC 
STUDY OF VERTEBRAL TRABECULAR BONE 

by 

J .  K r a g s t r u p ,  A .  R i c h a r d s ,  and 0. F e j e r s k o v  
Aarhus,  Denmark 

(Abs t r ac t ed  from J. Dent.  Res. 63:885-889, 1984)  

The p r e s e n t  s t u d y  w a s  c a r r i e d  o u t  t o  de t e rmine  t h e  e f f e c t s  of  f l u o -  
r i d e  on  s t r u c t u r e  and r emode l ing  o f  t r a b e c u l a r  bone i n  t h e  d o m e s t i c  p i g  
and t o  asses morphologic  changes by q u a n t i t a t i v e  h i s t o l o g y  u s i n g  f l u o r o -  
chromes as t i s s u e  markers .  E i g h t  a n i m a l s  t h a t  r e c e i v e d  a supplement  of  
2 mg F-/kg b.w. p e r  day from e i g h t  months of  age f o r  t h e  f o l l o w i n g  6 mos. 
were compared w i t h  c o n t r o l s .  Plasma f l u o r i d e  i n  p i g s  r e c e i v i n g  f l u o r i d e  
i n c r e a s e d  from 0 . 7  ? 0 .1  pM/1 (0 .013 ppm) t o  12 .7  ? 2.0 u M / 1  (0 .24 ppm). 
F l u o r i d e  exposure  w a s  e s t i m a t e d  by plasma f l u o r i d e  c o n c e n t r a t i o n s ,  a more 
r e l i a b l e  pa rame te r  f o r  f l u o r i d e  e x p o s u r e  t h a n  o r a l  doses  which have vary-  
i n g  b i o - a v a i l a b i l i t y  d e p e n d i n g , f o r  example ,on  c a l c i u m  c o n t e n t  o f  t h e  d i -  
e t .  The d o m e s t i c  p i g  was chosen as t h e  e x p e r i m e n t a l  an ima l  because  i t  
h a s  a b lood  compartment l a r g e  enough t o  a l l o w  f o r  f r e q u e n t  b lood  samp- 
l i n g .  

A t  s l a u g h t e r ,  t h e  f l u o r i d e  l e v e l  i n  d r y  f a t - f r e e  bone o f  f l u o r o t i c  
an ima l s  w a s  149 .3  ? 1 0 . 5  mM/kg (2837 ppm), 9 . 5  ? 0.9 mM/kg (181  ppm) f o r  
c o n t r o l s .  

Morphologic changes were a s s e s s e d  i n  u n d e c a l c i f i e d  spec imens  of t h e  
f o u r t h  lumbar v e r t e b r a  by q u a n t i t a t i v e  h i s t o l o g y  u s i n g  f luo rochromes  a s  
i n t r a - v i t a l  t i s s u e  t i m e  markers .  The volume of  t r a b e c u l a r  bone t i s s u e  
(bone + marrow) was unchanged i n  f l u o r o t i c  a n i m a l s ;  bone d e n s i t y ,  how- 
e v e r ,  had i n c r e a s e d  by 17%. S u r f a c e  d e n s i t i e s  of  c a n c e l l o u s  bone r e -  
mained a l m o s t  unchanged whereas  t r a b e c u l a r  t h i c k n e s s  i n c r e a s e d  i n  f l u -  
o r o s i s .  F l u o r i d e  enhanced r emode l ing  of t r a b e c u l a r  s u r f a c e s .  The f r a c -  
t i o n  of  s u r f a c e  occup ied  by r e s o r p t i o n  l a c u n a e  had i n c r e a s e d  40%. In- 
c r e a s e s  of  approx ima te ly  30% were found f o r  f r a c t i o n a l  o s t eo id -cove red  
s u r f a c e  (Ss  [ o s t e o i d ,  t o t a l ] )  and f r a c t i o n a l  c a l c e i n - l a b e l e d  s u r f a c e  (Ss 
[ l a b e l  t o t a l  I )  ( p  < 0.05). 

The expe r imen t  conf i rmed  p r e v i o u s  s t u d i e s  d e m o n s t r a t i n g  a n  i n c r e a s e d  
volume d e n s i t y  of  t r a b e c u l a r  bone i n  f l u o r o s i s .  The s u r f a c e  d e n s i t y  of  
t h e  t i s s u e  was unchanged, whereas  t h e  t h i c k n e s s  of  t r a b e c u l a e  appea red  t o  
be i n c r e a s e d  i n  f l u o r o t i c  p i g s .  F l u o r i d e  migh t ,  however, r e d u c e  t h e  dep th  
of  r e s o r p t i o n  a t  r emode l ing  s i t e s .  To d a t e . n o  r e l i a b l e  methods f o r  e s t i -  
ma t ing  t h e  r e s o r p t i o n  d e p t h  e x i s t .  

F l u o r o s i s  i s  n o t  a c o n d i t i o n  t h a t  e f f e c t s  enamel e x c l u s i v e l y .  O the r  
ha rd  t i s s u e s ,  such  as d e n t i n e  and bone,  which d e r i v e  from t h e  mesenchyme, 
may l i k e w i s e  b e  changed. F l u o r i d e  may i n t e r f e r e  w i t h  some b a s i c  metabol-  
i c  mechanism j n  m i n e r a l i z i n g  t i s s u e s ,  r e g a r d l e s s  of  t h e  o r i g i n  of t h e  tis- 
sue .  According t o  t h i s  h y p o t h e s i s ,  t h e  v a r y i n g  m a n i f e s t a t i o n s  o f  f l u o -  
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r o s i s  are d u e  t o  d i f f e r e n c e s  i n  mode o f  m i n e r a l i z a t i o n  and t u r n o v e r  of  
t i s s u e s .  F l u o r i d e  a f f e c t s  r e m o d e l i n g  and i n c r e a s e s  t h e  mass o f  t r a b e c u -  
l a r  human bone .  I n f o r m a t i o n  c o n c e r n i n g  t h e  r emode l ing  p r o c e s s  i n  f l u o r o -  
t i c  bone i s ,  however ,  i n c o m p l e t e .  

