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The Fourteenth Conference of the International Society for Fluoride 
Research wil l  be held in Morioka, Japan, June 12-15, 1985, at  the 
lwate Medical Association Hall. The Program Committee is now 
soliciting abstracts (up to  300 words) of papers dealing with any aspect 
of fluoride research for presentation at  the conference. Abstracts 
should be written in English in the format shown below and sent 
by the end of February, 1985 to: Professor Humio Tsunoda, Dept. 
of Hygiene and Public Health, School of Medicine, lwate Medical 
University, Morioka 020 Japan. 

Note: Morioka, a c i ty  of 250,000 and the historical capital of 
lwate Prefecture, is located about 500 km (300 mi) north of Tokyo 
on Honshu, the main island of Japan. Bullet Train service from Tokyo 
to Morioka is scheduled to  begin March, 1985. Domestic airline service 
from Tokyo is also available. 

ABSTRACT - Please be brief - 300 words maximum i f  possible. Ti t le 
of paper should be ALL CAPS; author(s) listed by f irst name, middle 
initial, last name; indicate ful l  address w/zip code. Single space, black 
carbon ribbon. 



GUEST EDITORIAL 

FLiiORIDE MAXIMUM IN DRINKING WATER 

The task of setting safe maximum levels for fluoride in drinking wa- 
ter is particularly challenging because, as generally agreed, the concen- 
trations at which harmful dental effects are clearly evident in humans art 
only slightly higher - and sometimes even lower - than those conmonly con 
sidered optimal for reduction of tooth decay (1). !4oreover, numerous un- 
refuted cases of objective, symptomatic medical illness have been docu- 
mented even at the recommended fluoride level of about 1 mg/L (lppm) ( 2 ) .  

For the most part, investigations of the dental effects of fluoride 
in public water systems have made no provision to assess any differential 
dental or general health effects within the population under study. Thus, 
despite the known greater susceptibility to toxic effects of fluoride ion 
by persons with impaired kidney function and other ailments, comparatively 
little effort seems to have been made to identify and examine those seg- 
ments of the population at increased risk. For example, in a follow-up 
study in Newburgh, N.Y. after ten years of fluoridation of the drinking 
water at 1.0-1.2 mg F/L, children were found to have a statistically sig- 
nificant greater incidence of cortical bone defects and hemoglobin anemia 
than children in the nearby unfluoridated control city of Kingston ( 3 ) .  
These findings have never been explained satisfactorily or explored for 
further delineation. 

Recently, a dental officer in New Zealand noted that statistical da- 
ta regularly collected by that country's Health Department showed no sig- 
nificant difference in dental health of children living in fluoridated 
(1 mg/L) and nonfluoridated areas as measured by permanent tooth filling 
rates and by the mean number of decayed, missing, and filled teeth (DMFT). 
At the same time, the incidence of disfiguring dental fluorosis in the 
form of symmetrical, developmental diffuse enamel opacities was alarming- 
ly high in the fluoridated areas of his district (Auckland) but virtual- 
ly absent in the neighboring nonfluoridated ones ( 4 ) .  These observations, 
together with previous research ( 5 ) ,  prompted him to re-examine the rela- 
tionship between child dental treatment requirements and socio-economjc 
(mainly income) level. When the data were tabulated in relation to both 
income level and freedom from dental caries, the caries-free percentage 
was consistently higher (statistically significant) in the areas to which 
no fluoride was being added to the water ( 6 ) .  

Thus, the analysis of dental health according to family income level 
succeeded in identifying an inverse relationship between water fluoride 
level and dental health that was obscured by gross comparison with water 
fluoride only. Nevertheless, gross comparisons d 2  identify a significant 
deleterious effect in the form of dental fluorosis. 

Evidence of this nature argues strongly for reassessment of currentl, 
recommended fluoride levels in drinking water with specific attention tr 
general health levels in the population. Those who are aged, ill, malnour- 
jshed, o r  otherwise less able to withstand a continual physiological in- 



s u l t  must be t h e  major  c o n s i d e r a t i o n  i n  s e t t i n g  a maximum con taminan t  l ev -  
e l  f o r  f l u o r i d e .  T h i s  would b e  t r u e  i r r e s p e c t i v e  o f  any demons t r ab le  ben- 
e f i t s  of f l u o r i d e  a t  any l e v e l  i n  d r i n k i n g  w a t e r .  Today, when d e n t a l  f l u -  
o r o s i s  is  i n c r e a s i n g  worldwide and comparable  d e c l i n e s  i n  t o o t h  decay are 
o c c u r r i n g  i n  a r e a s  w i t h  nominal  f l u o r i d e  l e v e l s  of z e r o  and 1 mg/L. ( 7 ) ,  
i t  is u r g e n t  t h a t  t h o s e  less competent  segments  of t h e  p o p u l a t i o n  b e  t h e  
major c o n s i d e r a t i o n  i n  s e t t i n g  a maximum l e v e l .  

The a s ses smen t  o f  d r i n k i n g  waters n a t u r a l l y  c o n t a i n i n g  f l u o r i d e  a d d s  
f u r t h e r  c o n s i d e r a t i o n s .  A l k a l i n e  e a r t h  m e t a l s  such  as ca lc ium,  magnesium, 
and s t r o n t i u m  normally p r e s e n t  i n  such  waters e x e r t  a b u f f e r i n g  a c t i o n  and 
i n f l u e n c e  t h e  e f f e c t  of f l u o r i d e  i o n  on humans (8) .  C a r e f u l  s t u d y  of 
d r i n k i n g  water s u p p l i e s  c o n t a i n i n g  n a t u r a l l y  s i g n i f i c a n t  l e v e l s  o f  f l u o -  
r i d e  and a l k a l i n e  e a r t h s  shou ld  p r o v i d e  v a l u a b l e  gu idance  i n  s e t t i n g  econ- 
o m i c a l l y  a t t a i n a b l e  s a f e  levels o f  f l u o r i d e  i n  such  waters. 

The s e t t i n g  o f  a maximum contaminant  l e v e l  f o r  f l u o r i d e  i n  d r i n k i n g  
w a t e r  is based  on t h e  a s sumpt ion  t h a t  a known o r  maximum q u a n t i t y  of wa- 
ter w i l l  be  i n g e s t e d  by i n d i v i d u a l s .  This view is o b v i o u s l y  n o t  t r u e  b u t  
p r e s e n t s  a p a r t i c u l a r l y  d i f f i c u l t  judgment i n  s e t t i n g  a l e v e l  because kid-  
ney-impaired and o t h e r  ill o r  ma lnour i shed  pe r sons  may consume more t a p  
water and have  less access t o  a l t e r n a t i v e  water s o u r c e s  t h a n  o t h e r s .  Fur- 
thermore,  t h e  now-recognized e x c e p t i o n a l l y  s t r o n g  hydrogen bond between 
f l u o r i d e  i o n  and amides (9) and i t s  a b i l i t y  t o  i n t e r f e r e  w i t h  DNA syn the -  
sis and o t h e r  c e l l  f u n c t i o n s  (10) c l e a r l y  a r g u e  f o r  s e t t i n g  t h e  f l u o r i d e  
l e v e l  i n  d r i n k i n g  w a t e r  as low as p o s s i b l e .  

A s  a chemica l  e n g i n e e r ,  businessman,  e d i t o r  o f  a t e c h n i c a l  j o u r n a l ,  
and concerned c i t i z e n  who h a s  made a n  e x t e n s i v e  s t u d y  o f  t h e  s c i e n t i f i c  
l i t e r a t u r e  o n  f l u o r i d e ,  I u r g e  t h a t  t h e  maximum con taminan t  l e v e l  f o r  t h i s  
i o n  b e  set as f a r  below 1 mg/L as economica l ly  f e a s i b l e  (11). 
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CORRELATION BETWEEN OCCURRENCE OF FLUORIDE I N  
GROUND AND SURFACE WATER RESOURCES AND 

DENTAL FLUOROSIS I N  KENYA 

K.R. N a i r ,  and J . N .  Gitonga 
Nairobi ,  Kenya 

SUMMARY: I n  Kenya endemic f l u o r o s i s  has  been chronic  f o r  
over  30 years .  
showed t h a t  the f l u o r i d e  content  of ground water i n  Kenya 
ranged from 0 .1  ppm t o  over  1 ppm i n  the  major i ty  of sam- 
p l e s .  Surface water contained a maximum of 34 ppm. Over 
30X of Kenya's populat ion s u f f e r s  from d e n t a l  f l u o r o s i s  
and, i n  i s o l a t e d  reg ions  where t h e  people depend on 
ground water f o r  domestic use,  n e a r l y  100% of t h e  popula- 
t i o n  mani fes t s  varying degrees  of d e n t a l  f l u o r o s i s .  This 
paper g ives  a genera l  p i c t u r e  of the  endemicity of den- 
ta l  f l u o r o s i s  i n  Kenya and d iscusses  the  p o s s i b l e  reasons 
t h a t  c o n t r i b u t e  t o  v a r i a t i o n s  i n  incidence and s e v e r i t y  
of d e n t a l  f l u o r o s i s  . 

A long-term study conducted by t h e  a u t h o r s  

KEY WORDS: F luor ides ;  Occurrence; Dental f l u o r o s i s ;  Boreholes; Kenya, 
Ground water; Surface water 

In t roduct ion  

Dental f l u o r o s i s ,  which has  been endemic i n  Kenya f o r  over  30 y e a r s  
(1-10). c o n s t i t u t e s  one of i t s  major publ ic  h e a l t h  problems. Drinking wa- 
ter is  Kenya's major source of f l u o r i d e  ion ,  e s p e c i a l l y  i n  those  reg ions  
of  t h e  country a s s o c i a t e d  w i t h  volcanic  rocks and h o t  s p r i n g s  (10,11,20). 
Other  important  sources  inc lude  food and dr ink  (1,13) as w e l l  as d u s t  i n  
some l a k e  b a s i n s :  f o r  example, around Lake Nakuru. the  dust has been 
shown t o  have concent ra t ions  of f l u o r i d e  which range between 2800 and 
5600 ppm (10). 

Ground and s u r f a c e  water form a major source of domestic supply 
t h e  major i ty  of Kenya's populat ion (4) s i n c e  only about  20% of the  popula- 
t i o n  has access t o  piped water (4,14,15). Although t h e  country has  numer- 
ous r i v e r s  and streams, because t h e  major i ty  of them c o n t a i n  w a t e r  
dur ing  ra iny  seasons ( 4 , l l )  ground water is i n  demand. Water from t h e s e  
sources ,obta ined  by digging h o l e s  i n  r i v e r  beds o r  by d r i l l i n g  boreholes ,  
is genera l ly  consumed r a w  w i t h  l i t t l e  or no t reatment .  

f o r  

only 

The major t h r e a t  t o  water q u a l i t y  i n  Kenya is its high f l u o r i d e  con- 
t e n t  (16,17), p a r t i c u l a r l y  i n  t h e  R i f t  Val ley region (with v a s t  vo lcanic  
s o i l )  which b i s e c t s  the  country from nor th  t o  south.  The major i ty  of Ken- 
y a ' s  popula t ion  is concentrated i n  and around the  province.  Besides ,  i n  

From t h e  Dept. of Dental Surgery and Dept. of C i v i l  Eng., Univers i ty  of 
Nairobi ,  Nairobi ,  Kenya. Presented a t  t h e  13th conference of t h e  I n t e r -  
n a t i o n a l  S o c i e t y  f o r  F luor ide  Research, Nov. 14-17, 1983, New Delhi,India-. 
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t h i s  t h i c k l y  populated region,  i s o l a t e d  pockets of f luoride- laden s o i l  a r e  
found a l l  over  t h e  country. Water from many boreholes has  been r e j e c t e d  
by h e a l t h  o f f i c i a l s  due t o  i t s  f l u o r i d e  conten t  which is, occas iona l ly ,  
above 100 ppm. Boreholes are expensive t o  b u i l d ;  when r e j e c t e d ,  consider-  
a b l e  money is wasted. Even worse, no r e l i a b l e  method is a v a i l a b l e  a t  pre- 
s e n t  t o  foresee ,  i n  advance, t h e  l e v e l  of f l u o r i d e  i n  water from a bore- 
h o l e  p r i o r  t o  e x t r a c t i o n  and a n a l y s i s .  In  some areas, t h e r e f o r e ,  people 
have been obl iged  t o  consume water with f l u o r i d e  l e v e l s  w e l l  over 5 ppm. 
Because the  income of the  major i ty  of the  r u r a l  populat ion i s  low, i t  is 
d i f f i c u l t  f o r  them t o  a f f o r d  proper  water t reatment .  However, when t h e  
h e a l t h  of t h e  populat ion i s  threatened,  i t  becomes necessary t o  take  mea- 
s u r e s  t o  safeguard i t  ( 1 7 ) .  Although urban c e n t e r s  have improved water sup- 
p l y  systems i n  many cases , inc luding  the c a p i t a l  c i t y  of Nai robi ,  they a r e  
inadequate  f o r  a l l  i n h a b i t a n t s .  Hence t h e  p e r i p h e r a l  popula t ions  of urban 
a r e a s  face  a s i t u a t i o n  similar t o  t h a t  i n  r u r a l  a r e a s .  

Corre la t ion  between f l u o r i d e  i n t a k e  and d e n t a l  as w e l l  as s k e l e t a l  
f l u o r o s i s  is w e l l  documented (18-25) .  However, i n  Kenya, u n t i l  the  pre- 
s e n t  s tudy w a s  i n i t i a t e d  by t h e  au thors  i n  1977, research  i n  t h i s  f i e l d  
w a s  minimal l a r g e l y  due t o  inadequate  p r o f e s s i o n a l  manpower and technology. 
Probably t h e  f i r s t  a t tempt  t o  s tudy  the  occurrence and d i s t r i b u t i o n  of 
f l u o r i d e  i n  ground waters  i n  Kenya was made by Williamson (10) who e x a m  
ined t h e  a v a i l a b l e  r e s u l t s  from analyses  of some 200 samples, by t h e  gov- 
ernment chemist ,of  water f l u o r i d e  l e v e l s  from boreholes. The h i g h e s t  lev- 
e ls  of f l u o r i d e  repor ted  i n  t h i s  s tudy were 43.5 ppm i n  borehole  water, 
1640 ppm i n  Lake Elementai ta  and 2800 ppm i n  Lake Nakuru. 
who p l o t t e d  t h e  s p a c i a l  d i s t r i b u t i o n  of t h e  f l u o r i d e  i o n  concent ra t ion  of 
some 500 samples of water from boreholes ,  a r r i v e d  a t  a similar conclusion.  
Whereas both  s t u d i e s  i n d i c a t e d  t h e  l o c a t i o n  of high f l u o r i d e  areas i n  t h e  
country,  t h e  samples d id  not  adequately r e p r e s e n t  the e n t i r e  n a t i o n  ( 4 ) .  
No e x a c t  f i g u r e s  are a v a i l a b l e  on t h e  number of people who depend upon 
ground w a t e r  f o r  domestic use. I n  a survey of some 19.000 i n d i v i d u a l s  
c a r r i e d  out  by a W?IO/FAO/UNICEF a s s i s t e d  team, 44.1% had d e n t a l  f l u o r o s i s  
wi th  a community index of 1 .01 ( 3 ) .  

velopment Research Centre (Canada), the  Univers i ty  of Nai robi  and the  Min- 
i s t r y  of Water Development (Kenya) (4,6) c a r r i e d  out  by r e s e a r c h e r s  i n  t h e  
departments of Dental Surgery and C i v i l  Engineering of t h e  Univers i ty  of 
Nairobi ,  1286 samples of borehole  ground water and 149 samples of s u r f a c e  
water were analyzed f o r  t h e i r  f l u o r i d e  conten t  and over  34,090 people,from 
a l l  over  t h e  country,  were examined d e n t a l l y  f o r  evidence of denta l  f l u o r -  
o s i s .  The c u r r e n t  paper, based on r e s u l t s  obtained i n  t h a t  survey,  a t -  
tempts t o  c o r r e l a t e  t h e  l e v e l  of f l u o r i d e  w i t h  d e n t a l  f l u o r o s i s  in Kenya. 

Ogweny (261, 

Over t h e  last  5 years ,  i n  a s tudy sponsored by the  I n t e r n a t i o n a l  De- 

Material and Methods 

With t h e  h e l p  of Kenya's Minis t ry  of Water Development, w a t e r  samples 
w e r e  c o l l e c t e d  from boreholes  c u r r e n t l y  be ing  u t i l i z e d  and r i v e r  beds 
throughout t h e  country.  Water samples were analyzed f o r  f l u o r i d e  content* 
us ing  "Orion" f l u o r i d e  meter having a f l u o r i d e  ion  a c t i v i t y  e l e c t r o d e  and 
a re ference  e l e c t r o d e  (4) .  

*Publ ic  Heal th  Engineering-Laboratory of Univ. of Nairobi  and the Labora- 
t o r y  of the  Government Chemist. 
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Table 1 
Ground Water Samples i n  Each D i s t r i c t  Containing Various 

Levels  of Fluor ide  ( in  ppm) i n  Kenya 

0.0-0.4 0.5-1.0 1.1-3.0 3.1-5.0 5.1-8.0 R.1+ Tota l  

Nairobi 18 
Central  Province 

Kiambu 88 
Kirinyaga 3 
Murang's 5 
Nyandarus 5 
Nyeri 1 
Total  102 

K i l i f  I 20 
Coast Province 

Kvale 8 
Hombasa 4 
T a l t a  Taveta 5 
Tana River 1 
(Lam) - 
Tota l  38 

Embu - 
I S l O l O  2 
K i t u i  6 
%chakos 8 
k i r s a b i t  4 
Meru 1 

Total  21 

Eastern Province 

Sor theas te rn  Province 
Garissa  
kindera 
Wanfir 

To td 
Nyanza Province 
Kisli 
K i S W  
Siapa 
South Nyanza 
Tot a 1  

Baringo 
Elgeyo Pfarakwet 
Ka j iado 
Kericho 
Laik ip la  
Nakuni 
Na ro k 
Samburu 
T r a m  Nzoia 
Turkana 
Uasin Gishu 
Nand1 

R i f t  Val ley Province 

Total  

Bungoma 
h S i a  
KaLanega 

Total  
Nat ional  T o t a l s  

Western Province 

x 

3 
1 
3 
7 

3 

1 
4 
8 

- 

1 
1 

10 

1 
11 
1 

2 
9 
8 

- 

- 

44 
4 
5 
1 
10 

248 
19.3 

18 

69 

4 
7 
4 

84 

9 
6 
2 
4 

- 

- - 
21 

2 
5 
5 
20 
7 
3 

42 

8 
5 
9 

22  

- 
5 
1 
3 
9 

1 
1 
12 
5 
6 
10 
1 
2 
2 
5 
4 

49 

- 
1 
1 
2 

24 7 
19.2 

36 24 

100 28 

6 3 
11 4 
3 1 

120 36 

- - 

14 3 
6 2 
1 
4 

- - - - 
N o  information 

25 5 

2 
9 1 
8 
40 9 
6 
2 1 

67 11 

- 
- 
- 

10 2 

17 5 
34 7 

7 - 

1 - 
32 9 
1 4 
14 4 
50 26 
3 
8 - 
1 
6 
5 

- - 

- 
- - 
- 

l;t4 i n f o n y f j i o n  

183 

338 
3 

19 
27 
9 

396 

48 
22 
8 
14 
1 

93 

5 
20 
20 
112 
17 
7 

181 

26 
13 
37 
76 

3 
17 
2 
9 

31 

- 

4 
2 
66 
11 
28 
139 
6 

11 
5 
21 
20 
313 

5 
6 
2 

13 

1286 
100.0 
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Figure 1 

Geographical Provinces  of Kenya 

I 

Legend : 

1. R i f t  Valley 

2. North Eas te rn  

3. Nai robi  

4 .  C e n t r a l  

5. Eas te rn  

6.  Coast 

7. Nyanza 

8. Western 

Dental  examinat ions w e r e  conducted a t  schools ,  p r o v i n c i a l  h o s p i t a l s  
and t h e  Department of Dental  Surgery of t h e  Univers i ty  of Nai robi ,  assist- 
ed by d e n t a l  i n t e r n s  and undergraduate  d e n t a l  s t u d e n t s  from t h e  Dental 
Surgery Department. When conducted a t  c e n t e r s  o t h e r  t h a n  t h e  department 
of  d e n t a l  surgery ,  d e n t a l  examinat ions were done i n  n a t u r a l  d a y l i g h t  f o r  
i l l u m i n a t i o n ,  u s i n g  mouth-mirrors and probes.  
on s tandard  forms prepared by the a u t h o r s  t o  i n d i c a t e  v a r y i n g  degrees  
d e n t a l  f l u o r o s i s  f o r  an i n d i v i d u a l  too th .  Only people ,  born  and brought  
up i n  each r e g i o n ,  were inc luded  i n  the s tudy.  The number of people  ex- 
amined from each d i s t r i c t  v a r i e d  depending on t h e  t o t a l  popula t ion .  

The f i n d i n g s  were recorded 
of 

Dental  f l u o r o s i s  w a s  recorded as fol lows:  0 = no m o t t l i n g ;  degree 1 

de- 
= w h i t i s h  o r  l i g h t  brown pa tches  on t h e  coronal  s u r f a c e  of  the t e e t h ;  de- 
g r e e  2 = d a r k  brown pa tches  on p a r t s  of t h e  coronal  t o o t h  s u r f a c e s ;  
g r e e  3 = brownish/dark d i s c o l o r a t i o n  of t h e  e n t i r e  crown; degree 4 = 
brownish/whit ish/dark d i s c o l o r a t i o n  a s s o c i a t e d  wi th  f r a c t u r e  of t h e  enam- 
e l  and/or  presence  of  p i t t i n g  o r  c racks  on enamel. This method of c l a s -  
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8 Nair and Gitonga 

s i f i c a t i o n  w a s  developed by t h e  f i r s t  au thor  (K.R.N.) as a p r a c t i c a l  eas- 
y t o  use,  and reproducib le  method, f o r  l a r g e  samples a p p r o p r i a t e  f o r  t h e  
type and s e v e r i t y  of  d e n t a l  f l u o r o s i s  i n  Kenya (4,6) .  

Resul t s  

1. Occurrence of f l u o r i d e :  Out of  1286 samples of ground water, 
which were analyzed,  248 (19.3%) contained from 0.0 and 0.4 ppm f l u o r i d e  
ion ;  247 (19.2%) between 0.5 and 1.0 pprn; 411 (31.9%) between 1.1 and 
3.0 ppm; 129 (10.0%) between 3.1 and 5 ppm; 99 (7.7%) between 5.1 and 8 
ppm; and 152 (11.8%) 8.1 ppm and over  (Table 1 ) .  The ranking, according 
t o  maximum f l u o r i d e  va lues ,  recorded p r o v i n c i a l l y  w a s  1 )  R i f t  Val ley;  2) 
North Eastern;  3) Nairobi ;  4) Cent ra l ;  5) Eastern;  6) Coast; 7)  Nyanza; 
and 8 )  Western (Table  2) .  Figure 1 shows t h e  geographical  l o c a t i o n  of 
t h e  provinces  and d i s t r i c t s .  

Of 150 r i v e r  water samples, 19 (12.6%) had more than  1.0 ppm; i n  on- 
l y  one sample, which w a s  c o l l e c t e d  a t  t h e  p o i n t  where the river e n t e r s  
Lake Nakuru, w a s  t h e  l e v e l  as h igh  as 34 ppm. A t  t h i s  p o i n t ,  f l u o r i d e  
l e v e l s  are extremely h igh  compared t o  o t h e r  r i v e r  water 
r a r e l y  exceeded 3 ppm (Tables 2 and 3) .  

samples which 

Unlike t h e  r i v e r s ,  however, i n  wst of  t h e  Kenya lakes ,  f l u o r i d e  lev-  
els are a la rmingly  h igh ,  t h e  r e s u l t  of cont inued evaporat ion of  water over  
a prolonged p e r i o d  (4) .  I n  some of the  l a k e s ,  f l u o r i d e  l e v e l s  are the  
h i g h e s t  i n  t h e  world (Table 3) .  

2. Prevalence of d e n t a l  f l u o r o s i s :  I n  a l l ,  34,268 persons w e r e  ex- 
amined from a c r o s s  t h e  country,  7410 from c e n t r a l  province,  4887 from 

Table 2 

F- Concentrat ion of 150 River 
Water Samples i n  Kenya 

F- (ppm) Samples Percentage 

0.1-1.0 131 87.3 

1.1-2.0 11 7.3 

2.1-3.0 4 2.6 

3.1 and above 4 2.6 

Table 3 

F- Content of Some of the  Important 
Lakes i n  Kenya 

Lake Fresh/ S a l i n e  F- ( ppm) 

V i c t o r i a  Fresh 0.6-3 

Naivasha Fresh 8.0-15 

Baringo Fresh 18 

Turkana S a l i n e  100 

Bogoria S a l i n e  1000-2800 

Nakuru S a l i n e  1800-2800 

Coast province ,  4864 from Eas te rn  province,  1959 from Nor theas te rn  pro- 
v i n c e ,  4446 from Nyanza province,  5820 from R i f t  Val ley province,  2346 
from Western province and 2536 from t h e  Nai robi  area. 
preva lence  of d e n t a l  f l u o r o s i s  by Province. 

Table 4 shows t h e  
The incidence of  d e n t a l  f lu -  

Volume 18 No. 1 
January 1985 



F- i n  Water Resources and Dental  F luoros is  i n  Kenya 
9 

Table 4 Table 5 

Prevalence of Dental Fluorosis in Different Comparison of Severity of Dental Fluorosis 

Province No. 
Provinces in Kenya in Different Provinces in Kenya 

No. with X of Degrees of Fluoroais 

No. X No. X No. X Province No. No. X 

Nairobi 44R 57 12.7 136 30.4 181 40.4 74 16.5 
Central 4108 308 7.S 909 22.1 1624 39.5 1267 30.13 

703 210 29.9 214 30.4 187 26.6 92 13.1 
329 16” North- 329 112 34.0 98 29.8 99 30.1 20 6.1 

Examined Pluorosis Fluorosis Total lit 2nd 3rd 4 th 

Central 7.410 ~ , i m  55.4 
coas t 4,887 703 14.4 
b i t e r n  4.864 2.292 47.1 Coast 
h’orthea6tern 1,959 
Nyanza 4.466 899 20.2 eastern 
Rift Valley 5,920 1.979 31.0 Eastern 2292 357 15.6 760 33.2 540 23.6 635 27.7 

Yestern 2,346 273 11.7 Nyanu 899 382 42.5 430 47.8 77 8.6 10 1.1 

Nairobi 2.536 448 17.6 Rift 1979 203 10.3 504 25.5 564 28.5 708 35.8 

Ueatern 273 219 80.2 49 18.0 2 0.7 . 3 1.1 
Total Kenya 36.268 11.031 32.2 

o r o s i s  was h i g h e s t  i n  Cent ra l ,  Eas te rn  and R i f t  Val ley (above 34%) where- 
as i t  w a s  lowest (11.7%) i n  t h e  Western province.  Overall, 2% of Kenyans 
had d e n t a l  f l u o r o s i s .  Table 5 p r e s e n t s  t h e  percentage and degree of  den- 
t a l  f l u o r o s i s  i n  the d i f f e r e n t  provinces .  
t ral  provinces  had t h e  h i g h e s t  s c o r e s  namely, 4 th  degree d e n t a l  . f l u o r o s i s  
i n  35.8%, 30.8% and 27.7% r e s p e c t i v e l y .  The lowest percentage (1.1%) w a s  
found i n  Nyanza and Western provinces. I n  most of t h e  provinces ,  t h i r d  
degree d e n t a l  f l u o r o s i s  v a r i e d  from 23.6% t o  40.4%, w i t h  t h e  lowest  per- 
centage of 8.6 and 0.7 i n  Nyanza and Western provinces  r e s p e c t i v e l y .  The 
percentages with 2nd degree d e n t a l  f l u o r o s i s  ranged from 18.0 t o  47.8, 
the  h i g h e s t  being i n  Nyanza province. The mi ldes t  degree d e n t a l  f luoro-  
sis w a s  h i g h e s t  (80.2%) i n  Western provinces  followed by province rJyanza 
(42.5%) and Northeastern (34.0%). 