The a u t h o r s  conc lude  t h a t  t h e i r  f i n d i n g s  c a n n o t  b e  e x p l a i n e d  bv f l u -  
o r i d e - i n d u c e d  changes  i n  a s i n g l e  c e l l ,  namely t h e  o s t e o b l a s t ,  and t h a t  
f l u o r i d e  a p p e a r s  t o  a f f e c t  a l l  c e l l s  i n v o l v e d  i n  r emode l ing  by d i r e c t  o r  
i n d i r e c t  mechanisms. A d d i t i o n a l l y ,  no change i n  t h e  t o t a l  volume o f  t ra-  
b e c u l a r  bone t i s s u e  [V ( t i s s u e ) ]  w a s  found (p > 0.10), b u t  the volume den- 
s i t y  o f  bone t r a b e c u l a e  [Vv ( b o n e ) ] ,  which had i n c r e a s e d  1 7 %  i n  f l u o r o t i c  
p i g s  ( p  < 0.05).  l e d  t o  an i n c r e a s e  i n  a b s o l u t e  volume of  bone  t r a b e c u l a e  
[V (bone ) ]  (0.05 < p < 0 . 1 0 ) .  

The i n c r e a s e d  volume a p p e a r e d  t o  b e  due t o  a n  i n c r e a s e d  t r a b e c u l a r  
t h i c k n e s s  i n  f l u o r o s i s  (0.05 < p < 0.10). F r a c t i o n a l  r e s o r p t i v e  s u r f a c e  
[Ss ( r e s o r p t i o n  l a c u n a e ,  t o t a l ) ]  w a s  more t h a n  40% l a r g e r  i n  the f l u o r o t i c  
gkoup ( p  < 0.05) .  The bone w a s  no t  i n  a s t e a d y  s t a t e  w i t h  r e s p e c t  t o  f l u -  
o r i d e  e x p o s u r e ,  which migh t  p a r t l y  e x p l a i n  why t h e  area o f  r e s o r p t i v e  s u r -  
f a c e  a p p a r e n t l y  i n c r e a s e d  s l i g h t l y  more t h a n  t h e  f o r m a t i v e  s u r f a c e .  A t  re- 
mode l ing  s i t e s ,  r e s o r p t i o n  p r e c e d e s  f o r m a t i o n  and  any change i n  t h e  e x t e n t  
of r e m o d e l i n g  s u r f a c e s  i n i t i a l l y  a f f e c t s  r e s o r p t i o n  o n l y .  The p a t h o g e n e s i s  
o f  t h e  f l u o r o t i c  l e s i o n , h o w e v e r ,  i s  s t i l l  unknown. 

KEY b!ORDS: O s t e o f l u o r o s i s ;  P i g ,  h i s t o m o r p h o m e t r i c  s t u d y ;  V e r t e b r a l  bone 
F- e f f e c t  on.  

R e p r i n t s :  Department  o f  D e n t a l  P a t h o l o g y  and O p e r a t i v e  D e n t i s t r y ,  The 
Royal  Dental C o l l e g e ,  V e n n e l y s t  Bou leva rd ,  8000 Aarhus C . ,  Den- 
mark 
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EFFECTS OF SODIUM FLUORIDE ON BLASTOGENESIS 
IN MICE LYMPHOCYTT, WITH SPECIASREFEREKE 

TO THE UPTAKE OF [ IjITHYMIDINE, [ H I U R I D I N E ,  
OR [ HILEUCINE 

by 

Kataoka Masayuki 
C h i b a ,  J a p a n  260 

( A b s t r a c t e d  from S h i k a  Gakuho, 84:220-251, 1984) 
( i n  J a p a n e s e )  

The t o x i c i t y  o f  NaF u s e d  i n  d e n t i f r i c e s  t o  r e d u c e  d e n t a l  ca r ies  w a s  dem- 
o n s t r a t e d  b y  showing t h e  i n h i b i t o r y  a c t i v i t i e s  o f  NaF on t h e  u p t a k e  of  t r i-  
t i a t e d  t h y m i d i n e ,  u r i d i n e ,  and  l e u c i n e  by lymphocytes  i n  v i t r o .  S i m i l a r  i n -  
h i b i t o r y  a c t i v i t i e s  o c c u r r e d  i n  the s p l e e n  of  mice which r e c e i v e d  NaF o r a l l y .  

KEY WORDS: F l u o r i d e  e f f e c t  on b l a s t o g e n e s i s ;  Mice lymphocytes  
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UTERINE ADENYLATE CYCLASE ACTIVITY DURING THE 
ESTRUS CYCLE AND EARLY PROGESTATION I N  THE RAT: 

RESPONSES TO FLUORIDE ACTIVATION AND DECIDUAL INDUCTION 

by 

A.M. B e k a i r i ,  R . B .  Sanders ,  and J.M. Yochim 
U n i v e r s i t y  of Kansas, Lawrence, Kansas 

(Abs t rac ted  from Biology of Reproduction 31:742-751, 1984) 

U t e r i n e  adenyla te  c y c l a s e  (AC) a c t i v i t y  of t h e  ra t  w a s  measured by rad io-  
chemical  a n a l y s i s  dur ing  t h e  e s t r u s  c y c l e  and e a r l y  pseudopregnancy. During 
t h e  e s t r u s  c y c l e ,  AC a c t i v i t y  i n c r e a s e d  from 4.6 t o  16.9 pmol CAMP formed/ 
min-mg p r o t e i n  between m e t e s t r u s  and p r o e s t r u s .  Although AC a c t i v a t e d  2- t o  
3- f o l d  a t  a l l  c y c l e  s t a g e s  by 10 mM NaF, t h e  r e s u l t i n g  p a t t e r n  of a c t i v i t y  
w a s  s i m i l a r  to  t h a t  measured i n  t h e  absence of f l u o r i d e .  The r e s u l t s  demon- 
s t r a t e d  t h a t  t h e  p a t t e r n  of AC a c t i v i t y  dur ing  t h e  c y c l e  w a s  s imilar  t o  t h a t  
of o t h e r  e s t r o g e n - s e n s i t i v e  u t e r i n e  enzymes and t h a t  t h e  o v a r i a n  hormones 
probably a l t e r e d  enzyme b i o s y n t h e s i s  and turnover  t o  a g r e a t e r  e x t e n t  than 
a c t i v a t i o n  and k i n e t i c  p r o p e r t i e s .  

Fol lowing t h e  i n d u c t i o n  of pseudopregnancy by c e r v i c a l  s t i m u l a t i o n ,  en- 
zymic a c t i v i t y  i n c r e a s e d  from 3.5 t o  9.4 pmol between Days 1-h (Day 1 = leuko- 
c y t i c  v a g i n a l  smear) and d e c l i n e d  t h e r e a f t e r .  AC a c t i v i t y  was i n c r e a s e d  2- 
t o  5- f o l d  by NaF on a l l  days.  AC a c t i v i t y  w a s  s i m i l a r l y  i n c r e a s e d  by a mech- 
a n i c a l  trauma t o  t h e  u t e r u s ,  b u t  on ly  when the trauma w a s  a p p l i e d  on Day 4 .  
Fol lowing trauma t o  t h e  u t e r u s ,  AC a c t i v i t y  w a s  n o t  i n c r e a s e d  f u r t h e r  by IiaF. 

The similarities between t h e  physicochemical  c h a r a c t e r i s t i c s  on AC dur- 
i n g  t h e  e s t r u s  c y c l e  and e a r l y  p r o g e s t a t i o n  suggested t h a t  t h e  enzyme d u r i n g  
a l l  endocr ine  s ta tes  had v i r t u a l l y  i d e n t i c a l  p r o p e r t i e s .  However, t h e  t r a n s -  
i e n t  s e n s i t i v i t y  t o  a c t i v a t i o n  a f t e r  trauma on Day 4 w a s  unique t o  progesta-  
t i o n a l  u t e r i .  Because t h e  p r o p e r t i e s  of  enzyme were not  a l t e r e d  by t h e  endo- 
c r i n e  s t a t e  of t h e  t i s s u e  t h e  t r a n s i e n t  s e n s i t i v i t y  t o  a c t i v a t i o n  by trauma 
w a s  sugges ted  t o  be a r e s u l t  of hormone-induced a l t e r a t i o n s  i n  the  membrane 
i n  which AC i s  seques te red .  

KEY WORDS: Adenylate c y c l a s e ;  E s t r u s  c y c l e ;  F luor ide  a c t i v a t i o n  of a d e n y l a t e  
c y c l a s e .  
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DENTAL STUDY UPSETS THE ACCEPTED WISDOM 

J. Raloff  
E d i t o r ,  Sc ience  N e w s ,  Washington, D.C. 

(Abs t rac ted  from Science  News,  Vol. 125, Jan .  7, 1984) 

Ten y e a r s  ago,  i t  w a s  assumed t h a t  d e n t a l  caries could  be a l l  b u t  
e l i m i n a t e d  i n  school-age c h i l d r e n  by means of a combination of  t r e a t -  
ments aimed a t  c a r i e s  prevent ion  - namely s e a l a n t s  and f l u o r i d e s .  How- 
e v e r ,  t h e  r e s u l t s  of  t h e  l a r g e s t  e v e r  c o n t r o l l e d  f i e l d  t es t  of preven- 
t i v e  d e n t a l  p rocedures  i n  t h e  USA sugges t  t h a t  t h i s  assumption w a s  er- 
roneous on both  counts .  

I n i t i a t e d  in 1977, t h e  s t u d y  w a s  mnducted  under t h e  a u s p i c e s  of  
t h e  N a t i o n a l  P r e v e n t i v e  D e n t i s t r y  Demonstration Program - t h e  Chicago- 
based American Fund f o r  Dental  H e a l t h ,  a n o n p r o f i t  group t h a t  raises 
funds f o r  d e n t a l  r e s e a r c h ,  educa t ion  and h e a l t h - c a r e  d e l i v e r y .  A t o t a l  
of a lmost  30,000 c h i l d r e n  aged 5 t o  14 were examined over  a four-year 
per iod  i n  10 communities. I n  h a l f  of t h e  communities, f l u o r i d e  w a s  be- 
ing added t o  d r i n k i n g  water. The program focused on f o u r  caries pre- 
v e n t i o n  techniques :  s e a l a n t s ,  p r o f e s s i o n a l  t e e t h  c l e a n i n g  w i t h  a f l u -  
o r i d e  p a s t e  followed by f l u o r i d e  g e l  t rea tment  every  s i x  months, week- 
l y  r i n s e s  w i t h  f l u o r i d e  mouthwashes and, i n  n o n f l u o r i d a t e d  communities, 
a d a i l y  f l u o r i d e  t a b l e t ,  accompanied by classroom i n s t r u c t i o n s  on den- 
t a l  h e a l t h ,  plaque c o n t r o l  through brushing ,  f l o s s i n g  and use  of  f luo-  
r i d e  t o o t h p a s t e s .  

The program's  goa l  was t o  determine which, i f  any,  combination of 
these  p r e v e n t i v e  measures would e l i m i n a t e  chi ldhood d e n t a l  decay and a t  
what c o s t .  

In 1981, t h e  Nat iona l  I n s t i t u t e  of  Dental  Research confirmed w i t h  
i t s  own d a t a  t h a t  c h i l d r e n  5 t o  1 7  y e a r s  of age now exper ience  one- 
t h i r d  fewer c a v i t i e s  than  p r e v i o u s l y  recorded i n  n a t i o n a l  surveys .  Over- 
a l l ,  60% o f  t h e  c a v i t i e s  occur red  i n  20% of t h e  c h i l d r e n ;  those  a f f e c t -  
ed were among those  i n  t h e  c a r i e s  p r e v e n t i o n  program. 