R i f t  Val ley,  E a s t e r n  and Cen- 

Based on d a t a  on d i s t r i b u t i o n  of f l u o r i d e  i n  ground and s u r f a c e  wa- 
ters, t h e  propor t ion  of people wi th  d e n t a l  f l u o r o s i s  and t h e  s e v e r i t y  of 
the condi t ion  w a s  d i r e c t l y  r e l a t e d  t o  t h e  propor t ion  of water samples 
conta in ing  f l u o r i d e  i n  excess  of 1 ppm. 
s o c i a t i o n  could have occurred by chance w a s  less than  one i n  a hundred 
t i m e s  (p  > 0.01). 

The p r o b a b i l i t y  t h a t  such an  as- 

Discussion 

Williamson ( l o ) ,  who examined about  4,500 people i n  1953, found 
39.6% o v e r a l l  prevalence of d e n t a l  f l u o r o s i s  i n  Kenya. Sample cases from 
a l l  d i s t r i c t s  were n o t  included,  a l though he f e l t  the  n e c e s s i t y  t o  do so. 
I n v e s t i g a t i o n s  t h a t  followed i n  t h i s  f i e l d  w e r e  sporadic  w t t h  l i m i t e d  sam- 
p l e  cases from s e l e c t e d  reg ions  (14,27,5,28). On a comparative b a s i s ,  
they showed v a r i a t i o n s  i n  t h e  f i n d i n g s  which could be due l a r g e l y  t o  such 
f a c t o r s  as: 1 )  the i n c r e a s e  i n  populat ion (Kenya is known t o  have t h e  
h i g h e s t  populat ion growth rate i n  world) which i n  t u r n  n e c e s s i t a t e s  in -  
creased water resources  and eventua l  dependence on more ground water; 2) 
f l u c t u a t i o n s  i n  f l u o r i d e  conten t ,  e s p e c i a l l y  of ground water, from t i m e  
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t o  t i m e :  f o r  example, t h e  g r e a t e r  t h e  q u a n t i t y  of water r e t r i e v e d  from a 
borehole  w i t h i n  a s h o r t  t i m e ,  the  lower t h e  f l u o r i d e  conten t  i n  t h e  wa- 
ter; 3) migra t ion  of r u r a l  populat ion t o  urban areas; 4) a v a i l a b i l i t y  of 
s u r f a c e  water which,generally, is low i n  f l u o r i d e ;  5 )  t h e  i n d i v i d u a l ' s  nu- 
t r i t i o n a l  s t a t u s  i n  r e l a t i o n  t o  food and beverages t h a t  conta in  varying 
amobnts of f l u o r i d e ;  e.g. Kenya's l a k e  f i s h  conta in  over  500 ppm f l u o r i d e  
compared t o  sea f i s h  which is r e l a t i v e l y  low i n  f l u o r i d e  (13); 6) t h e  pre- 
sence of o t h e r  subs tances  i n  s o i l  (e.g. sodium salts i n c r e a s e  and l i m e -  
s t o n e  decreases  a v a i l a b i l i t y  of i o n i c  f l u o r i d e ;  7) use of fluoride-con- 
t a i n i n g  d e n t r i f i c e s ;  and 8)  mode of domestic s t o r a g e  of water; e .g .  i n  
t h i s  country p l a s t i c  conta iners  are commonly used f o r  t r a n s p o r t a t i o n  and 
s t o r a g e  of water which, u n l i k e  e a r t h e n  p o t s ,  r e t a i n  most, i f  no t  a l l ,  of 
the  f l u o r i d e  i n  water. 

Although, a t  t h e  n a t i o n a l  l e v e l ,  the prevalence of d e n t a l  f l u o r o s i s  
i s  32.2%. i n  c e r t a i n  sub-locat ions,  for t h e  above-discussed reasons,  den- 
t a l  f l u o r o s i s  prevalence is over  95% (4). L i t t l e  is known i n  Kenya of 
how f l u o r i d e  a f f e c t s  bone and s o f t  t i s s u e s ,  mainly because p r o f e s s i o n a l  
manpower and technology are inadequate. The need f o r  ex tens ive  research  
i n  t h e  f i e l d  o f  f l u o r o s i s  is an  a b s o l u t e  n e c e s s i t y  s i n c e  m i l l i o n s  of 
people i n  Kenya s u f f e r ,  i n  most cases ignorant ly .  from chronic  endemic 
f l u o r o s i s .  
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FLUORIDE I N  GODAVARI RIVER AT PAITHAN, 
MARATHWADA, MAHARASHTIU STATE 

by 

U.H. Mane and K.S. P i l l a i  
Aurangabad, I n d i a  

SUMMARY: In  view of t h e  impact of dam c o n s t r u c t i o n  and 
r e s e r v o i r  formation a t  t h e  Godavari River i n  P a i t h a n  
near  the  c i t y  of Aurangabad, I n d i a ,  t h e  l e v e l  of f luo-  
r i d e  i n  r i v e r  water and i n  t h r e e  s p e c i e s  of b i v a l v e  
mollusks, which form an important  l i n k  i n  t h e  food 
cha in  of t h e  ecosystem, w a s  es t imated .  F luor ide  l e v e l s  
i n  r i v e r  water, c o l l e c t e d  a t  v a r i o u s  d i s t a n c e s  from t h e  
dam, w e r e  s i g n i f i c a n t l y  lower,namely 0.47 2 0 . 1  ppm 1 
km d i s t a n t  compared t o  0.74 2 0.03 ppm 2.5 km d i s t a n t .  
Among b i v a l v e  s p e c i e s ,  f l u o r i d e  l e v e l s  i n  t. m a r g i n a l i s  
(0.031 + 0.004 ug/g) obtained 1.5 km from t h e  l e f t  bank 
of t h e  r i v e r  were s i g n i f i c a n t l y  h igher  than i n  L. E- 
r i a n u s  (0.026 f O.OOlug/g) and i n L .  caeru leus  (0.013 
2 0.001 ug/g) bo th  of which were obta ined  1 km from t h e  
r i g h t  bank. 

KEY WORDS: Godavari River ,  Ind ia ;  Bivalve mollusks; L. m a r g i n a l i s ;  L.cor- 
r i a n u s ;  I. caeru leus  

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

The exposure of l i v i n g  organisms t o  abnormal l e v e l s  of f l u o r i d e ,  
which induces f l u o r i d e  accumulation by t h e  organisms, may r e s u l t  i n  an al- 
t e r a t i o n  of t h e  organisms' biochemistry and morphology (1). The s l i g h t e s t  
i n c r e a s e  i n  f l u o r i d e  i n  f r e s h  water o f t e n  becomes t o x i c  t o  the  organisms 
( 2 ) .  According t o  Groth ( 3 ) ,  t h e  h a b i t a t  of f r e s h  water organisms is  al- 
most f l u o r i d e  f r e e ;  thus  they are n o t  equipped t o  t o l e r a t e  increased  f l u -  
o r i d e  l e v e l s .  The major i ty  of s t u d i e s ,  conducted on t h e  e f f e c t s  of f luo-  
r i d e , a r e  confined t o  catt le ( 4 , 5 )  and man (6,7). I n  a d d i t i o n  t o  t h e  ha- 
zards  of f l u o r i d e  t o  man, one must cons ider  i t s  p o s s i b l e  noxious e f f e c t  
on o t h e r  l i v i n g  organisms which, i n  dynamic e q u i l i b r i u m  w i t h  themselves 
and t h e i r  environment, c o n s t i t u t e  t h e  d i f f e r e n t  ecosystem, e i t h e r  a q u a t i c  
o r  terrestrial  (8). 

The p r e s e n t  s tudy  aimed t o  determine t h e  f l u o r i d e  conten t  i n  t h e  
whole body of t h r e e  s p e c i e s  of the  commercially important  b i v a l v e s ,  name- 
l y ,  Indonaia  caeru leus  (Prashad) , Lamellidens c o r r i a n u s  (Lea) and' L. mar- 
g i n a l i s  (Lamarck) which i n h a b i t  the Godavari r i v e r  a t  Pa i than  i n  Marath- 
wada, the  water of which is impeded by Nath Sagar Dam (Jayakwadi P r o j e c t  
a t  Pai than,  D i s t .  Aurangabad). The f l u o r i d e  conten t  w a s  a l s o  es t imated  
i n  water samples from t h e  r i v e r .  

From the  Dept. of Zoology Marathwada Univ., Aurangabad, I n d i a .  Presented 
a t  1 3 t h  conference of t h e  I n t e r n a t i o n a l  Soc ie ty  f o r  F luor ide  Research,Nov,. 
14-17, 1983, New Delhi ,  Ind ia .  
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Materials and Methods 

The b iva lves  were co l lec ted  from two d i f f e ren t  regions of the Goda- 
v a r i  r i v e r  where they occur abundantly. L. marginalis a r e  found i n  la rge  
numbers on sandy bottom about 1.5 km d i s t a n t  from the dam, whereas 4. x- 
rianus  and 1. caeruleus occur on muddy bottom about 1 .0  km d i s t a n t  from 
the dam, both i n  the  d i r ec t ion  of w a t e r  flow. In  addi t ion  t o  water sam- 
p les  co l l ec t ed  from the above regions of the r i v e r ,  two addi t iona l  water 
samples were co l lec ted  a t  a d is tance  of 2.0 and 2.5 km from the dam. Wa- 
t e r  samples were co l lec ted  i n  polythylene b o t t l e s .  Shell  length o f  f i ve  
samples of each spec ies  was measured (L. marginalis - 70-80 mm, t. corria- 
- nus - 75-80 mm and &. caeruleus - 60 mm), the f l e sh  was carefu l ly  renoved 
from the s h e l l  valves and b lo t ted ,and  the w e t  weight of pooled samples of 
each spec ies  w a s  determined. The animals were kept i n  a i r  higher than 
60' C. u n t i l  a constant weight w a s  obtained. Afterwards the dried body 
w a s  powilered and analyzed f o r  f luor ide ,  i n  t r i p l i c a t e ,  separa te ly .  Fluo- 
r i d e  i n  animals w a s  estimated according to  Wright and Davison (9 ) ;  fluo- 
r i d e  i n  w a t e r  with an Orion f luo r ide  e lec t rode ,  Orion re ference-e lec-  
t rode  and El ico  pH meter. The ca l ib ra t ion  curve w a s  prepared with sodium 
fluoride,and the po ten t i a l s  (mv) read on the pH meter w e r e  p lo t t ed  on the 
l i n e a r  ax i s  of a semilog graph paper aga ins t  the concentration on the lop 
ax i s .  Fluoride i n  the unknown w a s  d i r e c t l y  read from the ca l ib ra t ion  
curve. The pH of the samples w a s  adjusted with TISAB(tota1 i o n i c  s t rength  
ad jus t  bu f fe r )  t o  5.5 p r i o r  t o  ana lys i s .  

Results 

S ign i f i can t ly ,  the  f luo r ide  w a s  lower (0.47 pprn) i n  water samples 1 
km d i s t a n t  from the  dam than i n  samples 1.5 t o  2.0 kms from the dam (0.58 
and 0.60 ppm respec t ive ly)  (P < 0.05); the d i f fe rence  between the l a t t e r  
two, however, is  not s i g n i f i c a n t  (P > 0.1) (Table 1 ) .  Water co l lec ted  
2.5  km from the dam was s i g n i f i c a n t l y  higher i n  f luo r ide  than water col- 
l ec t ed  1.0 km (P < 0.05), 1.5 km (P < 0.05), and 2.0 km (P < 0.1) from 
the  dam. 

The f luo r ide  content i n  b iva lves ,  L. corrianus and L. marginalis did 
not vary s i g n i f i c a n t l y  (P > 0.1); i t  w a s  highest  i n  L.mar i n a l i s  compared 
t o  I. caeruleus (P < 0.1) and 4. corrianus (P < 0.05) (Table 2) .  

Table 1 Table 2 

F- Content i n  Body of Bivalves 

Bivalve F- ( v d g )  
F- Content i n  Godavari River a t  Paithan 

Distance from Dam Species (wet weight bas i s )  
1 F- m) I caeruleus 0.013~0.001* - 

L. corrianus 0.026tO.001 

L. marginalis 0.031t0.004 

1.0 0.47+0.01* 

1.5 0.58f0.01 

2.0 0.60+0.02 
2 . 5  0.74-+0.03 

- 
- 

* mean f standard deviation 
* mean f standard devia t ion  (n=3) (n = 3) 
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Discussion 

The l e v e l  of f l u o r i d e  i n  t h e  Godavari r i v e r  water gradual ly  i n c r e a s e s  
i n  d i r e c t  r e l a t i o n  t o  t h e  d i s t a n c e  from t h e  dam. The fo l lowing  reasons 
may account f o r  the  uneven d i s t r i b u t i o n  of f l u o r i d e  i n  Godavari r i v e r  wa- 
ter: the  geographical  f e a t u r e s  of t h e  area as descr ibed  by F l e i s c h e r  (10) 
and s t a g n a t i o n  of water a t  p l a c e s  i n  t h e  Godavari r i v e r .  
was observed between the  f l u o r i d e  conten t  i n  the  b i v a l v e s  and t h e  f luo-  
r i d e  l e v e l  i n  t h e i r  h a b i t a t ;  i t  w a s  h igher  i n  t h e  body of C. m a r g i n a l i s  
and 4. corr ianus  (0.031 and 0.026 pg/g, r e s p e c t i v e l y )  than i n  L .caeru leus  
(0.013 ug/g) .  Biva lves ,  gills and mantle, which are c o n t i n u a l l y  being 
bathed with water, accumulate more f l u o r i d e  compared t o  o t h e r  organs (9) .  
Since the  bodies  of C. margina l i s  and L. c o r r i a n u s  are longer  than  t h e  
body of I. c a e r u l e u s ,  they process  l a r g e r  q u a n t i t i e s  of water, which might 
have caused g r e a t e r  d i f f u s i o n  of f l u o r i d e  ions  from the  water i n t o  the  
body of t h e s e  two s p e c i e s .  

No c o r r e l a t i o n  
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EFFECT OF HYDROGEN FLUORIDE FUMIGATION I N  TRITICUM AESTIVUM, 
BRASSICA JUNCEA AND PHASEOLUS AUREUS PLANTS 

by 

H.C.  Sharma 
Nagpur, Ind ia  

Thi r ty- f ive  day o l d  Tr i t icum aestivum (Var. 
K-68) and Brassica juncea (Varuna, T-59) and 25 
day o ld  Phaseolus aureus (Pusa-Vaishakhi) p l a n t s  
were exposed t o  20 p b HF-air mixture f o r  2 hours  
d a i l y  i n  a 1.5 m' dynamic polythene chamber. 
Length of r o o t s ,  shoot ,  number of leaves  and phy- 
tomass genera l ly  decreased.  Seeds produced were 
of poor q u a l i t y .  

KEY WORDS: Fluor ide ;  Fumigation; E f f e c t s ,  wheat, mustard, moong 

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

P o l l u t i o n  by f l u o r i d e  h a s  caused more s e r i o u s  concern t o  us  than  t h a t  
by any o t h e r  p o l l u t a n t .  Airborne f l u o r i d e ,  t o x i c  even a t  c o n c e n t r a t i o n s  
as low as 0.6 ug HF/m3, is a cumulative poison and i t s  e f f e c t s  are i r r e v e r -  
s i b l e .  A l l  chemical compounds of f l u o r i d e  such as HF, F2, SiF4, are phyto- 
t o x i c  and produce more o r  less similar symptoms i n  p l a n t s .  Fac tors  t h a t  
a f f e c t  F accumulation i n  p l a n t s  are poorly understood. F luor ide  e n t e r s  
the  p l a n t  l e a f  through stomata; i t  passes  i n t o  c e l l u l a r  spaces  where i t  i s  
absorbed i n t o  t h e  mesophyll t i s s u e  (1) .  

Thus a s s i m i l a t e d  by p l a n t  leaves ,  f l u o r i d e  does n o t  move towards t h e  
s t e m ,  r o o t  and s o i l .  Therefore ,  f l u o r i d e  i n j u r y  depends upon i t s  accumula- 
t i o n  a t  t h e  a c t i v e  s i tes  where i t  remains i n  t o x i c  amounts. 

I n  view of t h e  occurrence of hydrogen f l u o r i d e  i n  t h e  a i r - shed  of ur- 
ban i n d u s t r i a l  areas, i t  i s  r e l e v a n t  t o  s tudy i t s  e f f e c t s  on some important  
crop p l a n t s ,  inc luding  a legume, a c e r e a l  and an o i l  y i e l d i n g  p l a n t .  Se- 
l e c t e d  p l a n t  spec ies  were exposed t o  HF-polluted a i r  i n  a dynamic system t o  
i d e n t i f y  and quant i fy  t h e  responses  of these  p l a n t s ,  and t o  assess the i l -  
r e l a t i v e  s e n s i t i v i t y  a t  a p a r t i c u l a r  HF concent ra t ion .  

Material and Methods 

P l a n t s  were grown i n  1 m2 p l o t s  and exposed t o  20 ppb WF i n  1.5 m3 po- 
ly thene  chambers. HF-air mixture  w a s  generated by bubbl ing d r y - f i l t e r e d  
a i r  i n t o  a n  aqueous s o l u t i o n  of hydrof luor ic  a c i d  (Fig.  1 ) .  

The concent ra t ion  of HF-air mixture  i n s i d e  of t h e  chamber w a s  moni- 
tored throughout t h e  dura t ion  of fumigation. Dai ly  f o r  2 hours i n  t h e  
morning f o r  30 days, Phaseolus aureus (moong) w a s  exposed from t h e  26th  t o  

From t h e  NEERI, Nehru Marg, Nagpur, Ind ia .  Presented a t  t h e  1 3 t h  confer-  
ence of t h e  I n t e r n a t i o n a l  Soc ie ty  f o r  F luor ide  Research, Nov. 14-17, 1983, 
New Delhi ,  Ind ia  
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Figure 1 

Schematic Diagram for 
Gas Generation and lfll 

rbm Orifice manometer 

7 %Empty bubler bution frame 
* Gas generator 

'Empty bubler 

55th  day of  p l a n t  age,  wheat 
and mustard p l a n t s  from 35th- 
65th day. Pol lu tan t -dose  ex- 
posure and sampling schedule  
of each of t h e  p l a n t s  is 
shown i n  Table  1. Samples of 
c o n t r o l  and t r e a t e d  p l a n t s  

Plants were c o l l e c t e d  and analyzed 
Plant Age Wheat 6 Cumulative Moong Cumulative Sampling w i t h  respect to in 

(DaysL p r o t e i n ,  sugar ,  f l u o r i d e ,  
25 energy and oil c o n t e n t  ac- 
35 cording t o  the  fo l lowing  

Table 1 

Pollutant Exposure and Sampling Schedule for 
Wong. m e a t  and thstard Plants 

(Days) Mustard Dose(HF) Dose(HF) 

J -- 1-25 --- 

methods . 26-35 J J 400 ppb 

36-45 J 400 ppb J 800 ppb 45 

46-55 J 800 ppb J 1200 ppb 5 5  P r o t e i n :  P r o t e i n  conten t  of 
56-65 J 1200 ppb - -- 65 f r e s h l y  c u t  leaves w a s  d e t e r -  

mined us ing  F o l i n ' s  method(2). 

Sugar: By adopt ing  t h e  phenol method (3) f o r  determing sugar  c o n t e n t ,  
samples of f r e s h  l e a f  (100 mg) were homogenized i n  20 m l  of 80% a l c o h o l  
and c e n t r i f u g e d  a t  3000 rpm f o r  30 minutes .  The superna tan t  was evaporated 
on waterbath and t h e  r e s i d u e  d isso lved  i n  50 m l  d i s t i l l e d  water. To 1 m l  
a l i q u o t  was added 1 m l  of 5% phenol and 5 ml concent ra ted  H2S04. Color in- 
t e n s i t y  w a s  measured a t  4 8 0  nm. The concent ra t ion  w a s  c a l c u l a t e d  from the  
s tandard  graph us ing  glucose as s tandard  source .  

-- Fluor ide :  The p l a n t s  and homogenized. 
2 g of homogenized powder w a s  fused w i t h  calcium formate and sodium hydrox- 
i d e  p e l l e t s .  Fused samples were d i l u t e d  t o  250 m l  and a c i d  d i s t i l l e d  ( 4 ) .  
The f l u o r i d e  conten t  of t h e  d i s t i l l a t e  w a s  determined u s i n g  SPADNS dye. 

were d r i e d ,  powdered (200 mesh) 
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- 
p l a n t  samples w a s  de te r -  
mined by us ing  bomb cal- 
or imeter  (5) .  

Table 2 Energy: Energy con- 
tent ( ~ ~ ~ l / ~ )  of whole Variation i n  Root Length (&). Shoot Length (SL), Number of Leaves 

(LN) In Control (C) and Pollutant Exposed (T) Plants  

RL(cm) 
Age k o n g  Wheat Hustard 

(Days) C T C T C T  
O i l  Content: O i l  con- 

t e n t  of seeds  harvested 
from c o n t r o l  as w e l l  as 
t r e a t e d  p l a n t s  w a s  de te r -  
mined by t h e  Soxhlet ex- 
t r a c t i o n  method ( 6 1 ,  

Resul t s  

F o l i a r  I n j u r y :  Typi- 
c a l  f l u o r i d e  i n j u r y  symp- 
toms i n  the  form of le- 
s i o n s ,  browning of l e a f  
margins and t i p  burn were 
v i s i b l e  a f t e r  7-10 days 
of HF fumigation on moong 
and wheat p l a n t s ,  whereas 
mustard p l a n t s  showed no 
v i s i b l e  s i g n  of f l u o r i d e  
i n j u r y .  The e x t e n t  of 
i n j u r y  w a s  2 3 . 7  and 2 0 . 8 %  
i n  moong and wheat p l a n t s  
a t  days 55  and 65 of t h e  
p l a n t  ages  r e s p e c t i v e l y .  

25 6.7 6.70 
35 8.14 13.30 
45 13.86 15.00 
55 14.00 15.80 
65 14.86 15.00 
85 -- 

100 12.00 13.70 
130 - 

-- 
-- 

SL(cm) 

25 
35 
45 
55 
65 
85 

100 
130 

LN 

25 
35 
45 
55 
65 
85 

100 
130 

18.0 18.00 
29.30 21.60 
45.00 28.40 
55.90 32.60 
75.70 32.60 

75.70 39.70 
-- -- 
-- -- 

17.60 17.60 
20.30 17.60 
20.00 23.40 
23.80 20.00 
23.75 19.00 

14.50 16.60 
-- -- 
- -- 

-- 
8.00 
9.40 

10.00 
11.60 
11.30 

11.30 
-- 

-- 
40.0 
48.50 
64.50 
83.50 
87.00 

87.00 
-- 

-- 
8.00 
9.00 

14.60 
13.00 
9.00 

9.00 
- 

-- -- -- 
8.20 8.00 8.00 
8.50 ??.20 10.30 
9.50 i1.60 9.60 
9.60 13.60 12.40 
9.70 LL.30 14.60 

9.70 21.30 14.00 
-- -- -- 

-- - -- 
40.00 12.20 12.50 
58.30 19.2 20.00 
62.00 37.6 25.60 
65.30 97.1 58.70 
72.00 132.0 126.00 

72.00 166.00 160.00 
-- -- -- 

-- -- -- 
8.00 8.00 8.00 
9.60 9.00 9.00 

11.60 19.60 18.00 
11.60 22.00 18.00 
7.80 26.40 18.00 

7.80 5.40 5.40 
-- -- -- 

Morphological Characters :  Average length  of r o o t  and shoot  and number 
of leaves  p e r  p l a n t  i n  HF-exposed p l a n t s  var ied  cons iderably .  Roots were 
longer  i n  t r e a t e d  p l a n t s  than i n  c o n t r o l s  i n  moong b u t  were s h o r t e r  i n  
wheat and mustard p l a n t s  (except a t  t h e  45th and 85th  day of p lan t  age of 
wheat and mustard r e s p e c t i v e l y ) ,  whereas shoot  length  of t r e a t e d  p l a n t s  
was less than c o n t r o l  p l a n t s  a t  a l l  ages except  a t  t h e  45th day of age  i n  
wheat and mustard p l a n t s  (Table 2 ) .  

Phytomass Accumulation (dry wt .g /p lan t ) :  Table 3 shows t h a t  phytomass 
values  f o r  HF exposed p l a n t s  were h igher  than f o r  c o n t r o l  moong p l a n t s  a t  
days 35 and 4 5 .  I n  wheat and mustard plants,however, t h e  phytomass of t h e  
exposed p l a n t s  w a s  l e s s  than  c o n t r o l  va lues  a t  a l l  ages .  

F luor ide  Accumulation (up/&: Fluoride conten t  i n  HF-exposed p l a n t s  
increased s t e a d i l y  u n t i l  day 55  i n  moong,to day 65 i n  wheat and mustard 
p l a n t s ;  t h e  values  were 4 6 0 ,  240 and 404  vg/g f o r  moong, wheat and mustard- 
p l a n t s  r e s p e c t i v e l y .  Thereaf te r  t h e  f l u o r i d e  conten t  i n  t h e s e  p l a n t s  de- 
creased (Fig.  2 ) .  

gar  conten t  of leaves  i n  moong, wheat and mustard p l a n t s  with one excep- 
P r o t e i n  and Sugar Content: HF-exposure decreased the  p r o t e i n  and su- 
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Table 3 
Variation in Phytouas .  Pluorid6. Rote in  and Sugar Contamc 

in Control (C) md P o l l u t M t  Cxpooed (1) PlMta  

Age mow Wheat -Card 
(D6yS) C T C T C  T 
Phytorsa  (Wt.glpl.nt) 

25  0.406 0.409 
35 2.242 2.510 
45  4.238 5.836 
55 11 .11  6.80 
65 12.135 8.30 
85 - -- 

100 7.435 6 .61  
130 -- - 

Pluotidc (ug/g) 
25 130 130 
35 220 315 
45 264 370 
55 264 460 
65 158 386 
85 -- -- 
100 140 195 
130 -- - 

Prote in  

25 
35 
45 
55 
65 
85 

sugar 

25 
35 
45 
55 
65 
85 

0 .30  0.30 
0.56 0 .48  
0 .72  0.64 
0.88 0 . 7 9  
0 .85  0 .76  - -- 

1.40 1.40 
1.90 2.10 
2.60 2.40 
2.75 2.48 
2.25 1.86 -- -- 

- 
1.36 
2.46 
0.88 

15.30 
17.84 

21.2 
I 

-- 
156 
163 
187 
196 
178 

167 
- 

- 
0.20 
0 .66  
0 .68  
0.87 
0 .74  

-- 
1.250 
2.50 
2.50 
2.25 
1.85 

-- - - 
1.26 0.799 0.799 
2.43 1.394 0.926 
4.60 2.459 2.259 

13.81 4.160 2.830 
16.34 13.53 12.90 

16.45 35.48 19.66 
- -- - 

-- -- -- 
156 176.0 176.0 
182 196.0 239.0 
196 252.0 371.0 
240 wM.0 w4.0 
230 276.0 370.0 

186 206 291 
-- -- - 

- -- -- 
0.20 0.40 0 .40  
0.66 0.50 0.33 
0.64 0.75 0 .63  
0.62 0.78 0.65 
0.60 0.u) 0.44 

-- -- - 
1.25 1.10 1.20 
2.5 2.10 1.70 
1 .70  3.00 1.m 
2.70 3.70 2.20 
1.90 2.60 2.60 

t i o n  - on days 65 and 85 
of p l a n t  age i n  wheat 
p l a n t s ,  sugar  conten t  w a s  
s l i g h t l y  more i n  HF ex- 
posed p l a n t s  than  i n  con- 
t r o l s  (Figs. 2 and 3) .  