The mouth r i n s e  t a b l e t  program achieved ,  n o t  20-50% as a n t i c i p a t e d  
but ,on ly  21.4% r e d u c t i o n  i n  t h e  four-year  per iod  - even t h i s  r a t e  occur-  
red i n  o n l y  one of t h e  groups.  On t h e  average ,  less than one too th  sur -  
f a c e  was spared  from decay (28 permanent t e e t h  c o n t a i n  128 s u r f a c e s ) .  
Those r e c e i v i n g  t h e  f u l l  b a t t e r y  of  a n t i c a r i e s  techniques  - s e a l a n t s ,  
t o p i c a l  a p p l i c a t i o n  of f l u o r i d e  p a s t e ,  g e l ,  mouthrinses  and t a b l e t s ,  i n  
n o n f l u o r i d a t e d  communities, p l u s  educa t ion ,  saved approximately two s u r -  
f a c e s  d u r i n g  t h e  four -year  t e s t .  

Unt rea ted  younger c h i l d r e n  from f l u o r i d a t e d  communities had one 
fewer decayed s u r f a c e  over  t h e  four-year per iod  than t h o s e  i n  nonfluo- 
r i d a t e d  communities. 
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Provid ing  r o u t i n e ,  s t a n d a r d i z e d ,  i n d i v i d u a l l y  a p p l i e d ,  p r e v e n t i v e  
d e n t i s t r y  procedures  t o  a l l  c h i l d r e n  can no longer  be j u s t i f i e d .  Under 
a new r e s e a r c h  i n i t i a t i v e ,  t h e  American Fund f o r  Dental  Heal th  has  be- 
gun work on developing a model t a r g e t  measure on t h e  h igh  r i s k  s e c t i o n s  
of t h e  p o p u l a t i o n ,  namely t h e  20% c u r r e n t l y  who are a f f l i c t e d  w i t h  60% 
of  t h e  c a v i t i e s .  

KEY WORDS: C a r i e s  prophylaxis ;  F l u o r i d e  t r e a t m e n t ;  Prevent ive  d e n t i s t r y  
program. 

MECHANISM OF THE MUTAGENIC ACTION OF FLUORINE 

by 

V. Ya. Nikiforova 
Sverdlovsk,  USSR 

(Abstracted from T s i t o l  Genet, 16:40-2, 1982) 
( i n  Russian)  

Doses of 1000 and 1500 ug KaF increased  mutat ion frequency i n  Salmonel la  
Typhimurium TA 1535 and TA 98 7-12 f o l d  and 9-17 f o l d  compared t o  t h e  c o n t r o l .  
The s u r v i v a b i l i t y  of t h e  microorganisms w a s  a l s o  s h a r p l y  reduced.  The muta- 
g e n i c  e f f e c t  of F i s  probably v i a  i n h i b i t i o n  of DNA r e p a i r  p rocesses .  

KEY WORDS: Ames Tes t ,  Mutagenis by f l u o r i d e ;  Salmonella; Typhimurium 
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NEW EVIDENCE ON FLUORIDATION 

by 

John Colquhoun 
Auckland, New Zealand 

(Abs t rac ted  from S o c i a l  Science & Medicine 19:1239-1246, 1984) 

During 1980 t h e  a u t h o r  made a world s tudy  t o u r  f o r  t h e  New Zealand De- 
par tment  of Heal th  i n  o r d e r  t o  i n v e s t i g a t e  and r e p o r t  upon t h e  c u r r e n t  s t a t e  

FLUORIDE 



16 A b s t r a c t  

o f  water f l u o r i d a t i o n  p r a c t i c e  and r e s e a r c h  i n  o t h e r  c o u n t r i e s .  "By far  t h e  
most s i g n i f i c a n t  o b s e r v a t i o n ,  d u r i n g  my t o u r , "  Dr. Colquhoun s ta tes  "was t h e  
growing e v i d e n c e  t h a t  t h e r e  h a s  been a d r a m a t i c  d rop  i n  d e n t a l  decay preva-  
l e n c e  i n  most of  t h e  developed c o u n t r i e s  of  t h e  w o r l d ,  and t h a t  t h i s  reduced 
p r e v a l e n c e  has  o c c u r r e d  a l s o  i n  areas where water f l u o r i d a t i o n  i s  n o t  p rac -  
t i s e d . "  Earlier d i f f e r e n c e s  between c h i l d  d e n t a l  decay rates i n  f l u o r i d a t e d  
and n o n f l u o r i d a t e d  a r e a s  In  New Zealand have now d i s a p p e a r e d  i n  most p l a c e s ,  
i n c l u d i n g  o u r  most populous r e g i o n ,  Auckland. The d i f f e r e n c e .  c l a imed  na t ion -  
a l l y  - around 15% f o r  DMF (mainly f i l l i n g s )  b u t  n o t  p e r c e n t  c a r i e s - f r e e ,  be- 
tween d i s s i m i l a r  p o p u l a t i o n s  - cou ld  be r e l a t e d  t o  o t h e r  v a r i a b l e s .  I t  i s  
a c t u a l l y  s m a l l e r  t han  d i f f e r e n c e s  p r e v i o u s l y  r eco rded  f o r  such  v a r i a b l e s  as 
o p e r a t o r  judgement on number o f  f i l l i n g s  r e q u i r e d ,  s o i l  compos i t ion  ( d i f f e r -  
e n c e s  up t o  5 7 % ) ,  and s o c i a l  class ( d i f f e r e n c e s  up t o  98%). A l so ,  t h e  per-  
c e n t a g e  of  c h i l d r e n  c a r i e s - f r e e  ( l o n g  a c c e p t e d  as a measure of t h e  e f f e c t i v e -  
n e s s  of  f l u o r i d a t i o n )  i s  more o f t e n  g r e a t e r  i n  n o n f l u o r i d a t e d  than  i n  f l u o r i -  
d a t e d  areas. 

R a t h e r  t h a n  p r e v e n t i n g  decay  by s y s t e m i c a l l y  i n c r e a s i n g  t h e  f l u o r i d e  con- 
t e n t  of sound enamel ,  f l u o r i d e  cou ld  mainly act  t o p i c a l l y  by a r r e s t i n g  decay 
i n  i t s  v e r y  e a r l y  s t a g e s .  The s y s t e m i c  d e n t a l  e f f e c t  of f l u o r i d e  - i n c r e a s e  
of  f l u o r i d e  i n  sound enamel - i s  n o t  as g r e a t  a n  advan tage  as was p r e v i o u s l y  
though t .  