YieldfSeed C h a r a c t e r i s t i c s :  

Seeds produced by HF- 
exposed p l a n t s  were general-  
l y  weak, s h r i v e l e d  and poor 
i n  q u a l i t y ;  they weighed 
less than seeds  obtained 
from c o n t r o l  p l a n t s  (Table 
4 ) .  Also t h e  energy con- 
t e n t  of seeds obta ined  from 
t r e a t e d  p l a n t s  w a s  h igher  
by 2.4% i n  moong b u t  lower 
by 10.59 and 4.88% for wheat 
and mustard seeds .  The oil 
content  of HF-exposed mus- 
t a r d  p l a n t  seeds  w a s  4.99% 
l e s s  than i n  c o n t r o l  p l a n t  
seeds.  The f l u o r i d e  con- 
t e n t  of pol lutant-exposed 
p l a n t  seeds increased  by 
156.09, 68.36 and 62.4% i n  
moong, wheat and mustard 
p l a n t s  r e s p e c t i v e l y  (Table 
4 ) .  

Figure 2 

F- Accumulation i n  Control  ( C )  and HF Treated 
(T) P l a n t s  a t  D i f f e r e n t  Ages 

0 0  

310 - 
- 

MUSTARD 

WHEAT 

0 1 1 I I I 
5 3 9  49 (~d 8s 1 0 0 5 0  s I,,,,, 45 !la 65 05 130 

PLANT AGE DAYS PLANT AGE DAYS- 
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Figure  3- 
V a r i a t i o n s  i n  Leaf Sugar ( X )  i n  Control  (C) 2nd 

HF Treated (T) P l a n t s  a t  D i f f e r e n t  Ages 

// MUSTARD 
d 

I .o i 0. 

Discussion 

Fluor ide  is  a cumulat ive 
poison caus ing  s e v e r a l  irrevers- 
i b l e  metabol ic  changes i n  p l a n t s  
cu lmina t ing  i n  marginal  necro- 
sis and t i p  burn of l e a v e s .  A 
h igh  F- content  i n  ce l l - sap  may 
d e a c t i v a t e  K+, Ca2+, and Fig2+ 
i o n s  i n  t h e  l e a v e s  ( 7 ) .  

Earlier s t u d i e s  revea led  
t h a t  moong and wheat p l a n t s  ex- 
posed t o  20 ppb HF showed l e a f  
i n j u r y  and reduct ion  i n  l e a f  
area ( 8 ) .  However, mustard 
p l a n t s  f a i l e d  t o  e x h i b i t  any 
s i g n  of v i s i b l e  i n j u r y ,  p o s s i b l y  

Table 4 

Chnracter is t ics  of Seeds Obtained from Control (C) 
and Pol lutant  Exposed (T) Plants  

No. C T C  T C T  

No. grains1  9.62 7 .92  28.0 22 .6  11 .8  7 . 8  
p lnnt  

Seed y i e l d  2.96 2 .03  1 1 . 0  5 . 6  13.95 5 . 7  
( v t .  8. /p lant)  

v t . g / 1 0 0 0  33.49 35.19 43.54 32.06 4 . 5 6  3.27 
s e e d s  

P content 147 .6  378 196 330 330 538 

Uoong Wheat Mustard 

( v e l d  
O i l  (Z) - - - - 34.35 32.65 

(Cal lg)  
Energy 3845 3940 4438 3908 6770 6422 

because those  p l a n t s  were r e l a t i v e l y  resistant t o  HF f o r  t h e  given doses .  

The r e d u c t i o n  i n  l e n g t h  o f  r o o t  and shoots  may be  a t t r i b u t e d  t o  lower 
metabol ic  a c t i v i t y  of p l a n t s  exposed t o  HF p o l l u t i o n .  I t  h a s  been r e p o r t e d  
t h a t  prolonged HF-exposure induces loss of o l d e r  l e a v e s  and r e d u c t i o n  i n  
y i e l d  (9,lO). Chang and Thompson (11) suggested t h a t  growth r e d u c t i o n  i n  
f l u o r i d e - a f f e c t e d  p l a n t s  i s  due t o  t h e  slowed rate of c e l l u l a r  d i v i s i o n  and 
expansion. The most f requent  f r u i t i n g  response t o  fumigat ion  w a s  reduced 
seed  product ion  due p r i m a r i l y  t o  poor f e r t i l i z a t i o n ,  r e s u l t i n g  from i n h i b i -  
t i o n  of p o l l e n  germinat ion o r  p o l l e n  t u b e  growth (12). HF may a l s o  i n f l u -  
ence f r u i t i n g  by a f f e c t i n g  f lower  development. 
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The f l u o r i d e  accumulat ion of  t h e  p l a n t  samples w a s  r e l a t e d  t h e  
c o n c e n t r a t i o n  and d u r a t i o n  of  HF treatments (Table 3) .  Moong p l a n t s  
showed a high degree of F- accumulat ion because of t h e i r  l a r g e  number of 
l e a v e s  and g r e a t e r  l e a f  area, whereas comparat ively l e s s  f l u o r i d e  accumu- 
l a t e d  i n  wheat p l a n t s  which are monocot w i t h  v e r t i c a l  u p r i g h t  and fewer 
l e a v e s .  F- accumulat ion i n  seeds  of t h e s e  p l a n t s  w a s  maximum f o r  moong, 
followed by mustard and least i n  wheat (according t o  Table  3) .  A lower 
F- conten t  i n  mustard seeds  may be due t o  t h e i r  r e s i s t a n c e  t o  f l u o r i d e ,  
t h e i r  a f f i n i t y  f o r  su lphur  as  w e l l  as t h e i r  r i c h  o i l  conten t .  S i m i l a r  
f i n d i n g s  of d i f f e r e n c e s  i n  f l u o r i d e  accumulat ion i n  v a r i o u s  p a r t s  of 
p l a n t s  and f r u i t s  have been r e p o r t e d  by Pack & Sulzbach (13) .  

t o  

The observed reduct ion  i n  sugar  c o n t e n t  (Fig.  2)  conforms with f ind-  
i n g s  of Yang & M i l l e r  (14) on i n h i b i t i o n  of  s y n t h e s i s  of s u c r o s e  i n  soy- 
bean exposed t o  HF p o l l u t i o n .  As seen  i n  Fig.  4 ,  t h e  p r o t e i n  conten t  of 
leaves of HF-exposed p l a n t s  i s  lower than i n  c o n t r o l s  
f l u o r i d e  i n h i b i t s  ribosomes which c o n t r o l  p r o t e i n  s y n t h e s i s  (15). 

p o s s i b l y  because 

Figure 4 

V a r i a t i o n s  i n  Leaf P r o t e i n  ( X )  i n  Control  (C) and 
HF Treated (T) P l a n t s  a t  D i f f e r e n t  Ages 

I a- 

z=* - 
I 1 I I 
4s 55 65 85 10- 

a 

WHEAT 
MUS TAR 0 0 2  

O 2 ¶  3¶ 45 ss 65 b5 
PLANT ACE DAYS - 

The o v e r a l l  performance of  a p l a n t  i s  b e s t  i n d i c a t e d  by t h e  phyto- 
mass accumulat ion over a per iod  of t i m e .  Phytomass r e f l e c t s  t h e  n e t  pro- 
d u c t i v i t y  which i s  dependent upon photosynthe t ic  a c t i v i t y  and y i e l d .  

F luor ide  complexes wi th  mg2+ i n  the  ch lorophyl l  molecule, render ing  
i t  u n f i t  f o r  photosynthes is  (16). F u r t h e r ,  i t  is  r e p o r t e d  t h a t  f l u o r i d e  
i n h i b i t s  the H i l l  r e a c t i o n  (17 ) .  A second ca tegory  of e f f e c t s  of f l u o r i d e  
c o n s i s t s  i n  p h y s i o l o g i c a l  changes lead ing  t o  growth r e d u c t i o n  and abnor- 
malities i n  f lower ing  and f r u i t i n g  processes ,  reduct ion  i n  number and 
q u a l i t y  of f r u i t s .  
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Energy, Kcal/g of seeds obtained from HF-exposed p l a n t s ,  w a s  lower 
than i n  seeds  obtained from c o n t r o l  p l a n t s .  The decrease  i n  energy con- 
t e n t  w a s  due t o  l o w  va lues  of carbohydrate ,  p r o t e i n s  and f a t s  i n  corre-  
sponding seed samples, s i n c e  these  parameters a r e  a d i r e c t  measure of en- 
ergy i n  p l a n t s / s e e d s .  

Conclusion 

The e f f e c t s  of 20 ppb HF fumigation on moong, wheat and mustard 
p l a n t s  were q u i t e  apparent  and t h e i r  l eaves  of phyto toxic i ty  could be ar-  
ranged i n  t h e  fol lowing decreas ing  order :  moong > wheat mustard. There 
w a s  a genera l  decrease i n  morphological c h a r a c t e r i s t i c s ,  such a s  length  
of r o o t  and shoot ,  number of leaves ,  phytomass and i n  sugar  and p r o t e i n  
l e v e l s  of l e a v e s ,  whereas t h e  f l u o r i d e  conten t  w a s  h igher .  
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A FIELD STUDY OF FLUORIDE POLLUTION OVER A PERIOD OF ONE YEAR 
I N  THE V I C I N I T Y  OF ENAMELLING PLANTS 

by 

P. Bourbon, and C. Rioufol  
Toulouse, France 

SUMMARY: Atmospheric f l u o r i d e  c o n c e n t r a t i o n  w a s  meas- 
ured over  a per iod  of one year  by two d i f f e r e n t  methods: 
one us ing  s t a t i c  c o l l e c t o r s  s e n s i t i v e  t o  gaseous f luo-  
r i d e  d e r i v a t i v e s  and t h e  o t h e r  us ing  dynamic c o l l e c t o r s  
which measure t h e  t o t a l  f l u o r i d e  conten t  of t h e  a i r .  

Severa l  c o r r e l a t i o n s  were found: a )  c o r r e l a t i o n  be- 
tween t h e  mean annual va lues  of t h e  s t a t i c  method and 
the  f l u o r i d e  conten t  of t h e  p l a n t s ,  b)  c o r r e l a t i o n  be- 
Ween t h e  s t a t i c  and dynamic sampling methods. The tech- 
nique us ing  s t a t i c  samplers is considered t h e  b e s t  
adapted t o  t h e  s tudy of f l u o r i d e  p o l l u t i o n .  

WORDS: F-in a i r ;  Enameling p l a n t ;  Emissions; A i r  sampling 

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

The de termina t ion  of f l u o r i d e  l e v e l s  i n  t h e  atmosphere is of g r e a t  
i n t e r e s t  f o r  p u b l i c  h e a l t h ,  ecology and t h e  s tudy of d i f f u s i o n  phenomena. 
F luor ine  is p r e s e n t  in t h e  form of gas (HF) and a e r o s o l  p a r t i c l e s  ( f luor -  
s p a r ,  H2SiF and NaF) and i t s  l e v e l s  a r e  determined by dynamic sampling 
methods (1) giv ing  a va lue  f o r  t o t a l  f l u o r i n e  and by s t a t i s  methods (2 t o  
7)  which p r e f e r e n t i a l l y  measure gaseous f l u o r i n e .  

From INSERM U.57, al l6e C a m i l l e  Soula, 31320 Vigoulet-Auzil, France e t  Fa- 
c u l t 4  de Pharmacie, Labora to i re  de Toxicologie ,  31 a l l g e s  J u l e s  Guesde. 
31000 Toulouse, France. 
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F- P o l l u t i o n  Near Enamelling P l a n t s  2 3  

.4ny g iven  f l u o r i d e  p o l l u t i o n  can be  c h a r a c t e r i z e d  by c o r r e l a t i o n s  be- 
tween l e v e l s  of t o t a l  f l u o r i d e ,  gaseous f l u o r i d e  and f l u o r i d e  f i x e d  by 
p l a n t  material over  a whole y e a r .  This  h a s  a l r e a d y  been r e p o r t e d  by sev- 
e r a l  au thors  f o r  aluminum s m e l t i n g  p l a n t s  w i t h  c o n s t a n t  f l u o r i d e  emission 
( 1 ) .  
l u t i o n  i s  emi t ted  i n t e r m i t t e n t l y  and is of v a r i o u s  types .  

The c a s e  under s tudy  i s  t h a t  of  a n  enamell ing f a c t o r y  where t h e  pol-  

The f a c t o r y  is s i t u a t e d  i n  a v a l l e y  used f o r  a g r i c u l t u r e ,  market gar- 
dening and graz ing  - i t s  topography is  presented  i n  F i g u r e  1. 

Figure  1 
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24 Bourbon and Rioufol 

The waste emi t ted  i n t o  the  atmosphere is composed of spent  furnace 
gases  (10,000 m3/h), which have passed through dry p u r i f i e r s  a t  an aver- 
age temperature of  150°C, wi th  a relative humidity under 10%. The l e v e l  
of t o t a l  f l u o r i d e  i n  the  s t acks  v a r i e s  markedly dur ing  the  d i f f e r e n t  pha- 
ses of  product ion (from a f r a c t i o n  of a mg t o  seve ra l  hundred mg/m3) bu t  
t he  percentage gaseous f luo r ine  (mainly HF) is always between 50 and 80%. 

The p a r t i c u l a t e  emission is composed of f l u o r o s i l i c a t e  and f luo r spa r  
according t o  information given by the  manufacturers. The furnaces  are 
f i r e d  wi th  heavy f u e l  o i l ;  thus  SO2 emission accompanies t h a t  of  t he  f lu-  
o r i n e  de r iva t ives .  Wind d i r e c t i o n  and speed were recorded th ree  times per  
day. 

Measurements i n  the  Environment: Figure 1 shows the  pos i t i ons  of 15 
s ta t ic  samplers and 5 dynamic samplers which made up the  measurement net- 
work. taken 
i n  the  immediate surroundings of t he  s t a t i c  c o l l e c t o r s .  

Samples of p lan t  material i n  the  form of pas tu re  grass  were 

Materials and Methods 

Dynamic Samplers: Tota l  f l u o r i d e  conten t  of the  atmosphere (1 m3/h) 
w a s  trapped d i r e c t l y  on passing air through a paper f i l t e r  impregnated 
wi th  a 1 M s o l u t i o n  of NaOH conta in ing  5% g lyce ro l  (8). This process  
avoids  the  use of tubing which, whatever the  type, involves  f l u o r i d e  los -  
ses. Trapping e f f i c i e n c y  is 100% up t o  a concent ra t ion  of 100 ug HF/m3 
( the  f i l t e r  conta ins  about 40 mg NaOH). 

Af te r  exposure f o r  24 hours ,  the  f i l t e r  w a s  t r e a t e d  wi th  10 ml 0.125H 
H2SO4 f o r  an hour and assayed wi th  a f l u o r i d e  s p e c i f i c  e l ec t rode  i n  0.5 M 
sodium c i t r a t e  medium. 

S t a t i c  Samplers: Each c o l l e c t o r  w a s  composed of a 9 dm2 shee t  of 
Whatman paper impregnated with a s o l u t i o n  of 40 g / l  NaOH, d r ied  a t  room 
temperature and r o l l e d  i n t o  a cy l inde r  which w a s  placed in s ide  a sc reen  
two meters above ground. Thus s h e l t e r i n g  i t  from d i r e c t  e f f e c t s  of the  
weather while a l lowing f r e e  c i r c u l a t i o n  of a i r  around the  s i d e s  and lower 
su r face .  Af te r  exposure f o r  1 month, t h e  papers were placed i n  200 m l  
d i s t i l l e d  water  f o r  a t  least 12 hours .  Assaying w a s  c a r r i e d  ou t ,  using 
a s p e c i f i c  e l ec t rode ,  on 20 m l  of  the  s o l u t i o n  a f t e r  add i t ion  of  a fur-  
t he r  20 m l  of l M sodium ci t ra te .  

P lan t  Material: Each month, as the  s ta t ic  samplers were changed, 
surrounding p l a n t  m a t e r i a l  w a s  co l l ec t ed .  The vegeta t ion  w a s  d r i e d  a t  
l l O ° C  and 10 g of the  r e s u l t i n g  powder heated f o r  12  h a.t 4OO0C followed 
by 30 minutes of a l k a l i n e  fus ion  a t  550°C i n  the  presence of 5 g of NaOH 
p e l l e t s .  The res idue  w a s  taken up i n  200 m l  d i l u t e  HC1, 20 m l  of which 
w a s  used f o r  the  assay  with 20 m l  1 M sodium c i t r a t e .  

Resul t s  

The r e s u l t s  obtained are presented i n  Tables 1 t o  4. Table 4 ind i -  
cates the  r e l a t i v e  f requencies  of fou r  types of wind d i r e c t i o n  . Maxi- 
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25 F- P o l l u t i o n  Near Enamelling P l a n t s  

82 , 82 , 82.  82. 82 , 83 I 8 3  I 83 ~ 83 I + 
3.61 5.18 2.02 - 1.44 0.87 1.65 3.07 0.84 

6.5 - 4.33 4.07 14.4 1.84 3.63 - 1 .73  

- 1 .81  1.59 1 .33  2.21 1.28 1.56 1.88 1.12 

3.23 2.59 1.67 1.66 1.86 0.81 1.23 0.95 0.79 

1.05 0.70 0.78 0.79 1.33 0.30 0 .51  0.61 - 
2.75 1.96 0.96 0.84 0.81 0.65 0.50 0.65 0.36 

- 2.51 1.22 1.35 1.73 0.8 0.79 0.77 0.45 

2.89 1.65 1 .23  1.37 1.07 0.66 0.54 0.51 0.54 

2.51 - 1 .65  - - 0.43 0.64 0.56 0.49 

- 2.45 2.64 1.41 3.74 1.0 1 . 2 3  1.05 0.68 

- 3.67 3.0 2.80 3.0 0.92 1.22 0.99 0.72 

3.99 4.10 2.2 1.79 1.70 1 .2  1.42 1.06 0.62 

5.27 - i . 57  1.18 2.0 0.62 0.80 0.61 0.64 

2.62 1.88 1.48 - - 3.94 3.71 2.22 1.62 

mum wind speed never exceeded 1.6 m / s .  
N-W. 

The p r e v a i l i n g  wind w a s  from t h e  

Table 1 

Static Sampler Values 

83 

- 
0.86 

1 . 5 3  

0.56 

0.33 

0.37 
- 

0.33 
0.78 

0.85 

0.70 

0.47 

0.51 

2.7 

ler 82 

2 9.62 

3 4.42 

4 5.68 

5 9.2 

6 2.42 

7 10.7 

8 6.6 

9 8.0 

10 8.83 

11 5.86 

12 12.1 

1 3  7.35 

1 4  6 .61 

15 12.1 

4.31 

2.96 

1.87 

4.92 

3.58 

4.88 

3.3 
2.85 

2.84 

2.17 

6.22 

3.55 

2.35 
- 

3.71 6.1813.72 

4.53 5.62 17 

1.81 3.15 2.67 

- 7.15 4.62 

1.56 1.69 1.23 

4.32 7.47 2.36 

2.56 3.49 2.53 

3.42 3.98 - 
2.34 3.76 1.58 
2.41 4.83 - 
5.96 9 . 1  5.5 

4.89 6.87 - 
4.24 6.83 5 .1  

4.71 3.36 - 

2 0.22 1.47 0.69 0.40 1.28 0.51 5.9 0.37 0.88 0.59 0.86 1.64 2.87 1.14 

3 0.12 0.25 0.24 0.28 1.02 0.48 0.40 0.12 0.19 0.55 0.36 0.28 0.82 0.15 

4 0.03 0.09 0.10 0.10 0.20 0.15 0.32 0.09 0.18 0.12 0.11 0.14 0.17 0.11 

5 0.02 0.06 0.07 0.09 0.08 0.09 0.08 0.06 0.05 0.07 0.12 0.05 0.05 0.09 

6 0.07 0.05 0.07 0.07 0.11 0.10 0.07 0.05 0.06 0.15 0.07 0.06 0.09 0.07 

8 0.13 0.16 0.15 0.24 0.22 0.11 0.16 0.15 0.19 0.13 0.26 0.13 0.17 0.06 

Expressed in  lJg.dm-2.day-1; 

2.30 

0.59 

0.28 

0.09 

0.17 

0.10 

-: paper damaged (assay not carried out) 

Table 2 

Discussion 

- S t a t i c  c o l l e c t o r ,  p l a n t  content  c o r r e l a t i o n :  

A c o r r e l a t i o n  w a s  found between the  average annual  p o l l u t i o n  values ,  
ind ica ted  by t h e  s t a t i c  c o l l e c t o r s , a n d  t h e  corresponding l e v e l  of f l u o r i d e  
i n  the p l a n t  material (Fig. 2 ) .  The var iance  of the  r e s i d u e s  ( 1-5- d2y) 
wi th  r e s p e c t  t o  t h e  es t imated  s l o p e  of y i n d i c a t e s  t h a t  68% of t#e va lues  
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26 Bourbon and Rioufol 

l e r  62 

2 72 

3 66 

4 64 

5 6 0  

6 32 

7 31 

8 24 

9 21 

10 70 

11 70 

12 42 

1 3  53  

14 120 

15  68 

82 82 

120 20 

6 1  35.2 

17 20.6 

11 6.C 

14  11 

15 8 

14 7.5 

5 12  

20 8 

1 6  9.5 

19 8 

14 22.2 

36 16  

20 8.5 

June 
82 

18.2 

24.0 

17.4 

12.8 

15.2 

10.3 

11.4 

12.6 

9.4 

- 

11 
12.6 

11 

10.2 

10.6 

82 

79 

160 

32 

13  

15 

12 

10 

9 .2  

9.6 

14.4 

16.4 

17.5 

10.5 

11 

Table  3 

P l a n t  Values 

82 82 82 82 

12.6 21.6 17 21.2 

23 33 15.8 36 

10 15.5 13.5 23.5 

6.2 9 9.1 15.8 

9.5 11.5 17 20.5 

6 36.7 23.6 42.5 

8 .3  13.2 110 59 

9.2 11.5 10.4 11.5 

12  11 11 12.6 

9 8 .1  9.9 30 

12  11.5 28.3 36 

6 8 . 3  8.2 13.5 

13 32.4 21.3 47 

16.5 8.4 10.4 1 2 . 3  

L6.8 

b9.8 

15 

7.7 

18 

28 

20 
14.4 

7.6 

23 

20 

8.3 

26 
- 

15.5 

25 

21.7 

10.4 

13 
30 

30 
10.8 

11 
7.7 

15.4 

12.7 

28 

9.3 

F- I n  ppm d r y  p l a n t  m a t e r i a l  

Table 4 

8 3  

35 

45 

20.6 

6.4 

28 

14 

36 

19.5 

15.5 

11.5 

1 3  

10 

60 

11 

Wind Direct ion Frequency 

8 3  

10.7 

27.2 

10.4 

7.2 

7.6 

17  

40.6 

7.6 

13.7 

14.3 

9.6 

9 . 1  

21.2 

11.7 

Mar. 82 
Apr. 82 
nay 82 
June 82 
24 days 

Ju ly  82 
Aug. 82 
Sept. 82 

Oct. 82 
Nov. 82 
Dec.  82 
28 days 

Jan. 83 
Feb. 83 
Mar. 83 
Apr. 83 

Mean 
14 Months 

0.130 0.619 
0.200 0.561 

0.161 0.425 
0.167 0.479 

Month Calm N - W  S - E  S - W  

0.085 
0.078 
0.086 
0.167 

0.161 0.607 
0.032 0.549 
0; 100 0.367 

0.129 0.317 
0.200 0.323 
0.321 0.321 

0.129 0.269 
0.214 0.286 
0.258 0.543 
0.200 0.400 

0.179 0.434 

0.166 
0.161 

0.328 
0.187 

0.189 
0.371 
0.450 
0.398 
0.405 
0.233 

0.526 
0.446 
0.172 
0.200 

0.305 

0.043 
0.048 
0.083 
0.156 
0.072 
0.125 

0.076 
0.054 
0.027 

0.200 

0.091 

03 - 
2.6 

5 

0.4 
4 
- 
9 

9 

6 

9.e 

.1 

9.5 

4.5 

7.: 

5 

83 
1.5 

6 

8.2 

8.6 

9.3 
8 

6 

9.4 

8 

6.9 

6.8 

6.2 

7 

5.8 

(417 days) 
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F- P o l l u t i o n  Near Enamelling P l a n t s  27 

Figure 2 
Llnear Regression Static CollectorslPlants 

(annual mean) 

54 ug F-.dm-2.day-1 . 6 STATIC COLLECTORS VNLTS (annual mean) 

Y-1.4213 + .069 x ~- .5813 Significant p < 0.05 

remain grouped. This  c o r r e l a -  
t i o n  i s  only v a l i d  f o r  mean an- 
nual  v a l u e s ,  as shown by t h e  
a n a l y s i s  of t h e  r e s u l t s  f o r  t h e  
per iods March t o  September and 
October t o  February (Figs .3  and 
4 ) .  Comparing Figures  3 aml 
4 r e v e a l s  c o r r e l a t i o n  i s  almost  
nonexis ten t  f o r  the  per iod  Octo- 
ber  t o  February which demon- 
s t r a t e s  t h e  confounding e f f e c t  
of growth on t h e  f l u o r i d e  con. 
t e n t .  

The s tudy  of the v a r i a t j n n s  
occurr ing  over  a year  i n  t h e  ra- 
t i o  "ppm p l a n t  F-/ ug F-dm-2 day 

shows t h a t ,  dur ing  t h e  grow- -111 

ing  season,  
as a r e s u l t  
f l u o r i n e  i n  

p o s i t e  is observed from September t o  October - a per iod  
growth. However, i n  the  a r e a  enclosed by p o i n t s  11, 12 
t i o n  is n o t  as marked which sugges ts  the  presence of an 
of p o l l u t i o n  of a d i f f e r e n t  o r i g i n .  

- C o r r e l a t i o n  between s ta t -  
i c  and dynamic samplers: 

The r a t i o  'lug F- s ta t ic .dm 
-*.day-l/ug t o t a l  F-.m-3" can 
be considered t o  represent  t h e  
ra te  of f l u o r i d e  uptake by t h e  
s t a t i c  paper  (v = 1 x t-'). Four 
s ta t ic  samplers were placed i n  
the  v i c i n i t y  of four  dynamic 
samplers and comparison of t h e i r  
mean annual va lues  gives  a re- 
gress ion  l i n e  (Fig. 5 s lope  A ) .  
The c o r r e l a t i o n  is not  s i g n i f i -  
can t  owing t o  s t a t i o n  12. How- 
ever ,  t h e  r e g r e s s i o n  l i n e  ob- 
ta ined  from s t a t i o n s  3, 4 and 
5 (Fig.  5 s l o p e  B) is s i g n i f i -  
c a n t  t o  p < 0.1, even consi- 
der ing  t h e  low number of p o i n t s  
of comDarison. This f a c t  in- 

t h e  r a t i o ~ d e c r e a s e s  
of d i l u t i o n  of t h e  
t h e  p l a n t .  ".he op- 
of a t t e n u a t e d  p l a n t  
and 13 ,  t h e  var ia-  
a d d i t i o n a l  source  

Finure 3 

Linear Rep,ression Static CollectorslPlants 
(mean values from March to September) 

2 i 
' .. 30° 

0 
0 . / 

0 *' 
0 21. .. / /  

10. 0.  