Some e v i d e n c e  s u g g e s t s  a n  i n c r e a s e d  h a z a r d  b rough t  abou t  p a r t l y  because  
of i n c r e a s e d  i n t a k e  of  f l u o r i d e .  Two recogn ized  d e l e t e r i o u s  e f f e c t s  of f l u o -  
r i d e  i n  d r i n k i n g  w a t e r  are d e n t a l  f l u o r o s i s  and s k e l e t a l  f l u o r o s i s .  Even a t  
t h e  l o w  1 ppm f l u o r i d e  c o n c e n t r a t i o n  i t  i s  s t i l l  p o s s i b l e  f o r  some i n d i v i d -  
u a l s  i n  t h e  p o p u l a t i o n  t o  show more advanced (and p o s s i b l y  u n s i g h t l y )  enamel 
m o t t l i n g .  A rise i n  i n c i d e n c e  of  d e n t a l  f l u o r o s i s  i n  c h i l d r e n  h a s  b rough t  
a b o u t  r e d u c t i o n  i n  r ecogn ized  doses  of  f l u o r i d e  t a b l e t s .  I n c r e a s e d  f l u o r i d e  
i n  t h e  food c h a i n ,  f l u o r i d e - r i c h  baby foods  and swal lowing of f l u o r i d e  too th -  
p a s t e s  a r e  o t h e r  p o s s i b l e  c a u s e s .  Water f l u o r i d a t i o n ,  by c o n t r i b u t i n g  t o  t h e  
t o t a l  i n t a k e  of  f l u o r i d e ,  o b v i o u s l y  i n f l u e n c e s  such  e f f e c t s .  A r e c e n t  s t u d y  
conc ludes  t h a t  t h e r e  i s  no t h r e s h o l d  l e v e l ,  as f o r m e r l y  b e l i e v e d ,  f o r  f l u o -  
r i d e  t o x i c i t y .  

F a r  more s e r i o u s  i s  s k e l e t a l  f l u o r o s i s ,  which h a s  been s t u d i e d  most ex- 
t e n s i v e l y  i n  I n d i a ,  where t h e  d i s e a s e  is endemic.  The symptomatic ( p a i n f u l ,  
c r i p p l i n g  or deforming)  form of  t h e  d i s e a s e  o c c u r s  mos t ly  i n  a d u l t s ,  a f t e r  
l o n g  exposure  t o  h i g h  l e v e l s  of f l u o r i d e .  S k e l e t a l  f l u o r o s i s  h a s  a l s o  been 
r e p o r t e d  in c h i l d r e n .  However, s i n c e  t h e  e a r l i e r  asymptomatic  form (abnor- 
m a l  bone growth,  sometimes on ly  w i t h  vague p a i n s )  can be  d e t e c t e d  s o l e l y  by 
X-ray, i t  i s  n o t  a lways d i s c o v e r e d .  I t  can be misdiagnosed as o s t e o  or rheu- 
matoid a r t h r i t i s ,  and in I n d i a  h a s  been a s s o c i a t e d  w i t h  less t h a n  1 ppm water 
f l u o r i d e  l e v e l s .  

S u b t l e  d e l e t e r i o u s  e f f e c t s  from even earlier s u b c l i n i c a l  s t a g e s  of s k e l -  
e ta l  f l u o r o s i s  can  on ly  be r e s o l v e d  by f u r t h e r  r e s e a r c h .  Lack of  obv ious  harm 
i s  only p a r t l y  r e a s s u r i n g .  It is  known t h a t  some k i n d s  of  s u b t l e  e f f e c t s  c o u l d  
n o t  be  d e t e c t e d  w i t h o u t  t h e  most me t i cu lous  e p i d e m i o l o g i c a l  i n v e s t i g a t i o n s .  

I n  a d d i t i o n  t o  i t s  d i r e c t  i n f l u e n c e  on human h e a l t h ,  minute  f l u c t u a t i o n s  
i n  t h e  l e v e l  of a i r b o r n e  and water f l u o r i d e  can a f f e c t  v e g e t a t i o n  and a q u a t i c  
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l i f e ,  accord ing  t o  a r e p o r t  by t h e  Nat iona l  Research Counci l  of Canada on en- 
v i romenta l  f l u o r i d e .  The Danish Enviromental P r o t e c t i o n  Agency and the Swed- 
i s h  F l u o r i d e  Commission have r e j e c t e d  f l u o r i d a t i o n  because of  t h e  combined 
long-term environmental  e f f e c t s  of f l u o r i d e .  

I n  view of a reduced b e n e f i t  from f l u o r i d a t i o n ,  f o l l o w i n g  t h e  widespread 
reduced preva lence  of d e n t a l  decay,  use of t o p i c a l  f l u o r i d e ,  though not  with- 
o u t  i t s  own r i s k s ,  appears  t o  be a n  e f f e c t i v e  a l t e r n a t i v e .  

KEY WORDS: F luor ida t ion , reduced  b e n e f i t s ;  F l u o r o s i s  i n c r e a s e ;  F- t o x i c  e f f e c t ;  
Reduced d e n t a l  decay;  Topica l  f l u o r i d e  use .  
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FLUORIDE I N  MIXED HUMAN SALIVA AFTER DIFFERENT 
TOPICAL FLUORIDE TREATMENTS AND POSSIBLE 

RELATION TO CARIES I N H I B I T I O N  

by 

C. Bruun, D. Lambrou, M . J .  Larsen ,  0. Fe jerskov,  
and A. T h y l s t r u p  

Copenhagen, Denmark 

(Abs t rac ted  from Community Dent. Oral Epidemiol. 10:124-129, 1982) 

I n  t h e  p r e s e n t  s t u d y  t h e  a u t h o r s  have a t tempted  t o  re la te  measurements 
of f l u o r i d e  c o n c e n t r a t i o n s  i n  mixed s a l i v a  fo l lowing  v a r i o u s  forms of t o p i c a l  
t r e a t m e n t s  w i t h  a v a i l a b l e  f i n d i n g s  from cor responding  c l i n i c a l  t r i a l s .  I t  i s  
e s t i m a t e d  t h a t  a c a r i e s  r e d u c t i o n  of about  30% might be o b t a i n e d  from any of 
t h e s e  t r e a t m e n t s .  