' .. 20° 
0 .  .. 

/flC 

Static Collectors Values 

0. 
0 1  2 3 5 6 1 B 

ug .dK2 .  day-l 

0 
0 . / 

0 *' 
0 

d i c a t e s  t h e  presence of a d i f f e r e n t  type of p o l l u t i o n  a t  s t a t i o n  1 2  confirm- 
ing  the  i n t e r p r e t a t i o n  of the  p l a n t  F - / s t a t i c  F- r a t i o s .  

- C o r r e l a t i o n  between p l a n t  F and dynamic P: 

The r a t i o  "ppm p l a n t  F-/ug t o t a l  F-.m-3'1 shows t h a t  a t  s t a t i o n  1% very  
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2 .  

1. 
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y - 2 .671  + 0.916 
R - 0.315 X 

2'- - - -- _---- 
(stat ion 12) ::I _---- 

Dynamic Co lector Values f ug.m 

Figure 4 

Linear Regression S ta t i c  ColleccorsIPlants 
(mean values from October to February) 

7 1 a n t ; i  Content 

S ta t i c  Collectors 
ug.dm-2.day-' 

y 16.962 EXP. (.On2 X) R *212 

l i t t l e  f l u o r i d e  i s  taken up b y ,  
p l a n t s .  This  i s  u n l i k e  the sit- 
u a t i o n  a t  s t a t i o n s  2, 3 and 4 
and thus  provides  f u r t h e r  proof 
of the  d i f f e r e n c e  of t h i s  zone 
which is probably exposed t o  in- 
s o l u b l e  p a r t i c u l a t e  f l u o r i d e .  

- C o r r e l a t i o n  between s ta t ic  
sampler va lues  and t h e  d i s t a n c e  
from t h e  f a c t o r y :  

The l i n e a r  r e g r e s s i o n  of 
t h e s e  v a l u e s  fo l lows  t h e  equa- 
t i o n  y + 3.442 - 125 X. i n  which 
R = 0.394; t h e  c o r r e l a t i o n  i s  
s i g n i f i c a n t .  It is i l l u s t r a t e d  
i n  Figure 6 where curve (a )  re- 
p r e s e n t s  t h e  t h e o r e t i c a l  va lues  
c a l c u l a t e d  by m u l t i p l e  regres-  
s i o n  a g a i n s t  t h e  d i s t a n c e  from 
t h e  f a c t o r y ,  and curve (b) re- 
p r e s e n t s  t h e  v a l u e s  a c t u a l l y  

measured. Tvo s p e c i a l  cases become-apparent: s t a t i o n  6 w i n g  t o  i t s  oro- 
graphic  p o s i t i o n ,  and s t a t i o n s  11, 12 and 13 which are subjec ted  t o  an  ad- 
d i t i o n a l  source  of p o l l u t i o n .  

firmed by t h e  f a c t  t h a t  t h e r e  
w a s  absence of c o r r e l a t i o n  be- 
tween the  parameter  "pg F-.dm 
-2.day-1" and d i r e c t i o n .  

The rate of HF uptake by Figure 5 
Linear Regression Static  CdlectorslDynamic Collectors t h e  s t a t i c  samplers w a s  n o t  af- 

f e c t e d  by wind d i r e c t i o n  as con- Static Collector vplucs ,, ug.dm-2.day-1 

m y  * 0.558 + 12.412 X 

6 }  1 * g*:",.l, 

Figure 7 r e p r e s e n t s  t h e  
c o r r e l a t i o n s  between the  p l a n t  
f l u o r i d e  c o n t e n t  and t h e  d i s -  
s t a n c e  from t h e  p o l l u t i o n .  

- P o l l u t i o n  i n  t h e  urban 
c e n t e r :  

The l e v e l s  of p o l l u t i o n  
measured i n  t h e  c e n t e r  of t h e  
town were very low; they were 
almost c o n s t a n t  dur ing  the en- 
t i re  year  and were n o t  i n f l u -  
enced by c l o s u r e  of t h e  fac to-  
r y  dur ing  t h e  month of August 
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Figure 6 

and Sampling Station Position 
Correlation Betveen Static  Collector Values 

Static  Collector Values 
ug.dm-2.day-1 

44 

1 1  V Sampling Station 
2 3 4 5 6 7 8 9 l o 1 1  1 2 P 1 4 U  

a= theoretical curve R. 0.60 
b. experimental curve 

which can be expla ined  by 
the  s c r e e n i n g  e f f e c t  of t h e  
b u i l d i n g s .  The p o l l u t  on 
measured corresponds t o  ur- 
ban a c t i v i t y :  i t  r e p r e s e n t s  
only h a l f  t h e  mean average 
p o l l u t i o n  of a l a r g e  indus- 
t r i a l  zone near  the  area 
s tudied .  

Conclusion 

The c o r r e l a t i o n s  es tab-  
l i s h e d  between the  l e v e l s  of 
p o l l u t i o n  measured by t h e  
s ta t ic  samplers ,  t h e  dynarr,ic 
Samplers, and the  p l a n t  f l u -  
o r i d e  c o n t e n t ,  i n d i c a t e  t h a t  
the  s t a t i c  samplers  (which 
are f i n a n c i a l l y  advantageous, 
easy t o  set up And do n o t  re- 

qui re  an energy source)  are b e s t  adapted t o  the  s tudy of long-term f l u o r i d e  
p o l l u t i o n .  They mainly measure HF, t h e  most harmful t o  human h e a l t h  when 
inhaled (9) and t h e  most phytotoxic  f o r  t h e  environment. 

Figure 7 
Correlation Between ppm Plant F- and 

Sampling S ta t ion  Pbsit ion 

Plant F- 
PPm 

SAMPLING STATION 
5 6 7 8 9 10 ll 12 13 14 b :. theore t i ca l  curve R~ 0 . 5 6 ~  

b. experimental curve 
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LEVEL OF F- I N  ENAMEL SPOTS UNDER FLUORIDATION AND 
TRACE CONCENTRATIONS OF F- I N  DRINKING WATER 

Z. Janczuk, K. Opalko, K. L is iecka ,  
and E. Domzalska 
Szczecin,  Poland 

SUMMARY: Epidemiological i n v e s t i g a t i o n  of d e n t i t i o n  of 
c h i l d r e n  made a f t e r  e i g h t  years  of water f l u o r i d a t i o n  in 
Szczecin revea led  t h e  occurrence of d i s turbances  of enam- 
e l  m i n e r a l i z a t i o n  in about 8% of i n v e s t i g a t e d  c h i l d r e n .  
In order  t o  e x p l a i n  t h e  cause of observed enamel s p o t s ,  
t h e  l e v e l  of f l u o r i d e  in enamel, s a l i v a  and u r i n e  of 
c h i l d r e n  w a s  es t imated.  The l e v e l  of enamel and u r i n e  
f l u o r i d e  w a s  h igher  in c h i l d r e n  wi th  enamel s p o t s  than 
in c h i l d r e n  with sound enamel. The l e v e l  of f l u o r i d e  i n  
s a l i v a  w a s  almost equal  i n  a l l  c h i l d r e n .  Additionally, 

~ ~~~ 

From t h e  Department of Conservat ive Stomatology. Medical Academy, Szczecin,  
Poland. Presented a t  t h e  11th  conference of the  I n t e r n a t i o n a l  Society for 
Fluor ide  Research, Apr. 8-10, 1981, Dresden. 
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the ques t ionnai res  taken from mothers of inves t iga ted  
ch i ldren  revealed t h a t  the  ch i ldren  with enamel spots  
took more a n t i b i o t i c s  and other drugs during the  f i r s t  
t h ree  years  of t h e i r  l i f e  than the ch i ldren  wi th  sound 
enamel. 

K E ~  WORDS: Water f luo r ida t ion ;  Enamel minera l iza t ion  disturbances;  Fluo- 
r i d e  i n  enamel and urine 

In t roduct ion  

In  1977, we performed an epidemiological study of 7829 preschool and 
school ch i ldren  I n  Szczecin t o  eva lua te  an 8-year program of f luo r ide  pro- 
phylaxis which consisted of water f luo r ida t ion  ( 1  ppm) i n  one region of 
the  town and contact f l uo r ide  prophylaxis i n  a l l  ch i ldren  regard less  of 
the  region (1) .  
about 8% of Inves t iga ted  ch i ldren ,  occurred more o f t en  i n  the  f luor ida ted  
(11%) than i n  nonfluoridated w a t e r  region (6%). 

Mater ia l  and Methods 

Disturbances of enamel mineralization,which were found i n  

In  order t o  expla in  the  background of observed changes, 472 ch i ldren  
aged 7 t o  10 were inves t iga ted ,  including 364 ch i ldren  wi th  enamel miner- 
a l i z a t i o n  disturbances and 108 wi th  normal enamel as cont ro ls .  The inves- 
t i g a t i o n  cons is ted  of :  1 )  c l i n i c a l  evaluation of enamel, taking in to  con- 
s ide ra t ion  the  presence of chalky white t o  l i g h t  brown spots  as well  a s  
hypoplasias of enamel, 2) es t imat ion  of t he  l eve l  of f l uo r ide  i n  enamel 
(both with spo t s  and normal), s a l i v a  and ur ine  i n  ch i ldren .  

The enamel biopsy w a s  taken from the  upper r i g h t  c e n t r a l  i nc i so r s .  
The too th  t o  be biopsied w a s  i so l a t ed  with cotton r o l l s  and s o f t  debr i s  
w a s  removed. Next, the l a b i a l  su r f ace  of the  tooth w a s  abraded by means 
of s t e r i l e  rubber cup and a s l u r r y  cons is t ing  of q u a r t z i t e  i n  glycerol.  
Sampled enamel w a s  co l l ec t ed  and placed i n t o  a p l a s t i c  tube. 

The f luo r ide  l e v e l  i n  enamel, s a l i v a  and ur ine  w a s  determined by an 
ion s e l e c t i v e  f luo r ide  e l ec t rode  - Orion Research Inc.  Parents  of inves- 
t i ga t ed  ch i ldren  were requested t o  f i l l  ou t  questionnaires t o  e s t ab l i sh  
the  course of the  mother's pregnancy and medicines taken by both mother 
and ch i ld .  

Resul t s  

C l in i ca l  evaluation of d i s turbances  of enamel minera l iza t ion  i n  in- 
ves t iga ted  ch i ldren  is presented i n  Tables 1, 2,  3 and 4. Table 1 re- 
vea l s  that,among the ch i ldren  wi th  disturbances of enamel minera l iza t ion  
i n  both r eg lons , the  percentage of spo t s  and hypoplaslas was similar and 
t h a t  the  percentage of hypoplasia i n  both regions was higher 
ch i ldren  (9-10 years )  than i n  the  younger ones (7-8 years ) .  

i n  o lder  

From Table 2 i t  can be seen t h a t  i n  s p i t e  of s i m i l a r  mean age of 
ch i ldren  of a l l  groups, the  average number of erupted t ee th  w a s  higher i n  
ch i ldren  from the f luor ida ted  a rea  than i n  the  nonfluoridated area.  

??LUORIUE 
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Table 1 
Enamel Spot8 and Bypopladas in Children from Both RegfOM 

I luor lda ted  Water Nonfluoridated Water 
Age E-1 Spots Wpoplaaias Total2 Enamel Spots H y p p  laai.8 Total% 

7 - 8 117 90.7% 12 9.3% 100 17 94.4% 1 5.6% 100 
9 - 10 109 86.5% 17 13.5% 100 31 84.1% 5 13.9% 100 
Total 226 88.6% 29 11.4% 100 48 88.9% 6 11.1% 100 

Table 2 

Mean Age of Children and Average Number of Permanent Teeth 

Region Group of Children Number of In- Mean Averaye Num- 
ves t igated Age ber  of Perorr- 
Children neat  Teeth - 

Fluoridated Diclturbances of 255 8.5 14.2 
water enamel minerali- 

za t ion 
N o l u l  enamel 109 8.3 13.0 

Nonfluori- Disturbances of 54 8.8 14.9 
dated water enamel mineral€- 

za t ion 
Normal enamel 54 8.5 12.0 

Table 3 

Average Number of Teeth with Enamel Spots and Hypoplaclias 
Fluorida red IJa ter Nonfluoridated Water 

Average Number of Teeth Avenge Number of Teeth 

Age E ~ w l  Spots Hypoplasias Enamel Spots H m p l a s i a s  

7 - 8  5.4 7.8 3.0 6.0 

9 - 10 7.1 7.6 4.2 6.2 

Total  6.2 7.7 3.8 6.1 

Table 4 

Prevalence of Disturbances of Enamel Uineral izat ion 
i n  Separate Groups of Teeth 

Region Age % of Teeth v i t h  % of Teeth v i t h  
Enamel Spots Hypoplasias 

Inc isors  Premolars Molars Incisors  Premolars Molars 

Plu-xidated 7 - 8 38.1 0.5 12.0 38.1 2 .1  27.3 

9 - 10 21.1 12.0 7.8  27.9 6.8 7.5 Water 

Total 27.9 7.4 9.5 31.1 5.4 13.6 
Nonfluori- 7 - 8 28.6 - - 50.0 - 10.0 

dated Hater 9 - LO 18.0 5.0 1 . 7  18.1 3.2 1 1 . 7  
Total 20.8 3.7 1.3 21.1 2.9 11.5 

Table 3 shows t h a t  the  average  number of t e e t h ,  bo th  wi th  s p o t s  and 
hypoplasias ,  w a s  r a t h e r  h igh  i n  comparison w i t h  t h e  average number of 
e rupted  permanent t e e t h  shown i n  Table 2 and they w e r e  h igher  in c h i l d r e n  
from t h e  f l u o r i d a t e d  area, 
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Table 4 i l l u s t r a t e s  t h e  preva lence  of  d i s t u r b a n c e s  of enamel mineral-  
i z a t i o n  i n  t h e  s e p a r a t e  groups of t e e t h .  The percentage  of t e e t h  wi th  
enamel s p o t s  w a s  h igher  i n  the f l u o r i d a t e d  water r e g i o n  whereas t h e  per-  
centage of t e e t h  w i t h  enamel hypoplas ias  w a s ,  i n  g e n e r a l ,  s i m i l a r  i n  
c h i l d r e n  from both  reg ions .  Table  4 a l s o  shows t h a t  enamel minera l iza-  
t i o n  d i s t u r b a n c e s  occurred i n  both  areas ,most  o f t e n  on i n c i s o r s , a n d  t h a t  
t h e  percentage of t e e t h  both  w i t h  s p o t s  and hypoplas ias  w a s  h igher  i n  
c h i l d r e n  aged 7 t o  8 ,  than i n  o l d e r  ones.  

F igure  1 demonstrates  t h e  mean level of f l u o r i d e  i n  enamel of c h i l d -  
ren  of a l l  i n v e s t i g a t e d  groups. The h i g h e s t  l e v e l  (5190.5 ppm) w a s  found 
i n  enamel s p o t s  of t e e t h  i n  c h i l d r e n  from t h e  f l u o r i d a t e d  area. However, 
t h e  r e l a t i v e l y  high l e v e l  of  4 6 8 2 . 6  ppm f l u o r i d e  w a s  found i n  c h i l d r e n  
from t h e  f l u o r i d a t e d  area, wi thout  any m i n e r a l i z a t i o n  d i s t u r b a n c e s .  The 
d i f f e r e n c e s  between t h e  two groups w e r e  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 .  
The d i f f e r e n c e s ,  however, between t h e  mean l e v e l  of  f l u o r i d e  i n  enamel of 
c h i l d r e n  r e s i d i n g  i n  f l u o r i d a t e d  and nonf luor ida ted  areas were s t a t i s t i c -  
a l l y  s i g n i f i c a n t .  

The mean l e v e l s  of f l u o r i d e  i n  saliva are p r e s e n t e d  i n  F igure  2 .  I n  
both groups of c h i l d r e n  mean d i f f e r e n c e s  between levels  of s a l i v a  f l u o -  
r i d e  and u r i n a r y  f l u o r i d e  were 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  as shown i n  
F igure  3. 

F igure  1 

Mean Level  of F luor ine  i n  Enamel 
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The percentage of mothers of i n v e s t i g a t e d  c h i l d r e n  who took medicines  
dur ing  pregnancy. shown i n  Table  5 ,  w a s  low b u t  s l i g h t l y  h i g h e r  i n  mothers 
of c h i l d r e n  from t h e  f l u o r i d a t e d  reg ion  w i t h  d i s t u r b a n c e s  of enamel miner- 
a l i z a t i o n .  

Table  6 p r e s e n t s  t h e  percentages  of  c h i l d r e n  who were t a k i n g  f l u o r i d e  
and i r o n  dur ing  t h e  f i r s t  t h r e e  y e a r s  of l i f e .  The percentage  of c h i l d r e n  
tak ing  f l u o r i d e  i n  t a b l e t s  w a s  low. except  f o r  t h e  group w i t h  enamel miner- 
a l i z a t i o n  d i s t u r b a n c e s  from t h e  nonf luor ida ted  a r e a .  I r o n  w a s  t aken  by 

FLUORIDE 
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Figure 3 

i n  Urine 
%an Level of Fluorine c h i l d r e n  of a l l  groups more o f t e n  

than f l u o r i d e ,  e s p e c i a l l y  by ch i ld-  
r e n  from the  nonf luor ida ted  a r e a .  pp 4 g,&gys&K- 

FLUORIDATED NONFLUORIDATED 
WATER WATER 

from b i r t h  t o  3 y e a r s  were not  e x a c t  

According t o  Table 7,  i n v e s t i -  
gated c h i l d r e n  o f t e n  used a n t i b i o -  
t i c s ,  t h e  frequency of which w a s  
h igher  among c h i l d r e n  w i t h  enamel 
m i n e r a l i z a t i o n  d is turbances  wi th  no 
regard t o  the  region.  However, an- 
t i b i o t i c s  were taken more o f t e n  by 
c h i l d r e n  aged 1 t o  3. 

Because t h e  d a t a  obta ined ,  in 
response t o  ques t ionnai res ,  from pa- 
r e n t s  regard ing  n u t r i t i o n  of mothers 
during pregnancy and of  c h i l d r e n  
, they were not  u t i l i z e d .  

Table 6 
Table 5 

Z of Ibtherr Taking Hedicinea Ikiring Pregnancy 
Percentaae of Children Taking Fluoride and Iron 

Region Croup of Children 

Water mineralization 
Fluoridated Diaturbmcca of -1 15.2 

brvl a u D E l  1 .8  

Nonfluori- Diaturbmces of -1 1 .4  

Croup. of Birth-1 yr. 1-3 yrr. 
Children I ?e Fe Reaion 

dner*iu- 4 . 3  19.5 7 . 8  21.1 

6.4 13.8 6.4  17.4 
nuoridaced tioa diacurbmcce 
water 

norvl * n u 1  

dated Water mineralization C n u l  l i n e r a l i r r  7 .4  24.1 13.0 27.7 

w-1 en-1 5.7 18.9 5.7 30.2 
Normal en-1 '" Nonfluori- tion diacurbancea 

dated water 

Discussion 

Dental f l u o r o s i s  has  been recorded from f l u o r i d e  n a t u r a l l y  i n  dr inking  
water (2-7.9) below t h e  l e v e l  which is being recommended f o r  t e e t h ,  as w e l l  
as from a r t i f i c i a l l y  f l u o r i d a t e d  water (8,9) .  According t o  r e c e n t  d a t a ,  
7.1 t o  15.1% enamel s p o t s  were observed i n  Cuban c h i l d r e n  where dr inking  wa- 
ter conta ins  0 .1  t o  0.8 ppm T ( 7 ) .  
I n  two low f l u o r i d e  (0.05 t o  0 .41  Table 7 

ppm) d i s t r i c t s  i n ' F i n l a n d ,  41% Percentage of Children Taking Ant ibiot ics  
and 74% of t h e  c h i l d r e n  respec- 
t i v e l y ,  had enamel mot t l ing  (in- 
c luding  the  "quest ionable"  cate- 

Region Groups o f  
Children 

Birth-1 yr .  1-3 y c s .  

gory) and. i n  a f l u o r i d a t e d  (1.08 Enamel n ineral iza-  6 1 . 3  82 .0  
ppm) conununi t y ,  t h e  incidence w a s  disturbances 
98% ( 9 ) .  %ny a d d i t i o n a l  ins tan-  
ces could be c i t e d .  

Normal enamel 39.5 6 8 . 8  

Enamel mineraliza- 53.7 83 .4  

49 .0  73 .6  

water 

Nonfluori- tion disturbances 
Use of f l u o r i d a t e d  water i n  dated water enamel 

c o m e r c i a 1  food process ing  is 
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known t o  i n c r e a s e  food F- conten t .  Thus consumption of f l u o r i d e  i n  food- 
s t u f f s ,  i n  a d d i t i o n  t o  f l u o r i d a t e d  water, cannot h e l p  b u t  cause f l u o r i d e  
i n g e s t i o n  t o  rise as observed by Marier and Rose (10) who repor ted  t h a t  
d i e t a r y  F-, excluding dr inking  water, averaged 1.0 t o  2.0 mg per  day and 
t h a t  foods and water  combined may provide a d a i l y  F- i n t a k e  o f  2 t o  3, 
even 5 mg F' (10). 

or 

The r e s u l t s ,  obtained i n  t h i s  s tudy ,  revea l ing  the  h igher  l e v e l  of f lu -  
o r i d e  i n  enamel s p o t s  of t e e t h  i n  c h i l d r e n  from the  f l u o r i d a t e d  area 
g e s t  t h e  r o l e  which f l u o r i d e s  may play i n  the pathogenesis  of observed 
t e r a t i o n s .  

sug- 
a l -  

Another f a c t o r  which may be connecced with the  enamel s p o t s  observed 
i n  examined c h i l d r e n  i s  the  high i n t a k e  of a n t i b i o t i c s  and i r o n  by ch i ld-  
ren  up t o  age three .  The s i d e  e f f e c t s  of t e t r a c y c l i n e s  t o  hard d e n t a l  
tissues have been observed by many au thors .  Changes of enamel were ob- 
served i n  60.3% of t e e t h  i n  c h i l d r e n  who had been given t e t r a c y c l i n e  a n t i -  
b i o t i c s  dur ing  t h e  f i r s t  two years  of l i f e  (10). 

Although t h e  descr ibed  s p o t s  are considered mild, enamel mineral iza-  
t i o n  d i s t u r b a n c e s  cannot be d is regarded ,  and i n d i c a t e  t h e  n e c e s s i t y  f o r  
b e t t e r  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  our  environment and t h e  u r n -  
prehensive l i m i t a t i o n  of drugs,  e s p e c i a l l y  t e t r a c y c l i n e s  adminis tered t o  
c h i l d r e n .  

1. 

2. 

1. 

2. 

3. 

4. 

5. 

6. 

Conclusions 

The observed enamel s p o t s ,  d i s turbances  of m i n e r a l i z a t i o n ,  are caused 
by many f a c t o r s .  
I n  t h e  development of these  s p o t s ,  f l u o r i d e s ,  a n t i b i o t i c s ,  and o t h e r  
drugs  as w e l l  as n u t r i t i o n  may play a n  important  r o l e .  
between t h e  above-mentioned f a c t o r s  cannot be excluded. 
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FLUORIDE DISTRIBUTION I N  TWO SALT-AFFECTED SOILS 

by 

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

SUMMARY: I n  horizon samples of two s a l t - a f f e c t e d  
s o i l s  from an area where soils are n a t u r a l l y  high 
i n  F-, t o t a l  r w a s  r e l a t e d  t o  c l a y  conten t .  The 
propor t ion  of F- found i n  coarse  f r a c t i o n s ,  how- 
ever ,  w a s  h igher  than i n  t h e  l i t e r a t u r e .  The F- 
o r i g i n  and soil t e x t u r e  are the main cause of 
these  r e s u l t s .  Only one soil could b e  considered 
evolving towards a "normal" E- d i s t r i b u t i o n .  Fac- 
t o r s  a f f e c t i n g  these  processes  inc lude  the  topo- 
g r a p h i c a l  p o s i t i o n  of t h e  soils, h e i g h t  of phrea- 
t i c  waters, and c l imate .  

The r e s i n - e x t r a c t a b l e  F- w a s  low and w a s  no t  
r e l a t e d  t o  soil phosphorus, t o  o t h e r  soil proper- 
ties, o r  t o  o t h e r  soil F components, thereby giv- 
i n g  rise t o  doubts  about  t h e  advantage of t h i s  
kind of soil determinat ion.  The CaC12-soluble F 
v a l u e s  were high and showed a good c o r r e l a t i o n  
w i t h  soil pH but  were not  r e l a t e d  t o  o t h e r  soil 
F- forms. Data on F- i n  organic  matter are simi- 
lar  t o  those  i n  o t h e r  soils. 

WORDS: F- i n  soil f r a c t i o n s ;  Labi le  F; Soluble  0; F- in organic  m a t  
ter; S a l t - a f f e c t e d  soil 

From PROSAG Facul tad  de Agronomia - UBA, Av. San Mart in  4453 - 1417 Buenos 
Airer, Argent ina 
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In t roduct ion  

Some s a l i n e  and a l k a l i n e  s o i l s  from w e s t  Buenos Aires Province a r e  
high i n  so luble  F-, as the  r e s u l t  of the  c a p i l l a r y  r i s e  of high F ground- 
water (1 ,2) .  The d i s t r i b u t i o n  of F- compounds is almost unknown i n  these 
s o i l s .  The r e l a t ionsh ips  between some s o i l  c h a r a c t e r i s t i c s  and so luble  
o r  t o t a l  F a r e  the  only ones which have been s tud ied  (2-4). 

To f i l l  t h i s  information gap, we have considered: 

1 ) .  The F- d i s t r i b u t i o n  i n  the  three  s o i l  t e x t u r a l  f r a c t i o n s  (sand, 
s i l t  and c l ay ) ,  about which l i t t l e  is  known. The few d a t a  which a r e  ava i l -  
ab l e  show a c lose  r e l a t ionsh ip  between P and c lay  content ( 5 ) .  

2).  and 
may be r e l a t e d  to  s o i l  phosphorus (6).  The r e l a t i o n s h i p  between f luo r ide  
and phosphates w a s  shown e a r l y  by Robinson and Edington (7) i n  s o i l s  both 
P-rich n a t u r a l l y  and enriched through chemical f e r t i l i z a t i o n  (7 ,8 ) .  

The d i lu t e - sa l t - so lu t ion  ex t r ac t ab le  F-, which is  a measure of 
s o l u b i l i t y  of s o i l  F- compounds, so lub le  F and weakly absorbed F- (10). 

The F- bound t o  organic matter,  which i s  usua l ly  low ( 5 ) .  

The r e s i n  ex t r ac t ab le  F-, which is a measure of l a b i l e  F- 

3).  

4 ) .  

Material and Methods 

Samples of horizons ( sur face  and subsurface s o i l  1ayers)from two s o i l  
p r o f i l e s  were taken near  t he  town of C. Tejedor (province of Buenos Aires,  
Argentina). The s o i l s  (an En t i so l  and an Al f i so l )  represent  t h e  more im- 
por tan t  s o i l  orders of s a l t - a f f ec t ed  of the  area (Hurtado and Gimenez, Per- 
sona l  communication). The s o i l s  were similar t o  those numbered 3 and 4 
respec t ive ly  i n  a previous paper where add i t iona l  s o i l  c h a r a c t e r i s t i c s  a r e  
recorded (2). 

The s o i l s  a r e  covered by ha lophyt ic  vege ta t ion  ( e spec ia l ly  s o i l  1 ) .  
The s o i l s  are not used f o r  crops, nor have they been plowed o r  f e r t i l i z e d  
with phosphorus. They are used f o r  grazing (mainly s o i l  2).  

Af te r  removal of organic matter wi th  hydrogen peroxide,  the  s o i l s  
were f r ac t iona ted  i n t o  sand, s i l t ,  and c lay .  The sand f r a c t i o n  w a s  sepa- 
r a t ed  by wet s i ev ing  (300 mesh). The s i l t  and c lay  f r a c t i o n s  were sepa- 
r a t ed  by repeatedly siphoning of f  t he  c lay  ( 5 ) .  The volume of c lay  sus- 
pension w a s  reduced by water evaporation a t  l o w  temperature. 
each s o i l  f r a c t i o n  w a s  ex t rac ted  by steam d i s t i l l a t i o n  wi th  s u l f u r i c  ac id  
a t  165°C and pe rch lo r i c  ac id  a t  135°C ( 9 ) .  

The F- i n  

Resin ex t r ac t ab le  F- was obtained by the  following procedure: S o i l  F 
w a s  re ta ined  using a Dowex 1-X8, 20-50 U.S. mesh r e s i n  and leached from 
i t  using a d i l u t e  aqueous Na2SO4 s o l u t i o n  (6).  Soluble F- w a s  ex t r ac t ed  
wi th  CaC12 so lu t ion  i n  a 3 : l  r a t i o  t o  s o i l  (10). F- bound t o  organic  mat- 
t e r  w a s  obtained by removal of organic  matter with sodium hypochlor i te  ( 5 ,  
11).  F- determination i n  the  d i f f e r e n t  e x t r a c t s  was  performed by titri- 
metry wi th  thorium n i t r a t e  i n  the  presence of a l i z a r i n  red  S ( 9 ) .  
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Also determined were: s o i l  t ex tu re  ( p i p e t t e ) ;  ava i l ab le  P (Bray Kurtz 
No. 1 )  ; and s o i l  pH (pas te ) .  

Resul t s  and Discussion 

Table 1 shows the  F- content i n  the  th ree  main s o i l  s i z e  f r a c t i o n s  
and the  proportion of F cont r ibu ted  by these  f r a c t i o n s  t o  t o t a l  F-. The 
h ighes t  absolu te  va lues  were found i n  t h e  c lay  f r a c t i o n  (see Table 2).The 
r e s u l t s  a r e ' i n  accordance wi th  those published by Omueti and Jones (51, 
bu t  with the  following d i f fe rence :  they found, on an average, 1.3% of the 
t o t a l  i n  t he  sand, 37.3% i n  the  s i l t ,  and 61.3% i n  the  c lay .  We found 
on an average 32.5% of the t o t a l  F i n  the  sand, 30.6% i n  the  s i l t ,  and 
36.9% i n  the  clay.  

The r e s u l t s  of Omueti and Jones as wel l  as those of o the r  authors 
(121, could be considered as t h e  i d e a l  F d i s t r i b u t i o n  i n  s o i l s  subjec ted  
t o  r a i n f a l l  leaching, e luv ia t ion ,  and a component r e d i s t r i b u t i o n  i n  the 
p r o f i l e .  I n  t h i s  process the c l ay  f r a c t i o n  becomes enriched i n  F-. Omue-- 
t i  and Jones showed t h a t  s o i l s  wi th  lower degrees of development had l e s s  
F- i n  the  c l ay  f r ac t ion .  

Our r e s u l t s  suggest t h a t  F- enrichment w a s  due t o  c a p i l l a r y  r i s e  of 
groundwater (2).  A por t ion  of the F i n  s o l u t i o n  w a s  adsorbed by the 
s o i l  c o l l o i d s  but ,  because of t he  low c lay  conten t ,  a s i g n i f i c a n t  por t ion  
of the  so lub le  F had t o  be adsorbed o r  p rec ip i t a t ed  on the  mineral  sur -  
face  of o the r  s o i l  f r ac t ions .  

I n  the  En t i so l ,  found i n  a low topographic pos i t i on  wi th  a high phre- 
a t i c  water l e v e l  (around 0.60 m depth) the  above-mentioned process i s  
st i l l  opera t ive ,  which expla ins  why, i n  these  s o i l s ,  the  abso lu te  and re- 
l a t i v e  proportion of F- i n  coarse  p a r t i c l e s  was high and the  t o t a l  F- pro- 
f i l e  w a s  ascendant. 

In the  Al f i so l ,  loca ted  i n  a medium pos i t i on  i n  the  landscape, with 
a r e l a t i v e l y  low phrea t i c  water l e v e l  (around 2m depth),  some kind of F- 
r e d i s t r i b u t i o n  is occurring, and the  F is being adsorbed and concentrat-  
ed i n  the  c lay  enriched horizons ( B  and BC)(see F- p r o f i l e  i n  Table 1 ) .  
These horizons have a F- d i s t r i b u t i o n  i n  the  s o i l  f r a c t i o n  s i m i l a r  t o  
t h a t  found by Omueti and Jones (5) i n  s o i l s  wi th  an "ideal" F- d i s t r ibu -  
t ion .  

Resin-extractable F' values  shown i n  Table 1 were lower than those 
found i n  the  l i t e r a t u r e  (6,lO). The res in-ex t rac tab le  F w a s  not re la -  
t ed  t o  o the r  s o i l  p rope r t i e s  such as ava i l ab le  P, pH, t o t a l  F-, and F 
i n  c lay  f r a c t i o n  (r:0.47; 0.30; 0.21 and 0.32 r e spec t ive ly ) .  

The CaC12 solution-soluble f w a s  h igher  than the  va lues  given 
the  l i t e r a t u r e  (6,lO). The r a t i o  of res in-ex t rac tab le  F t o  CaC12-solu- 
b l e  F- which, according t o  Omueti and Jones (5) ,  i s  around 50 w a s  only 
2 here. This f ind ing  could exp la in  the  apparent use lessness  of the  re- 
s in-ex t rac tab le  F- values i n  these  s o i l s ,  and the  cause could l i e  i n  the 
l o w  P content (13) and the  o r i g i n  of F i n  these  s o i l s .  

i n  
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The CaC12-soluble T w a s  n o t  r e l a t e d  t o  s e v e r a l  s o i l  p r o p e r t i e s  
such as t o t a l  F-, F- i n  c l a y  f r a c t i o n ,  and r e s i n - e x t r a c t a b l e  F- (r:0.33; 
0.36 and 0.38 r e s p e c t i v e l y )  b u t  i t  w a s  r e l a t e d  t o  soil pA as found by 
o t h e r s  (10) and as expected from o u r  own previous d a t a  (2)  ( see  Table 2) .  

l a r  

1. 

2. 

3. 

4 .  

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

1 2 .  

13. 

F- v a l u e s  i n  organic  matter of s u r f a c e  hor izons  (Table 1) are s i m i -  
t o  those  i n  o t h e r  s o i l s  ( 5 ) .  
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EFFECTS OF FLUORIDE ON RABBITS FED LOW CALCIUM DIET 

by 

Hitsuru Tsuchida and Fumiyoshi Yanagisawa 
Tokyo, Japan 

SUMMARY: Rabbits were fed a low Ca d i e t  (Ca:0.4%) 
o r  a normal Ca d i e t  (Ca:1.6%) f o r  8 weeks s t a r t i n g  
5 weeks a f t e r  b i r t h .  Subsequently they were given 
0 ,  5 and 15 mg F/kg i n t r a  e r i t o n e a l l y .  Decrease 
i n  serum t o t a l  C a  and Cad and delay i n  recovery 
as w e l l  a s  increase  i n  the  serum glucose l eve l  were 
more marked i n  the low Ca group than i n  the normal 
Ca counterpart .  F- w a s  r e t a ined  i n  serum f o r  a 
long time and urinary excre t ion  w a s  markedly de- 
creased i n  the  low Ca group. That changes i n  the  
t o x i c i t y  and metabolism of F- occur when the  d i e t  
is low i n  Ca w a s  confirmed. 

WORDS: Fluoride; Low calcium d i e t ;  Serum calcium l e v e l s ;  Serum glucose 
l eve l ;  Rabbits 

In t roduct ion  

In  d iscuss ing  the  sa fe ty  and tox ic  e f f e c t  of f l uo r ide  (F) on the 
l i v i n g  body, i t  is  important t o  give due consideration t o  n u t r i t i o n a l  
conditions,  p a r t i c u l a r l y  i n  calcium (Ca) intake.  I n  Japan, where C a  in- 
take i s  low (Japanese average da i ly  Ca in take  was 546 mg i n  198 l ) ,  about 
one ha l f  t o  one t h i r d  t h a t  of Western count r ies  ( l ) ,  the Incidence of 
mottled t e e t h  is high desp i t e  a low f luo r ide  l eve l  i n  dr inking  water (2 ,  
3). South 
India where C a  in take  is low (4,5).  These r epor t s  suggest a c lose  re la -  
t ionship  between Ca in take  and f luo ros i s  and t h a t  the  F t o x l c i t y  i s  in- 
creased by low Ca intake.  

The incidence of f l u o r o s i s  was p a r t i c u l a r l y  high i n  p a r t s  of 

Based on' these cons idera t ions ,  experiments were conducted to  study 
the e f f e c t  of F on r abb i t s  given a low Ca  d i e t  with s p e c i a l  reference to  
the  serum Ca and glucose l eve l s .  

Material  and Methods 

Rabbits were fed  f o r  8 weeks, beginning a t  5 weeks of age, d i f f e r e n t  
d i e t s  i n  terms of Ca content,  namely low Ca d i e t  (Ca: 0.4g/lOOg) and nor- 
mal C a  d i e t  (Ca: 1.6g/lOOg). Rabbits, weighing about 2.5 kg,were divided 
i n t o  th ree  groups of f i v e  r abb i t s  according t o  Ca  in take .  Af te r  sodium 
f luo r ide  w a s  i n j ec t ed  i n t o  the abdomen, f luc tua t ions  i n  components of se- 
rum and u r ine  were observed. Sodium f luo r ide  was given i n  doses of 0 
( con t ro l ) ,  5 and 15 mg F/kg of body weight. 

From the Medical Research I n s t i t u t e ,  Tokyo Medical and Dental University,  
No. 3-10, 2 Chome, Kanda-Surugadai Chiyoda-ku, Tokyo, 101 Japan. 
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After in jec t ion  of 5 mgllkg in to  abdoarn. - Noma1 Ca dicr 0---Q L O W  Ca d i e t  

After in jec t ion  of 15 agP/kg in to  abdomen. 
(Preinject ion l e v e l  s e t  a t  100%). 

Concentrat ions of F in serum and u r i n e  were measured by t h e  f l u o r i d e  
ion e l e c t r o d e  method (6).  Serum t o t a l  Ca l e v e l s  w e r e  determined by atom- 
i c  a b s o r p t i o n  spectrophotometry (7) and serum i o n i z e d  Ca (Ca*) 
w i t h  Orion Model '3-20 ion ized  calcium analyzer  (8). 
cose were measured by the  OTB method (9) .  

Resul t s  

l e v e l s  
Serum va lues  of glu- 

F l u c t u a t i o n s  i n  serum t o t a l  Ca  and Ca*: Before i n j e c t i o n  of  F, t h e  
serum t o t a l  Ca was 1 2 . 7  mg/dl f o r  the group which had rece ived  a normal 
C a  d i e t ,  and 10.4 mgfdl f o r  the group on a low C a  d i e t .  
were h a l f  of  the  t o t a l  serum Ca. Ca", which is not  l inked  t o  p r o t e i n s  
i n  the  blood,  p l a y s  an important  phys io logica l  r o l e  i n  l i v i n g  t h i n g s .  

The Caw levels 

To compare degrees  of f l u c t u a t i o n  between groups fed  low Ca and those  
f e d  normal Ca, f l u c t u a t i o n s  in t h e  l e v e l s  o f  serum t o t a l  C a  and Ca* are 
shown i n  F igures  1 and 2 with  t h e  p r e i n j e c t i o n  level set  a t  100%. 
each i n j e c t i o n ,  t h e  t o t a l  C a  and Ca* l e v e l s  dropped s h a r p l y ;  t h e  lowest 
l e v e l  was reached a f t e r  about 1 hour ,  a f t e r  which l e v e l s  g r a d u a l l y  r e t u r n -  
ed t o  those observed p r i o r  t o  i n j e c t i o n .  As i s  d i s c e r n i b l e  from Figures  
1 and 2 ,  the  drop i n  t o t a l  C a  and Caw serum l e v e l s  was more conspicu- 
ous f o r  groups fed  low Ca than to r  those fed  normal Ca, and recovery w a s  
f a r  s lower.  When 15 mp F/kg w a s  i n j e c t e d ,  d i f f e r e n c e s  were n o t i c e d  a f t e r  
4 hours;  no signs of  recovery were observed i n  groups fed low C a  even at-  
ter a l a p s e  of  24 hours .  There were no changes in t h e  t o t a l  Ca and Caw 
serum l e v e l s  in t h e  c o n t r o l  groups f e d  low and normal C a  d i e t s .  
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It is  apparent  t h a t  the metabolism of serum Ca  i s  markedly inf luenced 
by F e s p e c i a l l y  when d i e t s  are low i n  Ca.  

F l u c t u a t i o n s  i n  t h e  serum glucose l e v e l :  F luc tua t ions  i n  t h e  serum 
glucose l e v e l  a f te r  i n j e c t i o n  of 5 and 15 mg F/kg, are shown i n  F igs .  3 
and 4 with t h e  p r e i n j e c t i o n  l e v e l  set a t  100%. I n  c o n t r a s t  t o  f luc tua-  
t i o n s  i n  serum Ca l e v e l s ,  serum glucose l e v e l s  r o s e  sharp ly  a f t e r  an  in- 
j e c t i o n .  
t i o n  l e v e l  about  4 hours  l a te r .  The serum glucose l e v e l  i s  more a p t  t o  
rise i n  the  low Ca  groups than  i n  those fed  normal C a ;  the  former re turn-  
ed t o  normal a t  a s lower r a t e  than  t h e  lat ter.  P a r t i c u l a r l y  i n  the low 
Ca groups, the  serum glucose l e v e l  r o s e  considerably a f t e r  15  mg F/kg w a s  
i n j e c t e d .  Even a f t e r  a l a p s e  of 24 hours ,  i t  had not  re turned  t o  the  pre- 
i n j e c t i o n  l e v e l .  No changes occurred i n  e i t h e r  of t h e  c o n t r o l  groups. 

The l e v e l  w a s  h i g h e s t  a f t e r  1 hour and re turned  t o  t h e  pre in jec-  

Figure 3 
Fluctuations in Serum Glucose Indices 

x lak 140 
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100 - 
0 - - - 0  - Lou N o t  Ca d i e t  Ca: group group 

b---------- - -_  

U ‘  
0 1  4 ; ‘1-4 
(Preinjection level set at 1001) after injection 
of 5 .eF/kg into .Morn 

Figure 4 

W ’  I ,, hr . , 
Y 

0 1  6 8 2 4  
After injection of 15 F/kg into abdorr.. 

Based on these  r e s u l t s ,  t h e  serum glucose l e v e l  of t h e  low Ca group 
r o s e  promptly and re turned  t o  norlqal l e v e l s  only a f t e r  cons iderable  delay.  

F luc tua t ions  i n  serum F l e v e l s  i n  low C a  and nonnal C a  group: Fluc- 
t u a t i o n s  i n  F serum l e v e l  are i n d i c a t e d  i n  Tables  1 and 2. Whereas the  
low Ca groups and those  fed normal Ca d i d  n o t  d i f f e r  i n  t h e  amount of t i m e  
r e q u i r e d  t o  reach t h e  h i g h e s t  serum F l e v e l ,  subsequent e l i m i n a t i o n  of F 
from t h e  serum d i f f e r e d  s i g n i f i c a n t l y .  
a b l e  amount of i n j e c t e d  F remained i n  t h e  serum and w a s  n o t  completely 
e l imina ted .  
remained i n  t h e  serum of t h e  l o w  Ca group. 4 tims as much as i n  the  nor- 
m a l  C a  group, namely 0.11 ppm, a s i g n i f i c a n t  d i f f e r e n c e .  The q u a n t i t y  of 
F discharged through t h e  ur ine  f o r  a per iod up t o  24 hours a f t e r  in jec-  
t i o n  of  F i s  shown i n  Fig.  5 .  
of F, d i scharge  w a s  s i g n i f i c a n t l y  lower f o r  the  low Ca groups than  
those fed normal C a  (p < 0.01 i n  both c a s e s ) .  
1% of F- was discharged,  f a r  less than  i n  t h e  normal C a  group namely 10%. 

I n  t h e  low Ca groups, a consider- 

Tbenty-four hours  a f t e r  i n j e c t i o n  of 15 mg F/kg, 0 .41 ppm F 

A f t e r  i n j e c t i n g  two d i f f e r e n t  q u a n t i t i e s  
f o r  

In  the  l o w  Ca group, only 
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Table 1 

Fluc tua t ions  i n  Mean Value and Standard 
Deviat ion of Serum F Level 

H r  . 
D i e t s  0 15' 30' 1 h r .  4 hr .  8 h r .  24 h r .  

Low C a  d i e t  0.036 13.2 7.28 3.35 0.45 0.19 0.06 
group 20.005 k 1.83 20.74 20.87 20.41 20.11 0.01 

Normal C a  d i e t  0.032 12.0 6.79 0.86**0.39 0.16 0.04* 
group tO.001 5 2.05 21.44 k0.38 k0.21 kO.10 0;005* 

A f t e r  i n j e c t i o n  of 5 mg F/kg i n  low C a ,  and normal C a  groups 

* P < 0.05; ** P < 0.01; Unit: ppm 

From such dynamics of F- i n  serum and ur ine  (Tables 1, 2 and Fig.  5), 
i t  w a s  found t h a t  i n j e c t e d  F w a s  long r e t a i n e d  i n  the  serum and ur inary  
e x c r e t i o n  markedly decreased i n  t h e  low Ca groups. 

Table 2 

Fluc tua t ions  i n  Mean Value and Standard 
Deviat ion of Serum F Level 

H r  . 
D i e t s  

Low C a  d i e t  0.035 39.8 32.7 24.2 2.20 1 . 5 1  0.41 
group k0.003 k4.51 21.90 23.25 k0.64 20.46 20.20 

Normal C a  d i e t  0.034 39.2 30.4 17.4' 1.37" 0.38** 0.11* 
group k0.002 23.11 k4.92 22.68 k0.40 20.15 20.02 

After  i n j e c t i o n  of 15 mg F/kg i n  low Ca, and normal Ca groups 

' P < 0.1; * P < 0.05; ** P < 0.01; Unit: ppm 

Discuss i o n  

With r e s p e c t  t o  the drop i n  serum C a  l e v e l  caused by F, Fujimoto e t  
a l .  (10) proposed the  fol lowing model equat ion t o  e x p l a i n  serum t o t a l  Ca 
and Ca* l e v e l s  r e s u l t i n g  from the  mechanism shown above: 

[ ~ a - - ~ r o t e i n ] 2 ~ a *  + P r o t e i n ,  
Ca* + F? [ C a p ]  + F s C a F 2  

Based on t h i s  formula and the behavior  of serum C a  a f t e r  F adminis- 
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Figure 5 

Urinary F-. 24 Hours After F- Injectjon 
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t r a t i o n  i n  r a b b i t s  fed  a low Ca d i e t  
both t o t a l  Ca and Ca* i n  serum is  usu- 
a l l y  lower than i n  the  group fed normal 
Ca .  This i nd ica t e s  t h a t  the  capac i ty  
t o  i n a c t i v a t e  the  t o x i c i t y  of F-through 
r eac t ion  with the  F- which entered the 
blood stream and f r e e  protein-bound 
Ca* i n  blood, ( i . e . ,  t he  capacity t o  
compensate f o r  drop i n  Ca concentration 
i n  a s h o r t  period of time including ab- 
so rp t ion  from bone) i s  smal l .  The d i f -  
fe rence  i s  considered t o  have caused a 
marked drop i n  serum t o t a l  Ca and Ca*, 
a delay i n  recovery and a marked eleva- 
t i o n  i n  the  serum glucose l e v e l  i n  the  
low C a  d i e t  group compared t o  the  nor- 
mal Ca  d i e t  group. The e l eva t ion  of 
serum glucose r e s u l t i n g  from F- admin- 
i s t r a t i o n ,  caused by i n h i b i t i o n  of gly- 
c o l y t i c  enzyme a c t i v i t y  such a s  enolase 
and phosphoglucomutase (ll), is  marked 
i n  the  low Ca d i e t  group, the  l e v e l  of 
a c t i v e  F- i n  serum is  high and reten- 

t i o n  prolonged. 

Furthermore, phenomena s p e c i f i c a l l y  r e l a t e d  t o  i n h i b i t i o n  of F- ex- 
c re t ion ,  such as prolonged r e t e n t i o n  of F i n  serum and d r a s t i c  reduction 
i n  ur inary  F- ,were  a l s o  observed i n  the low Ca d i e t  group a f t e r  F adminis- 
t r a t i o n .  This phenomena may be a t t r i b u t e d  t o  the f a c t  t h a t  r eac t ion  pro- 
duc ts  of F-, C a F  o r  CaF2 are read i ly  excre ted  i n t o  ur ine .  Therefore,  i n  
t he  low Ca d i e t  group, wi th  l i t t l e  Ca* t o  mobilize f o r  r eac t ion  with F, 
a change i n  the  somatic metabolism of F could be observed. I n  o ther  
words, Ca i n  serum plays  t h e  dual r o l e  of lessening  the  t o x i c i t y  of F- by 
binding with F- which has  a l ready  en tered  the  body, a s  we l l  a s  cont r ibu t -  
i ng  t o  F- excre t ion  from the  body. The di f fe rences  observed between rab- 
b i t s  given a low Ca d i e t  and those given a normal Ca d i e t  a r e  considered 
t o  r e s u l t  from a d i f f e rence  i n  serum C a  l e v e l s .  

Conclusion 

These phenomena have no t  been observed previously,  It has been con- 
firmed t h a t  changes take p lace  i n  F- metabolism and t o x i c i t y  when Ca con- 
sumption I s  low. Thus, i n  count r ies  where d i e t a ry  in take  of Ca is  low, 
such as Japan and India ,  f l uo r ide  may have more se r ious  tox ic  e f f e c t s  
than elsewhere. Studies of the  e f f e c t s  which might a r i s e  from o r a l  ad- 
min i s t r a t ion  of NaF a r e  underway. 

References 

1. WHO: Calcium Requirements. Report of an FAOfWHO Expert Group. WHO 
Tech. Rep. Ser .  No. 230, 1962. 

2. Kitagawa, Y., Ueno, S . ,  Mitsuyama, K., e t  al . :  S tudies  on the  Cornmu- 

FLUORIDE 



3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

n i t y  Heal th ,  E s p e c i a l l y  Rela t ionship  Between the  Morbid i t ies  of Mot- 
t l e d  Teeth and the C o n s t i t u e n t s  of Drinking Water i n  a High F Water 
Area, Funaki Town, Yamaguchi P r e f e c t u r e .  Ann. Rep. I n s t .  1nd.Health 
Yamaguchi Med. Sch. 7:121-131, 1957. 
Nose, Y . :  Epidemiological Study on Dental F l u o r o s i s .  F luor ide  R e s . ,  

J o l l y ,  S.S., Singla ,  V.P., Sharma, R. ,  e t  a l . :  Endocrine Aspects of 
Endemic F luoros is .  F luor ide  7:208-219, 1974. 
Teot ia ,  S.P.S., Teot ia ,  M., and Teot ia ,  N.P.S.: S k e l e t a l  F luoros is .  
Roentgenological  and His topa thologica l  Study. F luor ide ,  9:91-98,1979 
H a l l ,  L.L., Smith, F.A., and Hodge, H.C.: Direct Determination of 
I o n i c  F luor ide  i n  B i o l o g i c a l  F lu ids .  Cl in .  Chem.. 18:1455-1458,1972. 
W i l l i s ,  J.B.: The Determinat ion of Metals i n  Blood Serum by Atomic 
Absorpt ion Spectroscopy. I. Calcium. Spectrochim. Acta, 16:259-272, 
1960. 
I n s t r u c t i o n  Manual, Space-stat  20 Ionized  Calcium Analyzer, Orion 
Biomedical Div is ion  of Orion, Inc. ,  Cambridge, Mass., 1976. 
Sasaki ,  M. : An Ultramicro-color imetr ic  Method f o r  the  Determinat ion 
of Plasma Glucose w i t h  0-Toluidine Boracic Acid. Jap.  J. Cl in .  Path.  

Fujimoto, T . ,  and Okuda, H.: The Act ion of F luor ide  on the  Calcium 
P r e t r e a t e d  Blood. J. Pharmaceut. SOC. Jap. ,  95:1119-1123, 1975. 
Hamilton, I . R . :  E f f e c t s  of F luor ide  on Enzymatic Regulat ion of Bac- 
terial Carbohydrate Metabolism. Caries R e s . ,  11, suppl .  1:262-291, 
197 7. 

1 : 36-45, 1981. 

12:434-437, 1964. 

********** 

A PRELIMINARY INVESTIGATION OF INDUSTRIAL nUOROSIS 
I N  A HIGH FLUORIDE AREA OF CHINA 

by 

Yang Zhi l ing ,  Luo Yihua, Zhang Liansheng, Zhao AhengPing, 

Sun H a i * ,  and Lin Huilan* 
Changsha, Hunan and Guiyan, Guizhou, China 

ou Yanghua, Ma Weiguo, Sha Peizhen*, 

SUMMARY: This  paper r e p o r t s  an  i n v e s t i g a t i o n  of i n d u s t r i a l  
f l u o r o s i s  i n  an  area of  Guizhou province,  China, with f luo-  
r i d e  i n  d r i n k i n g  water up t o  12.5 ppm. I n  view of the  ep i -  
demiological  a n a l y s i s ,  t h e  n a t i v e  workers have s u f f e r e d  du- 
a l  e f f e c t s  from f l u o r i d e .  The c l i n i c a l  m a n i f e s t a t i o n s ,  x-ray 
s k e l e t a l  changes and l a b o r a t o r y  f i n d i n g s  d i f f e r e d  
from t h e  o r i g i n a l  endemic f l u o r o s i s  b u t ,  a l s o ,  from simple 
i n d u s t r i a l  f l u o r o s i s .  The a u t h o r s  cons ider  the r e s u l t s  s ig-  
n i f i c a n t  and recommend f u r t h e r  s t u d i e s .  
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I n t r o d u c t i o n  

I n  1932 i n d u s t r i a l  f l u o r o s i s  w a s  descr ibed  f o r  the f i r s t  t i m e  i n  Dan- 
i s h  c r y o l i t e  workers (1) .  Roholm thoroughlv descr ibed  t h i s  d i s e a s e  i n  h i s  
c l a s s i c a l  book ( 2 ) .  Subsequent ly ,  a d d i t i o n a l  cases  have been repor ted  
from numerous c o u n t r i e s  around t h e  world (3) .  However, r a r e l y  has  the  
hazard of i n d u s t r i a l  f l u o r i d e  i n  a high f l u o r i d e  area been noted.  On the 
o t h e r  hand bony l e s i o n s  whether i n d u s t r i a l ,  o r  endemic, o r  b o t h ,  must al- 
so be i d e n t i f i e d .  I n  t h i s  s t u d y  t h e  n a t i v e  workers came from a high f l u -  
o r i d e  area and had e i t h e r  been exposed t o  d r i n k i n g  water o r  foods high i n  
f l u o r i d e  p r i o r  t o  employment. Thus, t h e  t a r g e t  organs,  t e e t h  o r  bones had 
very l i k e l y  been adversely a f f e c t e d  and w e r e  c o n t i n u a l l y  b e i n g  damaged by 
i n d u s t r i a l  p o l l u t i o n  dur ing  employment. On t h i s  account a pre l iminary  in-  
v e s t i g a t i o n  w a s  c a r r i e d  o u t  t o  eva lua te  the  problem. 