No s imple  r e l a t i o n s h i p  between f l u o r i d e  l e v e l s  i n  s a l i v a  and c a r i e s  re- 
d u c t i o n  w a s  observed.  The p o t e n t i a l  of r e m i n e r a l i z i n g  s o l u t i o n s  l i k e  s a l i v a  
i s  markedly i n c r e a s e d  by t h e  presence  of  f l u o r i d e  i o n s  i n . c o n c e n t r a t i o n s  a s  
low as about  1 ppm o r  even lower. The h i g h e r  caries r e d u c t i o n s  o b t a i n e d  w i t h  
s u p e r v i s e d  too thbrushing  as compared w i t h  unsupervised b r u s h i n g  may i n  p a r t  
be r e l a t e d  t o  t h e  c o n t r o l l e d  removal of p laque ,  which may f a c i l i t a t e  t h e  ac- 
t i o n  of f l u o r i d e .  

I n  c o n c l u s i o n ,  caries i n h i b i t i o n  o b t a i n e d  from any of t h e s e  t rea tments  
can be  a s c r i b e d  t o  t h e  c a p a c i t y  of f l u o r i d e  i n  t h e  l o c a l  environment t o  re- 
duce caries p r o g r e s s i o n  a t  c l i n i c a l  and s u b c l i n i c a l  levels .  

KEY WORDS: Caries i n h i b i t i o n ;  S a l i v a r y  f l u o r i d e ;  T o p i c a l  f l u o r i d e s .  

R e p r i n t s :  C. Bruun, Dept. of Car io logy ,  Royal Dental  Col lege ,  160 J a g t v e j ,  
DK-2100 Copenhagen 0, Denmark. 
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FLUORIDE I N  HUMAN MILK 

by 

C . J .  Spak,  L . I .  H a r d e l l ,  and P. DeChateau 
Stockholm,  Sweden 

( A b s t r a c t e d  from Acta P a e d i a t r  S c a n . ,  72:699-701, 1983)  

The a i m  o f  t h i s  s t u d y  w a s  t o  d e t e r m i n e  t h e  F- c o n t e n t  i n  human m i l k  as- 
s o c i a t e d  w i t h  d i f f e r e n t  l eve l s  o f  F- i n t a k e  u s i n g  a s i l i c o n - f a c i l i t a t e d  m i -  
c r o - d i f f u s i o n  t e c h n i q u e ,  c a p a b l e  o f  good a c c u r a c y  and  p r e c i s i o n .  The mean F- 
c o n c e n t r a t i o n  o f  c o l o s t r u m  w a s  0.28 2 0.02 umol / l .  The d i f f e r e n c e  between 
t h e  samples  f rom t h e  two f l u o r i d e  areas was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

In b r e a s t m i l k  c o l l e c t e d  from 10 mothe r s  a t  d i f f e r e n t  t i m e s  d u r i n g  a 24- 
hour  p e r i o d ,  n o  d i u r n a l  d i f f e r e n c e s  i n  F c o n t e n t  were o b s e r v e d .  In a sub-  
g r o u p ,  t h e r e  were no, d i f f e r e n c e s  i n  F- c o n c e n t r a t i o n  between t h e  f i r s t ,  t h e  
mid and t h e  las t  p o r t i o n  of t h e  m i l k .  

E k s t r a n d  e t  a l .  o b s e r v e d  t h a t  a d m i n i s t r a t i o n  o f  1 . 5  mg F t o  t h e  m o t h e r ,  
does  n o t  i n f l u e n c e  t h e  F c o n c e n t r a t i o n  o f  h e r  b r e a s t m i l k .  On t h e  o t h e r  hand ,  
Elsala e t  a l .  found h i g h e r  F l eve ls  i n  human m i l k  from a 1 . 7  ppm F area t h a n  
i n  a c o n t r o l  ( 0 . 2  ppm) area. Thus, c h r o n i c  e x p o s u r e  t o  h i g h  f l u o r i d e  levels 
i n d u c e s  a s l i g h t  i n c r e a s e .  

I n  a n  i n f a n t  o f  t h e  same a g e ,  r e c e i v i n g  w a t e r - d i l u t e d  baby  fo rmula .  F- 
i n t a k e  w i l l  b e  much h i g h e r  b e c a u s e  o f  t h e  F- c o n t e n t  o f  t h e  w a t e r .  In t h e  
0 . 2  ppm area,  t h e  d a i l y  i n t a k e  w i l l  b e  a b o u t  160  pg w h e r e a s  i n  t h e  1 .0  ppm 
area i t  w i l l  b e  a b o u t  8OOwg. a b o u t  30 and  160  f o l d  t h e  i n t a k e  o f  t h e  b r e a s t  
f e d  i n f a n t  i n  t h e  r e s p e c t i v e  areas. 

In c o n c l u s i o n  d u r i n g  e a r l y  i n f a n c y ,  when b r e a s t m i l k  i s  t h e  p redominan t  
s o u r c e  of f o o d ,  t h e  i n f a n t  w i l l  have  a v e r y  low F i n t a k e ,  r a n g i n g  between 
5 t o  10 p g  p e r  day .  

KEY WORDS: B r e a s t m i l k ;  F l u o r i d e  i n t a k e ;  Human m i l k ;  I n f a n t s .  