Material and Methods 

From 700 workers, 146 male workers w e r e  s e l e c t e d  by mass screening  
i n  an aluminum p l a n t .  They were s u f f e r i n g  from higher  than  0-1 i n d u s t r i a l  
f l u o r o s i s  according t o  Diagnos t ic  Criteria descr ibed  i n  a previous publ i -  
c a t i o n  (41, and were d iv ided  i n t o  the  fo l lowing  two groups: 

1. 95 Nat ives  whose ages ranged from 27-52 years  (average 40.4) and 
t h e  d u r a t i o n  of whose employment averaged 15.41 y e a r s  (4-26) had been re- 
s i d i n g  i n  Xian X i  o r  B i  Jie d i s t r i c t s ,  Guizhou province - where endemic 
f l u o r o s i s  h a s  been previously repor ted  (5,6) - from 13 t o  31 y e a r s  p r i o r  
t o  employment. 

2 .  5 1  workers from another  province,  where f l u o r o s i s  w a s  no t  endem- 
i c ,  ranged i n  age from 29-61 y e a r s  (average 44.6) ; their employment per iod  
averaged 18.2 y e a r s  (6-30) . 

C l i n i c a l  examination w a s  supplemented by s k e l e t a l  x-rays. Orthope- 
d i c  and d e n t a l  examination i n  a d d i t i o n  t o  e lec t rocard iograms were c a r r i e d  
out .  The f l u o r i d e  content  i n  u r i n e  and enamel of the  t e e t h  w a s  measured 
(7 ) .  

Regarding symptomatology, post-employment complaints  of workers were 
genuine : 

Workers were examined wi th  re ference  t o  v a r i o u s  l a r g e  j o i n t  movements 
of the  forearms,  shoulders ,  knee and h i p  j o i n t s  r e s p e c t i v e l y .  Examinatfon 
of enamel m o t t l i n g  w a s  performed according t o  Dean's index  and enamel saw 
p l e s  were c o l l e c t e d  s imultaneously by d e n t i s t s .  L a s t l y ,  r o u t i n e  ECG 
check-up w a s  recorded using 9 l e a d s .  

92 workers i n  an opencut alumina mine, s i t u a t e d  50 km d i s t a n t  from 
t h i s  fac tory ,wi thout  i n d u s t r i a l  p o l l u t i o n  by f l u o r i d e ,  were s e l e c t e d  a t  
random as c o n t r o l s .  The f l u o r i d e  conten t  i n  u r i n e  of 72 workers and t h e  

FLUORIDE 



48 Zhi l ing ,  Yihua, Liansheng, e t  a l .  

enamel of the  t e e t h  i n  20 workers was analyzed f o r  f l u o r i d e .  Samples col-  
l e c t e d  from t h e  environs of  t h e  alumina mine, inc luding  d r i n k i n g  water, 
soil and vegetab les  were a l s o  analyzed f o r  f l u o r i d e  as w e l l  
of t h e  workshop and i ts  surroundings.  

as the a i r  

Resul t s  

1. The potroom of t h i s  p l a n t  uses  " v e r t i c a l  s tud  Soderberg c e l l s "  
i n  the e l e c t r o l y s i s  process .  i n  
an open e l e c t r o l y z e r ,  HF and fumes with c o a l  tar p i t c h  were emit ted from 
p o t s .  

I n  r e c e n t  y e a r s  23 samples averaged 2.98 mgIm3. two times t h e  permiss ib le  
l e v e l  i n  China Outside,  the  atmosphere w a s  s e r i o u s l y  
p o l l u t e d  by f l u o r i d e  emission.  100 meters (westward), i t  had increased  
40.6 - 62.9 times (6.007 mg HF/day, mean v a l u e ) ,  which w a s  above t h e  per- 
m i s s i b l e  l e v e l  i n  China. 

The p l a s t e r  of carbon anode is roas ted  

F- l e v e l s  monitored i n  t h e  workshop ranged from 0.87 - 3.18 mg/m3. 

namely, 1 mg HFfm3. 

F luor ide  i n  dr inking  water, soil, rice, Chinese cabbage and c e l e r y  
were determined by using F- e l e c t r o d e ;  each sample w a s  analyzed 6 times. 
Resul t s  are summarized i n  Table 1. 

Table 1 

Fluoride Content of Drinking Water, S o i l  

mgl k g  and Foods 

Place of Drinking Water S o i l  Chinese 
sampling ( p p d  m l  g l  kg Rice cabbage 

Mine area f o r  0.2 (Tap Water) 583.3 2.7 2.9 

Celer: 

c o n t r o l  (280.0-760.0) (2.6-2.8) (2.5- 3.0) 

Leeward p o s i t i o n  
of workshop 11.7 (Well) 
(50-300 meters)  (10.9-12.5) 

1.64* 3.1  8.5 
(1.3-2 .O) (2.8-3.6) (8.2-9.: 

Windward p o s i t i o n  
of workshop 1098.33 6.5** 2.6 - 
(100-2000 meters)  (1000 .O-1580 .0) (6.3-7 -0) (2.2-3.3) 

*Sample from canteen and nonlocal  r i c e .  **Sample from l o c a l  market. 

The r e s u l t s  i n d i c a t e d  t h a t  f l u o r i d e  i n  d r i n k i n g  water ,  from the tap ,  
was low i n  accordance with previous s t u d i e s  ( 5 , 6 ) .  The soil and l o c a l  
s t a p l e  foods ( inc luding  the  mine a r e a )  contained F- a t  h igh  l e v e l s  com- 
pared wi th  t h e  low f l u o r i d e  area of Guizhou province (6) .  Moreover, ow- 
ing  t o  i n d u s t r i a l  p o l l u t i o n ,  t h e  f l u o r i d e  l e v e l  i n  w e l l  water near t h e  
workshop contained f l u o r i d e  a t  a s e r i o u s l y  high l e v e l .  Thus, the area 
under s tudy s u f f e r e d  dua l  e f f e c t s  from f l u o r i d e .  

Complete c l i n i c a l  d a t a  were obta ined  on 115 nonendemic cases ; the  2. 
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analyses  were as fol lows:  

(1) i n  7 6  n a t i v e s ,  the  mean age and per iod  of employment were s h o r t e r  
than those of the  39 nonendemic workers. 
y e a r s  of age and 15.4 years  of employment, compared t o  44.6  and 18.2 res- 
p e c t i v e l y  of t h e  nonendemic group. Among n a t i v e  cases who s u f f e r e d  from 
f l u o r o s i s  the  degree of s e v e r i t y  w a s  as fol lows:  27 cases i n  s t a g e  0-1, 34 
i n  s t a g e  1, 12 i n  s t a g e  2 ,  and 3 i n  s t a g e  3 .  

The n a t i v e  group averaged 4 0 . 4  

The degree of f l u o r o s i s  was usua l ly  r e l a t e d  t o  the d u r a t i o n  of resi- 
dence i n  the  endemic area. I n  o t h e r  words, dura t ion  of res idence  of the  
cases  above s t a g e  1 who had been r e s i d i n g  i n  the  high f l u o r i d e  area . f o r  
13-31 y e a r s  (average 20.1) w a s  longer  than  i n  those of s t a g e  0-1, namely 
14-28 y e a r s  (average 18.8) .  Respecting the  degrees  of s k e l e t a l  f l u o r o s i s  
i n  t h e  nonendemic group with the except ion of 28 cases  i n  s t a g e  0-1. a l l  
were i n  s t a g e  1. I n  s p i t e  of the f a c t  t h a t  t h e i r  average age w a s  o l d e r  
and they had been employed longer ,  n e i t h e r  s t a g e  2 nor  s t a g e  3 w a s  iden- 
t i f i e d  among them. 

(2) 
Table 2.  

The c l i n i c a l  mani fes ta t ions  of the  two groups are presented  i n  

A common f i n d i n g  among the  n a t i v e s ,  poor n u t r i t i o n  and below average 
growth, w a s  a s s o c i a t e d  with markedly increased  symptoms. P h y s i c a l  exami- 
n a t i o n  revea led  t h a t ,  i n  90% of p a t i e n t s  c l a s s i f i e d  i n  s t a g e  2 o r  s t a g e  3 ,  
r e s t r i c t i o n  of  j o i n t  movement coincided w i t h  abnormal o s s i f i c a t i o n  around 
bones o r  a r t i c u l a r  degenerat ion.  

( 3 )  Concerning chronic  nasopharyngi t i s ,  the  frequency i n  t h e  n a t i v e s  
w a s  h igher  than among t h e  nonendemic group, poss ib ly  a t t r i b u t a b l e  t o  t h e i r  
l a c k  of  personal  hygiene and i n c o r r e c t  use of labor  p r o t e c t i o n  devices .  

Table 2 

Comparison of C l i n i c a l  Manifestat ions of Two Groups 
( P o s i t i v e  Percentage %) 

C l i n i c a l  Manif.estations Native Nonend emi c 
( 7 6  cases)  ( 3 9  cases)  

Neurasthenia  syndrome 
Abdominal pa in  
Backache 
R e s t r i c t e d  j o i n t  movement 
Chronic nasopharyngi t is  
Enamel mot t l ing  
Lesions on sur face  of t e e t h  
Dental  caries 
Per iodont ia  

*p < 0.05; **p < 0.01 

21.05 
18.42 
76.32* 
69.74** 
52.62* 
66.22** 
13.51* 
10.81* 
8.11 

23.08 
10.26 
51.28 
28.21 
3 3 . 3 3  

0 
3 8 . 4 6  
30 .77  

2 . 5 6  
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(4) Dental  examination revea led  t h a t  66.2% of the  n a t i v e  group had 
d e n t a l  f l u o r o s i s ,  90.6 % of which were ca tegor ized  h i g h e r  than t h i r d  de- 
gree according t o  Dean’s index.  I n  the  nonendemic group, the corroded 
appearance on the  s u r f a c e  of the  t e e t h  appeared t o  be caused by hydroflu- 
o r i c  a c i d  e r o s i o n .  

I n  genera l ,  enamel m o t t l i n g  can only occur when f l u o r i d e  is absorbed 
p r i o r  t o  e r u p t i o n  of permanent t e e t h .  Therefore ,  i n  the  p r e s e n t  s tudy ,  
i t  is recognized t h a t  d e n t a l  f l u o r o s i s  would not  occur  i n  a d u l t s  from ex- 
posure to  f l u o r i d e  and t h a t ,  i n  n a t i v e  workers, enamel m o t t l i n g  w a s  t h e  
r e s u l t  of exposure t o  f l u o r i d e  endemically p r i o r  t o  employment. 

Routine ECG checkup w a s  c a r r i e d  o u t  on 108 cases, 72 of whom were na- 
t i v e s  and 36 were nonendemlc. The frequency of abnormal i t ies  w a s  h igher  
i n  n a t i v e s  than i n  the  nonendemic (41.7 versus  30.5%). Analysis  of the  
abnormal ECG f e a t u r e s  revea led  t h a t  s i n u s  arrhythmias  were more f r e q u e n t ;  
s i n u s  arrhythmia and/or  bradycard ia  were found i n  40%; t h e  remainder had 
var ious  conduction b locks ,  T wave changes (V3, V5), premature b e a t s  and a 
few myocardial ischemias. The myocardium and a r t e r i e s  may have been dam- 
aged by f l u o r i d e  (8’9) .  According t o  t h i s  i n v e s t i g a t i o n ,  ECG changes 
were more e v i d e n t  i n  n a t i v e  workers. 

3. Analysis  of radiograms of the  p e l v i s ,  forearms and lower l e g s  
are presented i n  ‘Cable 3. 

According t o  x-ray s k e l e t a l  f i lms .  t h e  main change i n  both n a t i v e  
and nonendemic workers w a s  o s t e o s c l e r o s i s .  The degree of s k e l e t a l  l e s i o n s  
w a s  more s e v e r e  i n  the  n a t i v e s  than  in the  nonendemic group. I n  t h e  na- 
t i v e s ,  p e l v i c  t rabeculae  became l inen- l ike ,  bone s t r u c t u r e  marble- l ike 
but  n o t  i n  t h e  nonendemic workers (Table 3) .  Regarding o s s i f i c a t i o n  
around bone o r  a r t i c u l a r  degenera t ion ,  some f requencies  of occurrence i n  
both groups were approximately the same. With r e s p e c t  t o  p e l v i c  deform- 
i t y  t h e  natives,particularly,seem t o  have s u f f e r e d  from osteomalacia  due 
t o  m a l n u t r i t i o n  o r  calcium d e f i c i e n c y  dur ing  e a r l y  development. 

4 .  The u r i n a r y  f l u o r i d e  i n  both groups (102 cases; i n t e r v a l  24 h r s .  
i n  the major i ty)  averaged 3.3 mg/l (0.4-19.8) compared with the average 
of  0.9 mg/l (0.2-8.1) in mine workers n o t  exposed t o  i n d u s t r i a l  f l u o r i d e  
p o l l u t i o n  (p < 0.01) .  Moreover, the  n a t i v e  group averaged 4.0 m g / l  (0.4- 
19.8) and the  nonendemic group 2.3 mg/l (0.6-15.5) r e s p e c t i v e l y .  The d i f -  
fe rence  between the groups w a s  s i g n i f i c a n t  (p  < 0.01). Urinary f l u o r i d e  
l e v e l s  showed t h a t  the body burden of f l u o r i d e  w a s  h igher  i n  n a t i v e s  than  
i n  nonendemic workers. 

F luor ide  i n  enamel of t e e t h  w a s  determined accord ing  t o  procedures  
descr ibed  by Brudevold e t  a l .  (7) .  The enamel sample w a s  taken from the  
r i g h t  maxi l la ry  c e n t r a l  i n c i s o r  by biopsy and performed as c o n s i s t e n t l y  
as poss ib le .  Samples f o r  a n a l y s i s  were s e l e c t e d  from 82 cases ,  32 na- 
t i v e s ,  30 nonendemic, and 20 c o n t r o l s .  S i g n i f i c a n t  d i f f e r e n c e s  (p<0.05) 
i n  enamel F l e v e l s  were found between the  two i n d u s t r i a l  f l u o r i d e  groups 
average i n  the  n a t i v e s  w a s  2888.2 ppm (399.2- 20,267.3) i n  the  nonendem- 
i c  940.5 ppm (119.1 - 14.597.1). Between the  3 groups,  the average enam 
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Table 3 

comparison of I L o  Groups on Radiological Findings i n  Skeleton 
(Posi t ive Percentage Z) 

Radiological Findings Na t ive  Nonendemic 
(95 cases) (51 cases)  

Pelvis :  
Various degrees of densi ty  in- 

creases  79.0 45.1 
Trabeculae gauze-like* 22.1 1 7 . 4  
Trabeculae linen-like** 18.9 0 
Bone s t r u c t u r e  marble-like*** 3.7 0 
Deformity 20.0 5.9 

Increase of density i n  ex- 
tremity bones: 
Forearms 5.26 0 
Lover legs  1.37 0 

interosseous membranes: 
Sacrosp inosum 16.8 3.9 
Iliolumbale 31.9 51.0 
Obturator ia  66.3 51.0 
Porearum 66.3 45.1 
Lover legs  81.1 82.4 

Ar t icu lar  degeneration (calci-  
f i c s t i o n s  i n  the capsule. 
chondrocalcinosis and osteo- 
phytes) : 
Elbow 23.2 9.8 
Knee 35.8 33.3 

Oss i f ica t ion  of ligaments and 

*Trabeculae - s l i g h t l y  coarse; **Trnbeculne - obviously coarse;  
***Trnbeculae - no longer d iscern ib le ,  bone s t r u c t u r e  white 

nnd marble-like . 

e l  F- l e v e l  w a s  lowest  i n  c o n t r o l s ,  namely 818.5 ppm (129.0-7525.8). I n  
the  c o n t r o l  group, which c o n s i s t e d  mainly of l o c a l  mine workers ,  75% had 
d e n t a l  f l u o r o s i s .  It i s  suggested t h a t  t h e  f l u o r i d e  had only accumulated 
on the  s u r f a c e  of t h e  enamel, which l e d  t o  e l e v a t i o n  of enamel F; i t  d i d  
not  cause enamel m o t t l i n g  which is a s s o c i a t e d  with i n d u s t r i a l  f l u o r i d e  
p o l l u t i o n .  

Discussion 

An a t tempt  w a s  made t o  determine t h e  degree of hazard due t o  indus- 
t r i a l  f l u o r o s i s  i n  a high f l u o r i d e  area of  China. Our f i r s t  l o c a l i t y  of 
i n v e s t i g a t i o n  w a s  a n  endemic f l u o r i d e  area. I n  previous s t u d i e s  ( 5 ,  6)  
the  c h i e f  cause of f l u o r o s i s  had been a t t r i b u t e d  t o  foodborne f l u o r i d e  
which concurred wi th  our  i n v e s t i g a t i o n  s i n c e  t h e  F l e v e l  i n  d r i n k i n g  wa- 
ter  w a s  only 0 .2  mg/l. 

Actua l ly ,  t h e  n a t i v e  workers were s u f f e r i n g  "double-effect"  from du- 
a l  sources  of  f l u o r i d e ,  i n  view of the  f a c t  t h a t  some of them had probably 
been a f f e c t e d  by endemic f l u o r o s i s ,  wi th  d e n t a l  o r  s k e l e t a l  m a n i f e s t a t i o n s  
or both ,  p r i o r  t o  employment. 

Nonendemic workers, who were only exposed t o  i n d u s t r i a l  p o l l u t i o n ,  
s u f f e r e d  as d i d  n a t i v e s .  However, i n  cases of i n d u s t r i a l  f l u o r o s i s ,  the  
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mani fes ta t ions  were the same (10) .  In  workers exposed t o  f luo r ide  dur- 
i ng  childhood, chronic  f l u o r o s i s  seemed more severe  than i n  those f i r s t  
exposed t o  f l u o r i d e  a s  i n d u s t r i a l  workers. On the  whole, w e  conclude with 
the fol lowing thoughts: 

In n a t i v e  workers (endemic p lus  i n d u s t r i a l  f l u o r i d e ) ,  the d i sease  
w a s  d i s t i n c t  from simple i n d u s t r i a l  f l u o r o s i s .  The average employment pe- 
r iod  fo r  developing s k e l e t a l  f l u o r o s i s  was 15.4 years .  This  per iod was 
s h o r t e r  than t h a t  of previous s t u d i e s  (3,lO) i n  which 12 cases  (15.9 %) 
had advanced t o  s t a g e  2,and 3 cases  (4.0 %> t o  s t age  3. C l i n i c a l l y ,  the  
l e v e l  of n u t r i t i o n  and s t a t u s  of  the  body were i n f e r i o r  and some symptoms 
were more f requent .  Abnormal ECGs were common. Radiological ly ,  the  de- 
gree of s k e l e t a l  l e s i o n s  w a s  more severe.  Enamel mot t l ing  became a pre- 
dominant s i g n  wi th  e leva ted  enamel F- l e v e l s .  As long a s  i n d u s t r i a l  pol- 
l u t i o n  remained a t  the  same l e v e l ,  u r inary  f l u o r i d e  content  w a s  high. 

In  China, the  n u t r i t i o n a l  l e v e l  of workers is super ior  t o  t h a t  of a 
peasant .  Therefore ,  i n  s p i t e  of the  f a c t  t h a t  bone l e s ions  were found ex- 
tens ive ly  a t  s t a g e  3, r a r e l y  w e r e  s c o l i o s i s ,  kyphosis ,  and se r ious  malfor- 
mation on e x t r e m i t i e s  observed. Thus the degree of s k e l e t a l  l e s ions  was 
l i k e l y  t o  be moderate. Due t o  inha la t ion  of ma te r i a l s  from i n d u s t r i a l  
p o l l u t i o n ,  the  frequency of chronic  nasopharyngi t is  was obviously e leva t -  
ed. In a d d i t i o n  t o  enamel mot t l ing ,  f l uo r ide  deposi ted o n  the  su r face  of 
the  enamel caused F- l e v e l s  t o  be markedly high.  

Conclusion 

We b e l i e v e  t h a t  the  dua l  sources  of f l u o r i d e  a r e  s i g n i f i c a n t  and 
should not  be d is regarded .  As the  r e s u l t  of  our  i nves t iga t ion ,  w e  sug- 
ges t  the fol lowing:  

1. Fac to r i e s  emi t t i ng  f l u o r i d e  should no t  be loca ted  i n  high f luo-  
r i d e  a reas .  

2. For the  sake  of s a f e t y ,  persons with endemic f l u o r o s i s  should 
not  be employed where they a r e  exposed to  a d d i t i o n a l  f l uo r ide .  
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EFFECT OF FLUORIDE ON SOFT 
TISSUES I N  VERTEBRATES 

(A REVIEW) 

by 

P.A. Monsour and B. J .  Kruger 
Brisbane, A u s t r a l i a  

Detec tab le  traces of f l u o r i d e  occur  i n  almost every subs tance ,  and an- 
imals everywhere consume measurable amounts of f l u o r i d e .  A t  sub- le tha l  
doses ,  t h e  concent ra t ion  of f l u o r i d e  i n  blood w i l l  approach a s teady  s ta te ,  
propor t iona l  t o  t h e  rate of f l u o r i d e  i n f u s i o n  (1) .  However t h e  t o t a l  
amount of f l u o r i d e  i n  sera of d i f f e r e n t  s p e c i e s  given t h e  same dose  of f l u -  
o r i d e  v a r i e s  cons iderably ,  and t h e  peak c o n c e n t r a t i o n  of  f l u o r i d e  i n  sera 
of t h e s e  d i f f e r e n t  s p e c i e s  occurs  a t  d i f f e r e n t  times and v a r i e s  i n  dura- 
t i o n  (2). 

Signs of a c u t e  high dose f l u o r i d e  poisoning i n  mammals are nausea, 
vomiting and d i a r r h e a ,  followed by cramping, c o l l a p s e ,  coma, and dea th .  
I n  humans, dea th  from an  o r a l  dose u s u a l l y  occurs  w i t h i n  4 hours .  The 
signs of chronic  (low dose) f l u o r i d e  poisoning are,  however, less w e l l  
def ined . 

The purpose of t h i s  paper is t o  summarize d a t a  concerning t h e  e f f e c t s  
of f l u o r i d e  on var ious  s o f t  t i s s u e  systems i n  v e r t e b r a t e s  a f t e r  o r a l ,  sub- 
cutaneous, o r  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n .  

From t h e  Department of Oral Biology and Oral Surgery, Physiology Building,  
Univers i ty  of Queensland, St. Lucia ,  Queensland. 
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Endocrine System 

Adrenals: Severa l  a u t h o r s  have repor ted  an  increase  i n  weight of ad- 
r e n a l s  a f t e r  f l u o r i d e  i n t o x i c a t i o n ,  a l l e g e d l y  due t o  an increased content  
of p r o t e i n  (3.4). McGown and S u t t i e  (5) repor ted  a four- to  f ive-fold in- 
crease i n  plasma epinephr ine  and suggested t h a t  the  hyperglycemia induced 
by t h e  f l u o r i d e  w a s  mediated by epinephrine,  s e c r e t e d  by t h e  adrena l  medul- 
l a .  It is p o s s i b l e  t h a t  these  phenomena r e p r e s e n t  a genera l  s t r e s s  re- 
sponse, secondary t o  metabol ic  poisoning by f l u o r i d e ,  and mediated through 
t h e  sympathet ic  nervous system. 

Thyroid: I n  high enough concent ra t ions  , f l u o r i d e  w i l l  i n t e r f e r e  with 
the  f u n c t i o n s  of the  thyro id  d i r e c t l y  o r  i n d i r e c t l y  (6-8), but  t h i s  e f f e c t  
w i l l  be minimized when the  supply of iod ine  is adequate (6). Fluoride may 
i n t e r f e r e  w i t h  t h e  normal func t ion ing  of f o l l i c u l a r  ce l l s ,  f o r  example, 
by i n h i b i t i n g  t h e  p r o t e i n a s e s  respons ib le  f o r  s p l i t i n g  thyroglobul in  mole- 
c u l e s  i n t o  thyroxine and t r i i o d o t h y r o n i n e  (9, 1 0 ) .  There could poss ib ly  
be an  e f f e c t  o f  f l u o r i d e  on t h e  feedback mechanism mediated through the  
hypothalamus and adenohypophysis which r e g u l a t e  thyroid s e c r e t i o n s  through 
t h y r o t r o p i n  (TSH). 

Parathyroid:  S tudies  on humans and animals i n d i c a t e  t h a t ,  i n  high 
enough concent ra t ions ,  f l u o r i d e  a f f e c t s  the  f u n c t i o n  of t h e  parathyroids  
i n d i r e c t l y  by a l t e r i n g  serum calcium and phosphate (11-17). Evidence f o r  
secondary hyperparathyroidism i n  f l u o r i d e - t r e a t e d  animals and man is 
s t r u c t u r a l  and u l t r a s t r u c t u r a l  appearance (12, 14,15, 17-19). It is a l s o  
based on changes i n  bone r e s o r p t i o n  (20) and d i r e c t  measurements of para- 
thormone concent ra t ions  i n  blood by radioimmunological assay  methods (12. 
21). 
c i r c u l a t i n g  parathormone increased  f ive- fo ld  (12). I n  humans, four  out  
of n i n e  p a t i e n t s  s u f f e r i n g  from s k e l e t a l  f l u o r o s i s  had e leva ted  l e v e l s  of 
immunoreactive parathormone (21) .  However, i n  s t u d i e s  wi th  ra ts ,  no 
changes were found i n  the  para thyro id  glands,  bone r e s o r p t i o n  and circu-  
l a t i n g  l e v e l s  of parathormone (22-25). 

I n  s h e e p , t r e a t e d  w i t h  100 mg of f l u o r i d e  i o n  per  day f o r  four  weeks, 

F luor ide  h a s  caused a drop i n  the  c i r c u l a t i n g  calcium i n  man and i n  
s e v e r a l  experimental  animals  (26-28). It  has  been suggested t h a t  the re- 
duc t ion  i n  c i r c u l a t i n g  calcium is  due t o  f l u o r a p a t i t e  formation and, be- 
cause of its decreased c r y s t a l  s o l u b i l i t y ,  i n h i b i t i o n  of o s t e o c l a s t i c  
bone r e s o r p t i o n .  
i n g  calcium would induce parathormone release and, i f  prolonged, vould 
lead t o  secondary hyperparathyroidism.  Due t o  s p e c i e s  v a r i a b i l i t y  (29-31) 
and t h e  dose-dependent e f f e c t  of f l u o r i d e ,  i t  is reasonable  to  assume t h a t  
ra t s ,  which are known t o  b e  more r e s i s t a n t  t o  f l u o r i d e  than  sheep and rab- 
b i t s ,  would exhibLt fewer t o x i c  changes, p a r t i c u l a r l y  i f  the  f l u o r i d e  dose 
is not  excess ive ,  as i n  the  r e c e n t  s t u d i e s  of Rosenquist e t  a l .  (25). 

Any s i t u a t i o n  which causes  decreased l e v e l s  of c i r c u l a t -  

Urinary System 

Nephropathy is a major mani fes ta t ion  of f l u o r i d e  t o x i c i t y  i n  i ts  ear-  
l y  s t a g e s .  Large doses  of f l u o r i d e  induce n e c r o s i s  of t h e  convoluted tu- 
b u l e s  and inflammation of g lomerul i ,  changes which r e s u l t  i n  impaired kid- 
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ney func t ion  such as polyur ia ,  po lydips ia ,  and increased  non-protein ni-  
trogen (33). I n  rats, a t  low l e v e l s  ( f o r  example l t o  10 ppm NaF), a l t e r -  
a t i o n s  t o  kidney s t r u c t u r e  and func t ion  are repor ted  t o  be minimal(34-37). 

Renal func t ion  s t u d i e s  on rats exposed t o  cons tan t  I V  i n f u s i o n  of f l u -  
o r i d e  have produced, i n  dose-dependent responses ,  an  i n c r e a s e  i n  ur ine  
flow rate ,  ur inary  osmola l i ty ,  i n n e r  medullary sodium and c h l o r i d e  concen- 
t r a t i o n s ,  and glomerular f i l t r a t i o n  rate, and a decrease in t h e  excre t ion  
of sodium, c h l o r i d e ,  and potassium (38). 

A l l  publ ished d a t a  r e f l e c t  t h e  dose-dependent e f f e c t  of f l u o r i d e  on 
kidney t i s s u e s .  Tissue d e s t r u c t i o n  i n c r e a s i n g  wi th  t h e  dose, and t h e  tox- 
i c  e f f e c t s  are seemingly r e l a t e d  t o  a l t e r e d  a c t i v i t y  of enzyme systems, 
some s t imula ted  (37,39-40) and some i n h i b i t e d  (39,  41-42 ) .  As' kidney 
damage i n c r e a s e s ,  c learance  of f l u o r i d e  is reduced (43). The t o x i c  e f f e c t s  
of f l u o r i d e  are a l s o  exacerbated by the  a l t e r e d  r e n a l  c learance  of o ther  
e l e c t r o l y t e s ,  metabol i tes ,  and waste. 

Diges t ive  Sys t e m  

G a s t r o i n t e s t i n a l  t ract :  Waldbott e t  a l .  (44) have des igna ted  stomach 
and bowel d i s o r d e r s  as c a r d i n a l  f e a t u r e s  of f l u o r i d e  i n t o l e r a n c e  i n  humans. 
Formation of h y d r o f l u o r i c  a c i d  i n  t h e  gut  appears  t o  account f o r  t h e  symp- 
toms of nausea, vomiting, abdominal pa in ,  and d i a r r h e a  a s s o c i a t e d  with 
f l u o r i d e  poisoning (4h,45). Data on the  e f f e c t  of f l u o r i d e  on absorp t ion  
of calcium from the  g a s t r o i n t e s t i n a l  t ract  are equivocal  (46-48). On 
t h e o r e t i c a l  grounds, it might be expected t h a t  simultaneous adminis t ra-  
t i o n  of f l u o r i d e  and calcium would r e s u l t  i n  reduced calcium absorp t ion  
due t o  p r e c i p i t a t i o n  of t h e  r e l a t i v e l y  i n s o l u b l e  f l u o r i d e  salts  of calci- 
um. It is  not  known whether f l u o r i d e  i n t e r f e r e s  w i t h  t h e  a b s o r p t i o n  of 
calcium by the  e p i t h e l i a l  cells of t h e  duodenum and jejunum. The possi-  
b i l i t y  t h a t  f l u o r i d e  i n t e r f e r e s  wi th  t h e  a c t i v e  t r a n s p o r t  mechanism o r  
wi th  calcium-binding p r o t e i n s  has  n o t  been explored.  

-- Oral Mucosa: Branemark (49) caut ioned d e n t i s t s  about  t h e  p o t e n t i a l  
t o x i c i t y  of t o p i c a l  f l u o r i d e  to gingiva ,  p a r t i c u l a r l y  when the t i s s u e  is 
inflamed. Gabler (50) showed t h a t  f l u o r i d e  ions can be absorbed through 
the  o r a l  mucosa of r a t s ,  even i f  a t  a r e l a t i v e l y  slow rate .  

The g i n g i v a l  c r e v i c e  i s  a n a t u r a l  s i n k  f o r  the  r e t e n t i o n  of f l u o r i d e  
long  a f t e r  t o p i c a l  a p p l i c a t i o n  h a s  been completed. 
s i v e  supra  and/or  infra-bony g i n g i v a l  pockets would be predisposed 
prolonged r e t e n t i o n  of f l u o r i d e  against '  t i s s u e s .  

P a t i e n t s  w i t h  exten- 
t o  

I n  r a b b i t s ,  Hume e t  a l .  (51) found t h a t  exposure t o  g i n g i v a l  ex- 
p l a n t s  t o  l e v e l s  of f l u o r i d e  up t o  10,000 ppm reduced i n c o r p o r a t i o n  of H3 
p r o l i n e  and H3 thymidine, and t h a t  t h e  degree of depress ion  v a r i e d  d i r e c t -  
l y  with t h e  concent ra t ion  and exposure t i m e .  Comparison of t h e i r  d a t a  
with t h a t  of previously repor ted  s t u d i e s  showed t h a t  g i n g i v a l  t i s s u e  me- 
tabol ism w a s  profoundly depressed by f l u o r i d e  a p p l i c a t i o n s  a t  o r  near  the  -- i n  v i t r o  threshold  f o r  prevent ing  growth of suspected p e r i o d o n t a l  patho- 
gens. However, if g i n g i v a l  ep i the l ium were i n t a c t ,  f l u o r i d e  t o x i c i t y  
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from t o p i c a l  a p p l i c a t i o n  w a s  considered t o  be n e g l i g i b l e .  D i f f e r e n t  cel- 
lular responses  t o  NaF i n  v i t r o ,  namely genotoxic  t ransformat ions ,  have 
been repor ted  wi th  o ther  c e l l s  (52) .  

L iver :  F luor ide  i n t e r f e r e s  w i t h  t h e  normal func t ioning  of  the  l i v e r  
and causes  d i s r u p t i o n  of hepa tocytes  ( 5 3 , 5 4 ) .  The r o u t e  of f l u o r i d e  ad- 
m i n i s t r a t i o n  is important .  P a t h o l o g i c a l  changes in the  l i v e r  of rats en- 
sued fol lowing use of a g a s t r i c  tube t o  adminis te r  chronic  doses  of  the 
sodium f l u o r i d e  and t o  ensure t h a t  each animal rece ived  a c o n s t a n t  d a i l y  
dose (55) .  On the  o t h e r  hand, deCamargo and Merzel ( 3 7 )  who simply ad- 
ded the f l u o r i d e  t o  the water supply,  found no changes i n  the  l i v e r .  In 
the  l a t t e r  experiments, i f  t h e  animals  a te  f i r s t  and then  drank,  t h e  f lu-  
o r i d e  would have en tered  a f u l l  stomach which might have r e s u l t e d  i n  de- 
creased absorp t ion  of f l u o r i d e .  

Cardiovascular  System 

Branemark ( 4 9 )  appl ied  0.05, 0.2, 1.0 and 2 . 0  per  c e n t  s o l u t i o n s  of 
sodium f l u o r i d e  t o  t h e  cheek pouch of hamsters .  The r e s u l t i n g  d i s t u r -  
bances v a r i e d  i n  degree and s e v e r i t y  according t o  the c o n c e n t r a t i o n  of  
f l u o r i d e  and the s ta te  of the  t i s s u e .  Vascular changes ,charac te r ized  by 
microvascular i n j u r y ,  p e r i v a s c u l a r  d i s i n t e g r a t i o n  of  t i s s u e  ce l l s ,  and 
vascular  proliferation,predominated. Another i n d i c a t i o n  of the  vulner- 
a b i l i t y  of v e s s e l s  t o  f l u o r i d e  is the  microscopic appearance of the 
b r u i s e - l i k e  s k i n  l e s i o n s ,  Chizzola  maculae which have been emphasized 
by Waldbott ( 4 4 ) .  (See "Skin" f o r  a d d i t i o n a l  d e t a i l s ) .  

Large doses  of  NaF (12 mg/kg) fed  t o  rats ( 5 6 )  have induced chronic  
myocardi t is  and dys t rophic  changes in h e a r t  muscle f i b r e s .  Massive doses 
of f l u o r i d e  can cause s e v e r e  h e a r t  damage r e s u l t i n g  i n  c a r d i a c  i r r e g u l a r -  
i t i e s  and low blood p r e s s u r e  in experimental  animals  (57). Changes i n  
ECGs of humans and dogs due t o  massive doses  of f l u o r i d e  have been c i t e d  
by Baltatar e t  a l .  (53). I t  is not  clear whether these  c a r d i a c  changes 
are secondary t o  f l u o r i d e  poisoning o r  a d i r e c t  e f f e c t  of f l u o r i d e  on car-  
d iovascular  t i s s u e .  Most a u t h o r s  agree  t h a t  c a l c i f i c a t i o n  of arteries is 
an i n t e g r a l  f e a t u r e  of s k e l e t a l  f l u o r o s i s .  

C e n t r a l  Nervous System 

In humans, t h e  p a r t i a l  and complete p a r a l y s i s  of  a m  and l e g s  i n  ad- 
vanced f l u o r o s i s  is usual ly  considered t o  be r e l a t e d  t o  p r e s s u r e  upon the  
s p i n a l  cord by newly formed bone pro t ruding  i n t o  t h e  s p i n a l  c a n a l ,  and up- 
on nerves a t  t h e  poin t  of t h e i r  exi t  from t h e  sp ine .  However, i t  has  
been suggested t h a t  the  s p i n a l  cord l e s i o n s  and muscular damage i n  pa- 
t i e n t s  s u f f e r i n g  occupat ional  f l u o r o s i s  are a l s o  t h e  r e s u l t  of a d i r e c t  
a c t i o n  of the f l u o r i d e  ion  on the  gangl ion and muscle ce l l s  (59) .  

Due t o  a l a c k  of p r e c i s e  experimental  d a t a ,  i t  is d i f f i c u l t  t o  draw 
conclusions concerning the  e f f e c t s  of f l u o r i d e  on the  c e n t r a l  nervous sys- 
t e m .  I t  seems l i k e l y  t h a t  chronic  i n g e s t i o n  of low doses of f l u o r i d e  s t i -  
mulates enzymes systems (60), and t h a t  t h i s  e f f e c t  may be mediated through 
f l u o r i d e  a c t i v a t e d  adenylate  c y c l a s e  (61,612). 
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w: Large doses  of NaF a r e  t o x i c  t o  the  r e t i n a  i n  vary ing  degrees .  
Waldbott (44) observed i n  h i s  p a t i e n t s ,  t h a t  f l u o r i d e  could cause a widen- 
ing  of r e t i n a l  v e s s e l s  l e a d i n g  t o  r e t i n i t i s  and involvement i n  c a t a r a c t  
forma t i o n .  

Rabbi ts  and mice show dystrophy of r e t i n a l  pigment ce l l s  with subse- 
quent  damage t o  t h e  photoreceptors  by f l u o r i d e  doses exceeding 25 mg/kg 
body weight (55). I n  t h e  gangl ion ce l l s  of the r e t i n a ,  the  conten t  of 
rRNA w a s  reduced i n  mice when t h e  dose of f l u o r i d e  w a s  1 2  mg NaF/kg body 
weight. This  i n h i b i t i o n  of RNA s y n t h e s i s  w a s  more pronounced i n  the  gang- 
l i o n  cells, and a decrease  i n  p r o t e i n  s y n t h e s i s  w a s  d e t e c t e d  i n  t h e  p e r i -  
karyons of t h e  photoreceptors .  It has been proposed t h a t  t h i s  re t inopa-  
thy is c o r r e l a t e d  with a d is turbance  of ascorb ic  a c i d  metabolism, namely 
i n  t h e  t r a n s p o r t  of i ts oxid ized  form (4 ) .  The r e t i n a  i s  b a s i c a l l y  com- 
posed of modified neurons (rods,  cones) .  A s  such, i t  is s u s c e p t i b l e  t o  
f l u o r i d e  t o x i c i t y .  Furthermore, t h e  product ion of rhodopsin ( v i s u a l  pur- 
p l e )  i s  dependent upon s e v e r a l  enzyme-catalyzed r e a c t i o n s ,  which may be 
i n h i b i t e d  by f l u o r i d e .  

Respi ra tory  System 

Gaseous f l u o r i d e  above 3 ppm f o r  more than  10 minutes (63) i s  t o x i c  
t o  r e s p i r a t o r y  t i s s u e s .  Whitford e t  al .  (64) however, found no evidence 
of f l u o r i d e  b inding  i n  t h e  lung of  rats fol lowing a s i n g l e  in t ravenous  in-  
j e c t i o n  of 18F, 9 .1  V C i f r a t .  Deta i led  h i s t o l o g i c a l  i n v e s t i g a t i o n s  as 
w e l l  as s t u d i e s  on t h e  e f f e c t s  of inges ted  f l u o r i d e  on r e s p i r a t o r y  t i s s u e s  
seem t o  be lack ing .  

Some S e l e c t i v e  Tissues  

r i d e  
n e s s  

Muscle: The s i g n s  and symptoms of muscle involvement i n  a c u t e  f luo-  
t o x i c i t y ,  namely hyperac t ive  r e f l e x e s ,  p a i n f u l  muscle spasms, weak- 
and tetanic c o n t r a c t i o n s  have been r e l a t e d  t o  f luoride- induced hypo- 

calcemia. S t u d i e s  are l a c k i n g  on t h e  d i r e c t  e f f e c t  of an  a c u t e  dose of 
f l u o r i d e  on muscle. I n  chronic  f l u o r i d e  i n t o x i c a t i o n ,  f l u o r i d e  seem t o  
a l t e r  muscle f u n c t i o n  and t o  damage muscle cel ls  (44, 6 5 . 6 6 )  b u t , i f  t h e  
dose i s  not  excess ive  ( 4 ) ,  muscle is a b l e  t o  adapt  t o  t h e  i n s u l t .  

- Skin: From c l i n i c a l  observa t ions ,  S te inegger  (67) and Waldbott (68) 
descr ibed  a c h a r a c t e r i s t i c  s i g n  of chronic  f l u o r i d e  poisoning which occurs  
mainly i n  c h i l d r e n  and women, namely, p inkish  t o  bluish-brown s k i n  l e s i o n s  
c a l l e d  Chizzola  maculae (inflammation around c a p i l l a r y  blood v e s s e l s ) .  
These l e s i o n s  can b e  d i s t i n g u i s h e d  from t raumat ic  b r u i s e s ,  mainly because 
they are always round o r  ova l ,  about  1 t o  2.5 cm i n  diameter ,  and a r e  usu- 
a l l y  asymptomatic. They fade  a f t e r  5 t o  7 days but  do n o t  t u r n  yel low as 
do b r u i s h e s ,  which can be any s i z e  o r  shape. There is  l i t t l e  doubt t h a t  
f l u o r i d e  i s  involved i n  t h e  product ion of  t h e s e  l e s i o n s .  However t h e  
l e s i o n s  were n o t  reproduced experimental ly;  t h e i r  high prevalence among 
c h i l d r e n  and women sugges t  t h a t  o t h e r  f a c t o r s  as w e l l  as f l u o r i d e  may b e  
involved (68,69). 

Collagen: F luor ide  inf luences  t h e  metabolism of bones and t e e t h .  It 
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has  been proposed,but  n o t  proven , tha t  i t  is e s s e n t i a l  f o r  normal c a l c i f i -  
c a t i o n  (70,71). Excessive f l u o r i d e  in take  can i n t e r f e r e  w i t h  bone meta- 
bol ism,  p a r t i c u l a r l y  through i t s  e f f e c t  on col lagen  formation: 2 mg F/kg 
body weight g iven  t o  young r a b b i t s  (72) i n t e r f e r e d  w i t h  the  normal hydrox- 
y l a t i o n  of  p r o l i n e ,  producing inadequately hydroxylated co l lagen;  fluo- 
r i d e  reduced t h e  s y n t h e s i s  of t ropocol lagen  molecules with reduced num- 
b e r s  of a ldehydes r e s u l t i n g  i n  inadequate  cross- l inked co l lagen  f i b r e s ;  
reduced l y s h e  r e s i d u e s  which caused inadequate c r o s s  links i n  co l lagen;  
and t h e  co l lagen  l a i d  down dur ing  excessive exposure t o  f l u o r i d e  w a s  more 
r a p i d l y  ca tabol ized .  F luor ide  h a s  a l s o  been shown t o  decrease t h e  amount 
of s o l u b l e  and i n s o l u b l e  c o l l a g e n  i n  s k i n  and lungs (73). Joseph and Tydd 
(74) ,  however, found t h a t  10 and 150 ppm sodium f l u o r i d e  i n  t h e  dr inking  
w a t e r  of r a b b i t s  a c c e l e r a t e d  t i s s u e  regenera t ion  dur ing  the  f i r s t  t h r e e  
or f o u r  w e e k s  fo l lowing  removal of t h e  whole th ickness  of 1 cm2 of 
r a b b i t ' s  ear. 

t h e  

The mechanism of  t h e  e f f e c t  o f  f l u o r i d e  on co l lagen  
s t i l l  unknown. A t  h igh  concent ra t ions ,  f l u o r i d e  may i n h i b i t  p r o l i n e  up- 
take  i n t o  c o l l a g e n  and i ts  conversion i n t o  hydroxyproline b u t  a t  t h e  same 
t i m e  s t i m u l a t e  enzyme systems involved in col lagen  formation. It is d i f -  
f i c u l t  t o  compare t h e  work of Susheela  and Sharma (71) and t h a t  of Drozdz 
e t  a l .  ( 7 3 ) ,  with  t h a t  of Joseph and Tydd (74) because t h e i r  research  pro- 
t o c o l s  d i f f e r e d ;  t i s s u e s  and animals s t u d i e d  were d i f f e r e n t ;  the  f l u o r i d e  
w a s  adminis te red  d i f f e r e n t l y  and t h e  f l u o r i d e  doses  d i f f e r e d .  Nevertheless ,  
f l u o r i d e  a d m i n i s t r a t i o n  seems t o  l e a d  t o  product ion of abnormal co l lagen  

metabolism is 

(75) .  

Reten t ion  of  f l u o r i d e  i n  s o f t  t i s s u e s :  Under normal condi t ions  s o f t  
t i s s u e  organs c o n t a i n  l i t t l e  or no f l u o r i d e  (68,76 ). Bowever, with im- 
p a i r e d  kidney f u n c t i o n  or prolonged f l u o r i d e  exposure, r e l a t i v e l y  l a r g e  
amounts of f l u o r i d e  can accumulate i n  s o f t  t i s s u e s  (44). Based on d a t a  
from a survey by Call e t  a l .  (77) on humans, the  o r d e r  of magnitude of 
s t o r a g e  is as fol lows:  a o r t a ,  t h y r o i d ,  lung, kidney. heart .  pancreas. 
b r a i n ,  sp leen  and l i v e r .  Levels  as high as 8400 (78) pprn i n  t h e  a o r t a  
have been recorded i n  a f l u o r i d a t e d  area; 290 ppm i n  s k i n  (79) .  186 in 
n a i l s  (79) ,  185 i n  b ladder  (79). and 181 (79) in kidneys i n  an  area with 
l i t t l e  o r  no f l u o r i d e  i n  water. 

Accumulation of f l u o r i d e  may b e  involved i n  many d i s e a s e  processes  
and i t  may induce a wide v a r i e t y  of  s i g n s  and symptoms. F luor ide  is one 
of t h e  most r e a c t i v e  ions  i n  n a t u r e .  To what e x t e n t  i t  a f f e c t s  t h e  func- 
t i o n  of v i t a l  organs remains an  enigma. Fur ther  work on t h i s  and on cer- 
t a i n  i d i o p a t h i c  c l i n i c a l  phenomena are warranted. 
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CYTOTOXICITY, CHROrlOSOME ABERRATIONS AND UNSCHEDULED DNA SYNTHESIS I N  
CULTURED HUMAN DIPLOID FIBROBLASTS INDUCED BY SODIUM FLUORIDE 

by 

Takeki T s u t s u i ,  Nobuko Suzuki, Manabu Ohmori and H e i j i  Maizumi 
Tokyo, Japan 

(Abstracted from Mutation Research, 139:193-198, 1984) 

The e f f e c t s  of exposure of c u l t u r e d  human d i p l o i d  f i b r o b l a s t s  (JHU-1 
c e l l s )  t o  sodium f l u o r i d e  were s t u d i e d  w i t h  r e s p e c t  t o  cytotoxi ,c i ty  as 
w e l l  a s  i n d u c t i o n  of chromosome a b e r r a t i o n s  and unscheduled DNA s y n t h e s i s  
(UDS). C y t o t o x i c i t y  of NaF on J H U - 1  cells ,  as determined by a decrease  
i n  colony-forming a b i l i t y ,  increased  l i n e a r l y  w i t h  i n c r e a s i n g  dose of NaF 
(50-150 pg/ml) o r  exposure t i m e  (1-24h). Treatment of the  ce l l s  wi th  50ug 
NaF/ml f o r  24 hours  r e s u l t e d  i n  a l e t h a l i t y  (-70%) similar t o  t h a t  ob- 
ta ined  w i t h  100 ug/ml f o r  1 2  h .  When JHU-1 cells were t r e a t e d  w i t h  20 - 
50 ug NaF/ml f o r  1 2  o r  24 h ,  and analyzed f o r  chromosome a b e r r a t i o n s ,  a 
s i g n i f i c a n t  i n c r e a s e  i n  the  frequency a t  t h e  chromatid level w a s  observed 
i n  a dose-dependent manner. The minimum s i g n i f i c a n t  l e v e l  of chromosome 
a b e r r a t i o n s  o r  UDS w a s  induced by t rea tment  w i t h  20 p g  NaF/ml f o r  24 h O r  
100 u g / d  f o r  8 h (Table 1). 

Table 1 

Chromosome Aberrat ions of Human Diploid F i b r o b l a s t s  Induced by NaF 

Dose of NaF Treatment Number of meta- Type of  aberra-  Aberrant nets- _ _  
(ug/ml) per iod(h)  phases scored  t i o n s a  (X) phases (%) 

C B E D O F  

0 1 2  400 1 . 8 0  0 0 0 0  0.8 

25 1 2  500 2 . 8 0  0 0 0 0  2.8  

50 12 112 1 6 . 1  3.6 0 0 0 0 17.9 

7 5  1 2  few metaphases 

0 24 100 1 . 0 0  0 0 0 0  1.0 

23 24 100 6.0 2.0 9 0 0 0 7 .O 

40 24 109 39.0 21.0 0 0 0 0 47.0 

a G ,  gap; B, break; E ,  exchange; D ,  d i c e n t r i c ;  0,  r i n g ;  F, f rag-  
mentat i o n s  

The number of times t h e  popula t ion  of JHU-1 ce l l s  used i n  t h i s  s tudy  
doubled w a s  between 15 and 20. I n  c o n t r o l  c u l t u r e s ,  few metaphases con- 
ta ined  chromosome a b e r r a t i o n s .  

For d e t e c t i o n  of UDS, c o n f l u e n t  JHU-1 cells were c u l t u r e d  wi th  medium 

Treatment w i t h  100-400 ug NaF/ml f o r  4 - 24 h 
conta in ing  low serum. Subsequently they were exposed t o  NaF in the  pre- 
sence of 10 mM hydroxyurea. 
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reproducibly e l i c i t e d  UDS i n  a dose-related fash ion  as determined by d i -  
rect s c i n t i l l a t i o n  count ing of t3H] thymidine incorpora ted  i n t o  DNA dur- 
i n g  r e p a i r  s y n t h e s i s .  Induct ion of UDS i n  JHU-1 ce l l s  w a s  observed i n  a 
dose-dependent fash ion  by a l l  t h e  chemicals except  benz(a)pyrene which re- 
q u i r e s  o x i d a t i v e  metabol ic  conversion n o t  found i n  human d i p l o i d  f ibro-  
b l a s t s .  

I n  o t h e r  recent  s t u d i e s ,  DNA s ingle-s t rand  breaks ,  d e t e c t e d  by t h e  al-  
k a l i n e  e l u t i o n  method, were e l i c i t e d  i n  JHU-1 c e l l s  t r e a t e d  w i t h  NaF (100- 
200 ug/ml) f o r  16 h. 

Regarding the  d e l a y  i n  response of DNA r e p a i r  i n  NaF t r e a t e d  c e l l s ,  
two p o s s i b l e  explana t ions  may be considered.  F i r s t ,  the  p o s s i b i l i t y  t h a t  
DNA damaging a c t i v i t y  of  f l u o r i d e  may be weak o r  i n s u f f i c i e n t  t o  induce de- 
t e c t a b l e  DNA damage dur ing  a s h o r t  t reatment  t i m e  under our  condi t ions .  
Secondly, i n h i b i t i o n  of  p r o t e i n  s y n t h e s i s  by f l u o r i d e  may r e t a r d  t h e  pro- 
cess of DNA r e p a i r  fol lowing DNA damage. It has  been known f o r  some time 
t h a t  f l u o r i d e  i n h i b i t s  a number of  m e t a l l o p r o t e i n s  i n c l u d i n g  DNA polymer- 
ase of E. c o l i .  F u r t h e r  experiments are necessary t o  e l u c i d a t e  these  pos- 
s i b i l i t i e s .  

I n  conclusion,  t h e  present  s t u d i e s  provide t h e  f i r s t  evidence t h a t  
NaF induces chromosome a b e r r a t i o n s  and UDS i n  human d i p l o i d  f i b r o b l a s t s  
i n  v i t r o .  In  recent  experiments ,  when Syr ian  hamster embryo cells were 
exposed t o  between 75 and 125 ug NaF/ml f o r  24 h ,  cel l  s u r v i v a l  w a s  ap- 
proximately 90-40% and t h e  frequency of morphological t ransformat ion  of 
the  c e l l s  w a s  dose-dependent. Mass c u l t u r e s  of cells  t r e a t e d  w i t h  75 
o r  1OOug NaF/ml f o r  24 h ,  followed by cont inuous c u l t i v a t i o n ,  were t rans-  
formed t o  t h e  tumorigenic state. Furthermore, a s i g n i f i c a n t  i n c r e a s e  i n  
chromosome a b e r r a t i o n s  a t  t h e  chromatid l e v e l ,  s i s te r -chromat id  exchanges 
and UDS w a s  induced by t reatment  of  t h e  same cel ls  w i t h  40-100 ug NaF/ml 
f o r  24 h. These r e s u l t s  suggest  t h a t  NaF is p o t e n t i a l l y  dangerous t o  hu- 
mans. 

KEY WORDS: Chromosome a b e r r a t i o n s ;  Human d i p l o i d  f i b r o b l a s t s ;  Unsched- 
uled DNA s y n t h e s i s ;  F luor ide  and ce l l  c u l t u r e s  

Repr in ts :  Department of Pharmacology, Nippon Dental  Univers i ty  of Tokyo, 
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INDUCTION OF UNSCHEDULED DNA SYNTHESIS I N  CULTURED 
HUMAN ORAL KERATINOCYTES BY SODIUM JXUORIDE 

Takeki T s u t s u i ,  Koichi  I d e ,  and H e i j i  Maizumf 
Tokyo, Japan 

(Abstracted from Mutat ion Research, 140:43-48, 1984) 

The e f f e c t  of t rea tment  of c u l t u r e d  human o r a l  k e r a t i n o c y t k s  w i t h  so- 
dium f l u o r i d e  (NaF) w a s  i n v e s t i g a t e d  wi th  r e s p e c t  t o  i n d u c t i o n  of unsched- 
u led  DNA s y n t h e s i s  (UDS). Oral k e r a t i n o c y t e s  were i s o l a t e d  from excised  
bucca l  mucosa of  normal i n d i v i d u a l s  by t r y p s i n i z a t i o n  a t  4' C. overn ight  
fo l lowing  which the  mucosal e p i t h e l i u m  w a s  s e p a r a t e d  from lamina p r o p r i a  
mucosae w i t h  forceps .  I s o l a t e d  ce l l s  were c u l t u r e d  i n  v i t r o  and a l l  ex- 
per iments  were performed w i t h  secondary c u l t u r e s .  