R e p r i n t s :  Department  o f  C a r i o l o g y  a n d  Pharmacology,  Schoo l  o f  D e n t i s t r y  Kar- 
o l i n q k a  I n s t i t u t e ,  S tockho lm,  Sweden 
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ABSTRACTS FROM FOLIA MEDICA CRACOVIENSIA 

D r .  Zdzislaw Mach, E d i t o r  
Krakow, Poland 

The fo l lowing  a r e  a b s t r a c t s  of papers  which were publ ished i n  an issue 
of F o l i a  Medica Cracoviens ia ,  devoted e n t i r e l y  t o  f l u o r i d e  (Kraknow, Po- 
l a n d ,  Vol 23, Nos. 3 - 4 ) .  1981. 

K. Lejman, K.  Szwarc, and Z.F. Szydlowski of  Krakow r e p o r t e d  s k i n  le -  
s i o n s  i n  workers of  t h e  e l e c t r o l y s i s  department  of  t h e  Skawina Aluminum 
p l a n t .  The e f f e c t s  occur red  i n  10% of  workers employed between 13 and 
20 y e a r s  and exposed t o  f l u o r i n e  compounds. Maculo-vascular l e s i o n s  of  
t h e  s k i n  - not  s u r p a s s i n g  1 c m  i n  d iameter  - were l o c a l i z e d  preponderant-  
l y  on t h e  t runk.  T h e i r  h i s t o p a t h o l o g i c a l  s t r u c t u r e  i n d i c a t e d  damage to  
e l a s t i c  f i b e r s  and co l lagenous  bundles  and of  t h e  w a l l s  of t h e  blood ves- 
sels i n  t h e  upper l a y e r s  of t h e  s k i n  as w e l l  as d e s t r u c t i o n  of  lanuga 
h a r i s  and a t rophy of t h e i r  f o l l i c l e s  (page 360). 

Regarding t h e  e f f e c t  of f l u o r i d e  on the  locomotor system, E.  Czer- 
winski ,  A .  Skolarczyk,  and J. Dutka, a l s o  of  Krakow, who examined c l i n i c -  
a l l y  200 aluminum p l a n t  workers i n  Sakwina and KiZPS "Siarkopol" ,  w i t h  
prolonged f l u o r i d e  exposure,  observed t h a t  p a i n  i n  t h e  lumbar s p i n e  and 
j o i n t s  occur red  f r e q u e n t l y .  Among r a d i o l o g i c a l  changes,  t h e  most f r e -  
quent  were marginal  os teophytes  of  t h e  v e r t e b r a l  bodies ,  o s s i f i c a t i o n  
of muscle a t tachments ,  l igaments  and i n t e r o s s e o u s  membranes. I n  a l l  ca- 
ses, u r i n a r y  f l u o r i d e  was e l e v a t e d  (p. 367). 

In  recent  y e a r s ,  i n  Krakow and ne ighbor ing  Skawina, where f l u o r i d e s  
a r e  r e l e a s e d  from chemical f a c t o r i e s ,  K .  Dluzniewska, 2. Krzyzewski, and 
B. Wojtowicz found t h a t  t h e  mean c o n c e n t r a t i o n  of  a tmospheric  f l u o r i d e  
f o r  a 24-hour per iod  exceeded, i n  about  25% of  t h e  samples, t h e  MAC val -  
ues  of  9.01 mg F/m3 f o r  t h i s  p e r i o d .  The mean y e a r l y  v a l u e s  of  f l u o r i d e  
were 2 t o  4 times t h e  MAC f o r  a one-year p e r i o d .  I n  c i r c a  30% samples of  
i n f a n t  formulas  (human milk inc luded)  and i n  meals of  small c h i l d r e n ,  f l u -  
o r i d e  i n t a k e  exceeded t h e  maximal s a f e  amount of t h i s  micro-element. I t  
was a s s o c i a t e d  w i t h  a rise i n  f l u o r i d e  c o n c e n t r a t i o n  i n  about  30% of  t h e  
morning u r i n e  samples of  young c h i l d r e n  examined i n  Krakow and Skawina ( p .  
340). 

With r e s p e c t  t o  t h e  t o x i c  e f f e c t  of f l u o r i d e  compounds on t h e  r e s p i r -  
a t o r y  system E. Nikodemowicz observed,  among f l u o r i d e  compounds, t h a t  h y  
drogen (HF) i s  t h e  most i r r i t a n t  t o  t h e  mucous membrane of t h e  b r o n c h i a l  
tree. I n  gaseous form, i t  p e n e t r a t e s  t h e  b r o n c h i a l  tree as f a r  as t h e  a l -  
v e o l a r  ep i the l ium.  Consequently, d e s t r u c t i o n  o c c u r s  fol lowed by pulmonary 
emphysema and r e s p i r a t o r y  i n s u f f i c i e n c y  w i t h  i n s t a b i l i t y .  Symptoms of  a l -  
v e o l a r  t r a n s u d a t i o n  predominate w i t h  m u l t i p l e  mois t  rhonchi .*  
c i a l  form of b r o n c h i t i s  which develops  a f t e r  i n h a l a t i o n  of  f l u o r i d e  c o w  
pounds as w e l l  as t h e  r o l e  of smoking i n  r e s p i r a t o r y  i n s u f f i c i e n c y  war- 
r a n t s  f u r t h e r  s t u d y  (p.  345). 

This  spe- 

According t o  M .  S t e r e c k i ,  who discussed  p r o f e s s i o n a l  d i s e a s e s  assoc-  