For d e t e c t i o n  of  UDS, t h e  k e r a t i n o c y t e s  were c u l t i v a t e d  w i t h  medium 
c o n t a i n i n g  1% f e t a l  c a l f  serum (FCS) f o r  2 days. Subsequently they were 
t r e a t e d  w i t h  100-300 pg NaFfml f o r  4 h i n  medium c o n t a i n i n g  1% FCS and 10 
mM hydroxyurea (1% FCS-HU medium). Following NaF t r e a t m e n t ,  UDS w a s  mea- 
sured  by d i r e c t  s c i n t i l l a t i o n  count ing  o f  [ 3H] thymidine incorpora ted  in- 
t o  DNA of  t h e  c e l l s  i n  1% FCS-HU medium. 

LIDS a t  s i g n i f i c a n t  l e v e l s  w a s  induced i n  a dose- re la ted  f a s h i o n  by 
NaF t rea tment .  The r e s u l t s  sugges t  t h a t  NaF causes  DNA damage i n  c u l t u r e d  
human o r a l  k e r a t i n o c y t e s .  

Other  r e c e n t  f i n d i n g s  show t h a t  t rea tment  of c u l t u r e d  human d i p l o i d  
f i b r o b l a s t s  w i t h  NaF r e s u l t  i n  i n d u c t i o n  of  chromosome a b e r r a t i o n s  and UDS 
and t h a t  NaF causes  morphological  and n e o p l a s t i c  t ransformat ion  of S y r i a n  
hamster embryo ce l l s ,  as w e l l  as chromosome a b e r r a t i o n s ,  SCEs and UDS i n  
t h e  same c e l l s .  These r e s u l t s ,  i n c l u d i n g  t h e  p r e s e n t  d a t a ,  sugges t  t h a t  
NaF t rea tment  l e a d s  t o  DNA damage i n  c u l t u r e d  mammalian cells .  F u r t h e r  
s t u d i e s  wi th  l i v i n g  ce l l s  are needed t o  r e s o l v e  t h e  mechanisms whereby NaF 
causes  DNA damage and n e o p l a s t i c  t ransformat ion ,  and i t s  c a r c i n o g e n i c  r i s k  
t o  man. 

KEY WORDS: Human o r a l  k e r a t i n o c y t e s ;  Unscheduled DNA s y n t h e s i s ;  F luor ide  
and ce l l  c u l t u r e s  

Repr in ts :  Department of  Pharmacology, and F i r s t  Department of Oral Sur- 
gery,  Nippon Dental  U n i v e r s i t y  Tokyo, 1-9-20 Fuj imi ,  Chiyoda- 
ku,  Tokyo 102,  Japan 
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DENTAL CARIES AND STRONTIUM CONCENTRATION 
I N  DRINKING WATER AND SURFACE ENAMEL 

T.M. Athanassoul i ,  D.S. Papastathopoulous and 
A.X. Apostolopoulos 

Athens, Greece 

(Abstracted from J. Dent. R e s .  62:989-991, 1983) 

Among trace elements, o t h e r  than f l u o r i d e ,  s t r o n t i u m  h a s  been r e f e r -  
red t o  as a p o s s i b l e  c a r i o s t a t i c  agent ,  evidence f o r  which has  been de- 
r i v e d  from a number of experimental  and epidemiological  s t u d i e s .  

The p r e s e n t  s tudy was  designed t o  i n v e s t i g a t e  t h e  e f f e c t  o f  s t r o n t i -  
um on t h e  development of d e n t a l  caries i n  t h e  absence of s i g n i f i c a n t  f l u -  
o r i d e  concent ra t ions  by r e l a t i n g  t h e  DMFT index t o  t h e  s t r o n t i u m  concen- 
t r a t i o n  of d r i n k i n g  water and i n  s u r f a c e  enamel. An epidemiologica l  sur -  
vey of d e n t a l  caries w a s  conducted i n  two s e l e c t e d  neighboring d i s t r i c t s  
i n  t h e  northwestern p a r t  of Greece - Ioannina and Arta  - where t h e  dr ink-  
i n g  water c o n t a i n s  almost t h e  same low amounts of f l u o r i d e  and selenium 
but  d i f f e r e n t  amounts of s t ront ium.  Also, s t ront ium and f l u o r i d e  d e t e r -  
minat ions i n  enamel s u r f a c e s  were c a r r i e d  o u t  on samples obta ined  from 
t h e  popula t ion  examined i n  both d i s t r i c t s .  
ranging i n  age  from 11 t o  14. l i f e l o n g  r e s i d e n t s  of two ne ighbor ing  d i s -  
t r ic ts ,  Ioannina (282) and A r t r  (300), who represented  approximately 10% 
of t h e  popula t icn  of t h i s  age group i n  each d i s t r i c t , w e r e  surveyed. 

Male and female chi ldren(582) ,  

Stront ium concent ra t ion  w a s  low (0.2-1.3 ppm) i n  Ioannina,  and high 
(2.9-7.0 ppm) i n  Arta. In b o t h  d i s t r i c t s ,  f l u o r i d e  (0.05-0.06 ppm), cal- 
cium and selenium (<0.003) w e r e  low: calcium w a s  32.5 i n  Ioannina and 
40.0 i n  Arta. For a l l  age groups, t h e  DMFT index is higher  i n  t h e  low- 
s t ront ium area than  i n  t h e  high-stront ium area. These d i f f e r e n c e s  were 
s t a t i s t i c a l l y  h ighly  s i g n i f i c a n t  (p<0.05-0.01), u s i n g  S tudent ' s  t test .  
The average va lue  of f l u o r i d e  concent ra t ion  i n  t h e  examined samples 
s u r f a c e  enamel from both d i s t r i c t s  w a s  about  t h e  same. 

of 

Table 1 

Dental  Caries Prevalence i n  Low-and High-Strontium Areas 
i n  Persons 11-14-Years Old 

Ioannina Arta 

No. of & No. of 
Age Children Mean2SD Children Mean2SD ta S i g n i f i c a n c e  

11 47 5.21t2.68 68 3.6222.02 3.593 pco.01 
12 71 5.7722.75 51 4.5722.04 2.326 p<O. 05 
13 84 7.6123.82 91 5.9323.61 2.973 p<o. 01  
14 80 9.2524.94 90 6.9424.04 3.372 p<o. 01  

T o t a l  282 Ave. 6.96 T o t a l  300 Ave. 5.26 

acornparison of two means w i t h  degrees  of freedom (nii-112-2). 
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66 Abstract  

The socio-economic f a c t o r s ,  as  w e l l  as n u t r i t i o n  and d i e t a r y  h a b i t s ,  
t h e  d e n t a l  care rece ived ,  inc luding  a p p l i c a t i o n  of prevent ive  measures, 
were similar.  In both d i s t r i c t s , t h e  low f l u o r i d e  concent ra t ion ,  e l imi-  
n a t e s  the  p o s s i b i l i t y  t h a t  the f l u o r i d e  could b e  a f a c t o r  i n  explana t ion  
of  t h e  observed d i f f e r e n c e s .  

The s t r o n t i u m  c o n c e n t r a t i o n  was not only s i g n i f i c a n t l y  h igher  i n  t h e  
d r i n k i n g  water of  t h e  Arta d i s t r i c t ,  wi th  lower DMFT v a l u e s ,  b u t  t h e  
s t r o n t i u m  c o n c e n t r a t i o n  i n  t h e  s u r f a c e  l a y e r  of enamel w a s  a l s o  h igher  i n  
t h e  A r t a  h igh-stront ium d i s t r i c t .  Therefore ,  t h e  observed d i f f e r e n c e s  i n  
t h e  DKFT v a l u e s  between t h e  two d i s t r i c t s  appears  t o  be  due t o  t h e  d i f f e r -  
ences  i n  t h e  s t r o n t i u m  c o n c e n t r a t i o n s  i n  dr inking  water .  The c a r i o s t a t i c  
e f f e c t  of s t r o n t i u m  i s  e x e r t e d  r e g a r d l e s s  of whether t h e  element is in- 
corpora ted  i n t o  enamel dur ing  or a f t e r  too th  development. Whether s t ron-  
t ium causes  h e t e r o i o n i c  exchange of  calcium i n  t h e  a p a t i t e  l a t t i c e  render-  
i n g  t h e  a p a t i t e  c r y s t a l  less s u s c e p t i b l e  t o  deminera l iza t ion  by a c i d s  re- 
mains t o  be  e s t a b l i s h e d .  

These f i n d i n g s  support  t h e  concept t h a t  t h e  s t ront ium incorpora t ion  
i n  d e n t a l  enamel renders  i t  more r e s i s t a n t  t o  caries. 

KEY WORDS: Caries; Stront ium; Enamel; Greece, caries and d r i n k i n g  water  
i n  

Repr in ts :  Dept. of  Prevent ive  Dent i s t ry ,  Dental  School, Univ. of Athens, 
Athens, Greece,and Laboratory of A n a l y t i c a l  Chemistry, Univer- 
s i t y  of Athens, Athens, Greece. 
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ENDEMIC JXUOROSIS I N  ANDHRA PRADESH 

S.G. S r i k a n t i a  
Hyderabad, India  

(Abstracted from Bull .  Nutr. Foundation of  India ,  Apr i l  1984) 

About a decade ago, an ominous new dimension was added t o  the prob- 
l e m  of s k e l e t a l  f l u o r o s i s .  The Nat iona l  I n s t i t u t e  of N u t r i t i o n  a t  Hydera- 
bad discovered t h a t ,  i n  parts of Andhra Pradesh, long known t o  be endemic 
to f l u o r o s i s ,  l a r g e  numbers of  adolescents  and young a d u l t s  have developed 
genu valgum (knock-knees) , t h e  deformity charac te r ized  by outward boving 
of t h e  l e g s  from the  knees down. Occurring mainly between ages 10 and 20, 
genu valgum not  only has  added t o  e x i s t i n g  economic problems but  has a l s o  
c r e a t e d  new psychosocio logica l  ones. I n  28 s e l e c t e d  v i l l a g e s  i n  t h r e e  of 
t h e  endemic d i s t r i c t s ,  more than 600 (2.8%) of about  21,000 s u b j e c t s  exam- 
ined had t h e  deformity.  The prevalence r a t e s  among v i l l a g e s  ranged between 
0.2% and 1 7 X .  
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Construct ion of dams l e a d s  t o  an  e l e v a t i o n  i n  t h e  l e v e l  of s u b s o i l  
water i n  the dam v i c i n i t y ;  s o i l  a l k a l i n i t y  rises and i n f l u e n c e s  the  con- 
c e n t r a t i o n  of  t r a c e  elements i n  food g r a i n s  grown i n  t h a t  area. A con- 
sequence of t h e  increase  i n  the  conten t  of the trace element molybdenum 
is  the  rise i n  consumption of molybdenum-rich foods which l e a d s  t o  copper 
def ic iency  i n  t h e  body. I n  t u r n ,  copper def ic iency  can l e a d  t o  osteoporo- 
sis, a p o s s i b l e  c o n t r i b u t i n g  cause of genu valgum. 

The r e l a t i o n s h i p  between development of genu valgum and dam construc-  
t i o n ,  toge ther  with e leva ted  f l u o r i d e  i n t a k e ,  appears  t o  be one of cause 
and e f f e c t ,  n o t  merely coincidence: where dams have n o t  been b u i l t ,  genu 
valgum has  n o t  made an appearance except  i n  t h e  Punjab. The f u r t h e r  r o l e  
of d i e t a r y  and n u t r i t i o n a l  f a c t o r s  i s  n o t  clear.  According t o  Lakshimjah 
and S r i k a n t i a ,  when f l u o r i d e  i n t a k e  i s  similar,  f l u o r i d e  r e t e n t i o n  and 
t h e r e f o r e  t o x i c i t y  i s  h igher  on jowar-based d i e t s  than on wheat o r  rice- 
based d i e t s .  Prevalence w a s  four  t i m e s  h igher  among t h o s e  whose s t a p l e  
food is  jowar than i n  nonjowar eaters. 

I n  a d u l t s ,  f l u o r i d e  t o x i c i t y  affects t h e  bony s k e l e t o n ,  l igaments ,  
and tendons thereby leading  t o  i r r e v e r s i b l e  and i n c u r a b l e  c r i p p l i n g .  The 
c e n t r a l  pa thologica l  process ,  excess ive  formation of bone and inappropri-  
a te  c a l c i f i c a t i o n  of s o f t  t i s s u e s ,  l e a d s  t o  l i m i t a t i o n  of  movement of the  
sp ine  and j o i n t s  as w e l l  as neuro logica l  mani fes ta t ion  due t o  p r e s s u r e  on 
p e r i p h e r a l  nerves .  

I n  view of epidemiological  surveys i n  p a r t s  of  I n d i a  where c r i p p l i n g  
f l u o r o s i s  h a s  been recorded i n  s u b j e c t s  h a b i t u a l l y  consuming only 1 ppm 
f l u o r i d e  i n  water, 0.5 ppm should be t h e  upper l i m i t  f o r  f l u o r i d e  i n  drink- 
i n g  water f o r  p r o t e c t i o n  of t h e  e n t i r e  populat ion from f l u o r i d e  t o x i c i t y .  
Prevent ion is imperat ive because, once t h e  d i s e a s e  sets i n ,  t h e r e  is no 
known t rea tment  f o r  i t .  

KEY WORDS: F luor ide ;  molybdenum, n u t r i t i o n ;  Genu valgum; Dam c o n s t r u c t i o n ;  

Reprints :  T.K. Para thasar thy ,  E d i t o r ,  N u t r i t i o n  Foundation of I n d i a ,  B-37, 
Osteoporosis ;  Copper d e f i c i e n c y .  
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CARDIOPULMONARY RESPONSE TO SODIUM 
FLUORIDE INFUSION I N  THE DOG 

J.F. Gaugl, and B. Wooldridge 
Ft .  Worth, Texas 

(Abstracted from J. of Toxicol. and Environ Heal th ,  11:765-782, 1983) 

Because humans are occas iona l ly  a c u t e l y  exposed t o  h igh  l e v e l s  of 
f l u o r i d e  (F), and card iac  and e s p e c i a l l y  pulmonary t i s s u e  accumulate 

FLUORIDE 



68 Abst rac t  

h igher  c o n c e n t r a t i o n s  of F- than do t h e  o t h e r  s o f t  t i s s u e s ,  the  present  
s tudy  w a s  undertaken t o  i n v e s t i g a t e  t h e  e f f e c t s  of a c u t e  exposure t o  tox- 
i c  plasma l e v e l s  of F on cardiopulmonary hemodynamics. 

Anesthesized dogs were instrumented wi th  r i g h t  and l e f t  c a r d i a c  c a t h  
e t e r s  t o  measure pulmonary a r t e r i a l  and wedge p r e s s u r e s ,  l e f t  v e n t r i c u l a r  
and a o r t i c  p r e s s u r e s ,  l e f t  v e n t r i c u l a r  dP/dt ,  and c a r d i a c  output .  An in- 
t ravenous loading  dose of  NaF followed by a 3-h i n f u s i o n  produced a plas-  
ma F- l e v e l  o f  800 p M  i n  t h e  "low" group of 6 animals ,  and 1300 z?4 i n  t h e  
"high" group. The mean pulmonary a r te r ia l  p r e s s u r e  peaked a t  1 h, 83% 
above p r e i n f u s i o n  va lues  i n  t h e  high group, whi le  t h a t  of t h e  low group 
a t t a i n e d  t h e  same l e v e l  by t h e  end of t h e  i n f u s i o n  per iod.  Impaired pul- 
monary gas  exchange, as i n d i c a t e d  by an increased  a l v e o l a r - a r t e r i a l  Poz 
g r a d i e n t  occur red  i n  h a l f  t h e  animals ,  and an obvious h y p e r v e n t i l a t i o n  
w a s  r e f l e c t e d  i n  a decreased PcO, va lue ;  t h e r e  w a s  no change i n  a r te r ia l  
pH. ECC T-wave peaking w a s  comon.  The c e n t r a l  venous p r e s s u r e  dec l ined  
s t e a d i l y ,  w h i l e  t h e r e  were no s i g n i f i c a n t  changes from c o n t r o l s  i n  system- 
i c  a r t e r i a l  p r e s s u r e ,  h e a r t  rate, c a r d i a c  output ,  o r  myocardial contrac-  
t i l i t y  (dP/d t ) .  Thus, pulmonary hemodynamics and the  systemic capaci- 
tance v e s s e l s  are more a f f e c t e d  by a c u t e  exposure t o  F- than is c a r d i a c  
func t ion .  

KEY WORDS: Dogs, cardiopulmonary response; F luor ide ,  c a r d i a c  e f f e c t  

Repr in ts :  Dept. of Physiology, Texas College of Osteopathic  Medicine, 
F t .  Worth, Texas. 
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INORGANIC FLUORIDE CONCENTRATION AND RENAL 
FUNCTION AFTER ENFLUWE ANESTHESIA 

by 

Shoko As0 
Fukushima, Japan 

(Abs t rac ted  from Japanese J. of  Anesthesiology, 32:1212-1219, 1983) 

Methoxy€lurane i s  metabol ized,  i n  p a r t ,  t o  inorganic  f l u o r i d e .  Cases 
of f l u o r i d e  ion-induced r e n a l  f a i l u r e  have been reported fol lowing i ts  
use. Enflurane undergoes siniiiar metabolism. 

In t h e  p r e s e n t  s tudy ,  serum and ur inary  inorganic  f l u o r i d e  concentra- 
t i o n s  d u r i n g  and fol lowing a n e s t h e s i a  were measured, and the inf luence  o f  
e n f l u r a n e  on r e n a l  f u n c t i o n  was monitored i n  15 s u r g i c a l  p a t i e n t s .  For 
comparison, s i x  c o n t r o l  p a t i e n t s  were a n e s t h e t i z e d  wi th  halothane.  

Moreover, i n o r g a n i c  f l u o r i d e  l e v e l s  i n  5 e l d e r l y  p a t i e n t s  between 
com- 63-76 y e a r s  of  age and i n  10 younger s u b j e c t s  18-52 years  o l d  were 
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pared during the following enflurane anesthesia. Inorganic fluoride lev- 
els were measured by an Orion Specific Ion Meter Model 407 with the fol- 
lowing results: 

1. Peak serum fluoride levels were higher (34t10.0 vs. 15.024.1 uM/ 
L) in elderly patients than in younger subjects. These levels were 
reached 2 hours after termination of enflurane anesthesia. 

2. Peak urinary fluoride levels were also higher (1409'492.9) vs. 
827.6t353.6 uM/L) in elderly than in younger patients. 

3 .  Patients anesthetized with halothane showed insignificant changes 
in serum and urinary inorganic fluoride concentrations. 

4. BUN, serum creatinine, Ccr, Cosm and TcH20 did not change from 
preoperative values. 

Metabolism of enflurane to inorganic fluoride was insufficient to 
cause clinically significant renal dysfunction. However, it should be 
noted that enflurane anesthesia in elderly patients may induce renal dys- 
f unc tion. 

KEY WORDS: Enflurane, halothane, methoxyflurane anesthesia; Serum and 
urinary F levels 

Reprints: Dept. of Anesthesiology, Fukushima Med. College,Fukushima, 960 
Japan. 
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Osteose fluoree d'origine hydro-tellurique 
chez une insuffisante r6nale 

FLUOROSIS DUE TO FLUORIDE IN WATER AND SOIL IN A 
CASE OF RENAL INSUFFICIENCY 

B. Hurault De Ligny, B. Gilson, A. Mariot, M. Keszler, 
A. Arlot, P.J. Meunier, and C. Huriet 

Paris, France 

(Abstracted from Sem. Hop. Paris, 60:119-123, 1984) 

Chronic renal insufficiency due to a congenital renal malrormation 
was aggravated in a 23-year-old Algerian woman by fluoride in her drink- 
ing water (2.70 mgll). Roentgenograms indicated osteosis with bone densi- 
ty suggestive of fluorosis rather than renal osteodystrophy. Fluoride as- 
says of bone specimens confirmed this diagnosis. 

Histomorphometric analysis of bone biopsy specimens showed mixed le- 
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s i o n s ;  major osteocondensat ion due t o  bone f l u o r o s i s  and morphologic and 
dynamic os teomalac ia  were r e l a t e d  t o  the chronic  r e n a l  f a i l u r e .  

In  a d d i t i o n  t o  f l u o r i d e  obta ined  from water (2.70 mg/ l ) ,  e s t i m a t e d  
t o  be  2 t o  3 l i ters  p e r  day o r  up t o  8 mg p e r  day, a cons iderable  amount 
of f l u o r i d e  w a s  inges ted  through tea h i g h  i n  f l u o r i d e  and from d a t e s .  

Hydrofluorosis  i s  r a r e  among p a t i e n t s  less than  35 y e a r s  o l d .  

Key words: Renal i n s u f f i c i e n c y ;  S k e l e t a l  f l u o r o s i s .  

Reprints :  Serv ice  de  N6phrologie, Centre  H o s p i t a l i e r  U n i v e r s i t a i r e  de 
Brabois ,  54500 Vandouvre l es  Nancy. 
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Action du F- s u r  l e  d t a b o l i s m e  hgpat ique  de l a  d i d t h y l n i t r o s a d n e  
e t  du benzo(a)pyr&ne chez l e  r a t  

ACTION OF F- ON DIMETHYLNITROSAMINE AND BENZO(A)PYmE 
LIVER METABOLISM IN RATS 

by 

H. DoPhunoc, G. Bompart, P. Bourbon, and L. B o u t e i l l e  
Vigoulet-Auzil, France 

(Abstracted from Toxicologica l  Eur. Res., 5:31-35, 1983) 

The a c t i o n  of f l u o r i d e  on l i v e r  metabolism of dimethylni t rosamine and 
benzo(a)pyrene w a s  i n v e s t i g a t e d  w i t h  r e s p e c t  t o  t h r e e  fo l lowing  parameters :  
(a)  dose l e v e l ,  (b) age of rats,  and (c )  method of a d m i n i s t r a t i o n .  The re- 
s u l t s  showed t h a t ,  p a r a l l e l  w i t h  i n c r e a s i n g  t h e  dose t o  c e r t a i n  concontra- 
t i o n s  e i t h e r  by i n t r a p e r i t o n e a l  i n j e c t i o n s ,  i n g e s t i o n ,  o r  i n h a l a t i o n , t h e r e  
occurred g e n e r a l l y  an induct ion  of  dimethylnitrosaminedemethylase and 
reduct ion  i n  the  amount of cytochrome P450. 
f a i l e d  t o  a f f e c t  benzo(a)pyrene metabnlism. 

a 
On t h e  o t h e r  hand, f l u o r i d e  

For t h i s  s tudy ,  i n h a l a t i o n  seem t o  be  the  most s u i t a b l e  method of  F 
a d m i n i s t r a t i o n .  
s t a n t ,  and i t  b r i n g s  about  t h e  g r e a t e s t  changes i n  t h e  metabolism of dime- 
thy ln i t rosamine  (30 t o  70% induct ion)  and 10 t o  40% decrease  i n  cytochrome 
P450 compared t o  c o n t r o l s .  f l u -  
o r i d e  augments t h e  carc inogenic  e f f e c t  of dimethylni t rosamine w i t h o u t  af-  
f e c t i n g  benzo(a)pyrene.  

KEY GIORDS: Dimethylnitrosamine, Benzo(a)pyrene; Cytochrome P450; F l u o r i n e .  

Repr in ts :  Inserm U.57, Allee C. Soula ,  31320 Vigoulet-Auzi l ,  France 

It permi ts  t h e  level i n  blood t o  remain r e l a t i v e l y  con- 

Under t h e  condi t ions  of t h e  experiment ,  

********** 

Volume 18 NO. 1 
January 1985 



THE INTERNATIONAL SOCIETY for FLUORIDE RESEARCH 
P.O. BOX 692 WARREN, MICHIGAN 48090 


	JRNL.pdf
	Vol 18  #1  January    1985  Pages  1-70
	CONTENTS
	GUEST EDITORIAL
	Fluoride Maximum in Drinking Water - by F.I. Scott, Jr. .......... 1-3

	ORIGINAL ARTICLES
	Correlation Between Occurrence of Fluoride in Ground and Surface Water Resources and Dental Fluorosis in Kenya - by K.R. Nair, and J.N. Gitonga, Nairobi, Kenya .......... 4-11
	Fluoride in Godavari River at Paithan, Marathwada, Maharashtra State - by U.H. Mane and K.S. Pillai, Aurangabad, India .......... 12-14
	Effect of Hydrogen Fluoride Fumigation in Triticum Aestivum, Brassica Juncea and Phaseolus Aureus Plants - by H.C. Sharma, Nagpur, India .......... 15-21
	A Field Study of Fluoride Pollution Over a Period of One Year in the Vicinity of Enamelling Plants - by P. Bourbon, and C. Rioufol, Toulouse, France .......... 22-30
	Level of F- in Enamel Spots Under Fluoridation and Trace Concentration of F- in Drinking Water - by Z. Janczuk, K. Opalko, K. Lisiecka, and E. Domzalska, Szczecin, Poland .......... 30-36
	Fluoride Distribution in Two Salt-Affected Soils - by R.S. Lavado, and N.B. Reinaudi, Buenos Aires, Argentina .......... 36-40
	Effects of Fluoride on Rabbits Fed Low Calcium Diet - by Mitsuru Tsuchida and Fumiyoshi Yanagisawa, Tokyo, Japan .......... 41-46
	A Preliminary Investigation of Industrial Fluorosis in a High Fluoride Area of China - by Yang Zhiling, Luo Yihua, Zhang Liansheng, Zhao Ahengping, Ou Yanghua, Ma Weiguo, Sha Peizhen, Sun Hai, and Lin Huilan, Changsha, Hunan and Guiyan, Guizhou, China .......... 46-53
	Effect of Fluoride on Soft Tissues in Vertebrates (A Review) - by P.A. Monsour, and B.J. Kruger, Brisbane, Australia .......... 53-61

	ABSTRACTS
	Cytotoxicity, Chromosome Aberrations and Unscheduled DNA Synthesis in Cultured Human Diploid Fibroblasts Induced by Sodium Fluoride - by Takeki Tsutsui, Nobuko Suzuki, Manabu Ohmori and Heiji Maizumi, Tokyo, Japan .......... 62-63
	Introduction of Unscheduled DNA Synthesis in Cultured Human Oral Keratinocytes by Sodium Fluoride - by Takeki Tsutsui, Koiche Ide, and Heiji Maizumi, Tokyo, Japan .......... 64
	Dental Caries and Strontium Concentration in Drinking Water and Surface Enamel - by T.M. Athanassouli, D.S. Papastathopoulous and A.X. Apostolopoulos, Athens, Greece .......... 65-66
	Endemic Fluorosis in Andhra Pradesh - by S.G. Srikantia, Hyderabad, India .......... 66-67
	Cardiopulmonary Response to Sodium Fluoride Infusion in the Dog - by J.F. Gaugl, and B. Wooldridge, Ft. Worth, Texas .......... 67-68
	Inorganic Fluoride Concentration and Renal Function after Enflurane Anesthesia - by Shoko Aso, Fukushima, Japan .......... 68-69
	Fluorosis Due to Fluoride in Water and Soil in a Case of Renal Insufficiency - by B. Hurault De Ligny, B. Gilson, A. Mariot, M. Keszler, A. Arlot, P.J. Meunier, and C. Huriet, Paris, France .......... 69-70
	Action of F- on Dimethylnitrosamine and Benzo(a)Pyrene Liver Metabolism in Rats - by H. DoPhunoc, G. Bompart, P. Bourbon, and L. Bouteille, Vigoulet-Auzil, France .......... 70