* HaLLJiirg or w h i s t l i n g  sound i n  r e s p i r a t i o n .  
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c i a t e d  w i t h  f l u o r i d e ,  t h e  number o f  cases of i l l n e s s  among w h i t e  c o l l a r  
worke r s  a t  a n  aluminum p l a n t  w a s  210 times h i g h e r  t h a n  t h e  mean morb id i -  
t y  i n  other Kracow d i s t r i c t  p l a n t s .  Among p r o f e s s i o n a l s ,  i n  t h e  Kracow 
d i s t r i c t ,  m o r b i d i t y  v a l u e s  were 40% h i g h e r  t h a n  t h o s e  i n  t h e  e n t i r e  
c o u n t r y .  The number o f  s i c k  leaves caused  by r e s p i r a t o r y  and c a r d i o v a s -  
c u l a r  d i s e a s e s  i n  t h e  same aluminum p l a n t  is  h i g h e r  by 250% and 280% 
r e s p e c t i v e l y ,  t h a n  mean v a l u e s  f o r  t h e  e n t i r e  c o u n t r y ;  i n  t h e  Kracow d i s -  
t r i c t  t h e y  w e r e  a b o u t  40% h i g h e r  t h a n  t h o s e  f o r  t h e  e n t i r e  c o u n t r y .  The 
number of  cases of  m u s c u l o s k e l e t a l  d i s e a s e s  i n  t h e  above-mentioned a lumi -  
num p l a n t  worke r s  and i n  t h e  whole Kracow d i s t r i c t  when compared w i t h  
t h e  t o t a l  mean v a l u e  f o r  t h e  c o u n t r y  are h i g h e r  by 340% and  30% respec -  
t i v e l y .  The c a u s e s  o f  s u c h  a n  e p i d e m i o l o g i c a l  s i t u a t i o n  are v e r y  com- 
p l e x  b u t  t h e  a c t i o n  of  f l u o r i d e  as an a g g r e s s i v e  a g e n t  f o r  humans work- 
i n g  i n  t h e  above-mentioned aluminum p l a n t  as w e l l  as f o r  t h o s e  l i v i n g  
i n  t h e  Kracow d i s t r i c t  s h o u l d  no t  b e  d i s r e g a r d e d  (p .  383). 

To d e t e r m i n e  t h e  e n v i r o n m e n t a l  i n f l u e n c e  o f  f l u o r i d e  i n  aluminum 
f a c t o r y  w o r k e r s ,  H. Mlynarska of Krakow, Po land ,  pe r fo rmed  661  r e s t i n g  
e l e c t r o c a r d i o g r a w  which were compared w i t h  477 o f  w h i t e - c o l l a r  worke r s .  
R igh t  v e n t r i c u l a r  h y p e r t r o p h y  as w e l l  as  o t h e r  a b n o r m a l i t i e s  were de- 
t e c t e d .  An ex t r eme  p a t t e r n  o f  advanced r i g h t  v e n t r i c u l a r  h y p e r t r o p h y  i n  
a l l  age  g roups  o f  aluminum f a c t o r y  worke r s  and i n c r e a s e d  r e s i s t a n c e s  i n  
pulmonary c i r c u l a t i o n  w a s  m a n i f e s t  (p .  4 1 4 ) .  

Whereas t h e  maximum c o n c e n t r a t i o n  o f  F i n  a i r  i n  Po land  i s  0.01 mg 
F/m3, t h a t  i n s i d e  some f a c t o r i e s  a t  t h e  p l a c e  o f  work i s  20.5 mg/m3. To- 
t a l  a b s o r p t i o n  d u r i n g  8 h r s .  a t  work i s  > 2 mg. I n  aluminum p l a n t s  i t  
is many times h i g h e r .  A l l e r g i c  r e s p o n s e s  t o  F- i n  water a t  t h e  P o l i s h  
norm, are  f r e q u e n t .  I n  7-12 y e a r  o l d  c h i l d r e n ,  who o b t a i n e d  0.5 mg F/day 
up t o  age  3, t h e  number o f  t e e t h  had d e c r e a s e d  and f l u o r o s i s  o €  t e e t h  
w a s  common. I n  t h e  l a s t  12 y e a r s  f rom 1968 t o  1980,  1 .4% o f  t h e  alumi-  
num p l a n t  worke r s  i n  Skawina were f o r c e d  t o  re t i re  e a r l y  due t o  poor  
h e a l t h  and i l l n e s s ,  63% of them due t o  r e s p i r a t o r y  p rob lems  i n  t h e  bron- 
c h i a l  tree. Because 3 / 4  o f  t h e  worke r s  were a l so  heavy smoker s ,  add i -  
t i o n a l  s t u d i e s  are needed to  p r o v e  t h a t  F+ i s  t h e  p r i n c i p a l  c a u s e  of  
t h e i r  problem (p .  343) .  

Withou t  n e c e s s a r y  a i r  p o l l u t i o n  c o n t r o l ,  t h e  aluminum p l a n t  i n  Ska- 
wina emits 22.000 t o n / y e a r  d i r e c t l y  i n t o  t h e  a i r .  I n  1980 ,  23,367 t o n s  
of  f l u o r i d e  were e m i t t e d  i n t o  t h e  a tmosphe re ,  48.24 k g  F/g o f  aluminum, 
40 times more t h a n  t h e  l i m i t .  The wor ld  norm is  1.0-1.5 k g  F / t .  The 
s o i l ,  3-4 km from t h e  p l a n t ,  c o n t a i n e d  400-3200 ppm; t h a t  i n  Kracow 
150 ppm; t h e  a v e r a g e  i n  t h e  c o u n t r y  is 80 ppm (page  3 7 6 ) .  
l n e s s  f o r  p e o p l e  work ing  w i t h i n  5 km o f  t h e  aluminum p l a n t  is 600 times 
h i g h e r  t h a n  t h e  a v e r a g e  f o r  t h e  e n t i r e  c o u n t r y  (page 3 7 8 ) .  Absence from 
work a t  t h e  aluminum p l a n t  w a s  32 d a y s  p e r  worke r ,  20 d a y s  f o r  t h o s e  i n  
Kracow and 16 .5  p e r  worke r  f o r  Po land  as a whole (page 3 8 0 ) .  I n  h i g h l y  
p o p u l a t e d  i n d u s t r i a l  J a p a n ,  i n t a k e  o f  f l u o r i d e  p e r  day is h i g h e r  t h a n  11 
mg. Longterm e x p o s u r e  l e a d s  to  r e s p i r a t o r y  p rob lems ,  bone f l u o r o s i s ,  i n -  
t e r a c t i o n  o f  F- complex on many enzymat i c  sys t ems .  HF d i s s o l v e s  SiO2 
l e a d i n g  t o  d e s t r u c t i o n  o f  b u i l d i n g s ,  e t c .  (page  325). 

The r i s k  o f  il- 

Address: 31-121 Krakow, u l .  Czysta 18, Poland 
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