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Editorial  

FLUORIDE, WATER AND VEGETATION 

There  is considerable information on t h e  uptake of fluoride from soil 
and air ,  but little has  been presented on  up take  of fluoride from w a t e r  (1). 
Plants  c a n  accumula t e  fluoride when their  aer ia l  pa r t s  are exposed, e i the r  
by flooding or sprinkling, to fluoride-containing water .  

Experiments  in our laboratory showed t h e  following accumulat ion in barley 
leaves with daily foliar sprays of different  f luoride concen t r a t ions  a f t e r  15 
days. 

Accumulation of Fluoride in Barley Leaves from Foliar Sprays 

pprn Fluoride in Spray 0 1 5 10 20 

ppm Fluoride in t issue (dry wt.) 10 13 104 130 240 

The  fluoride accumulat ion in plants  was very high, at concen t r a t ions  in 
t h e  w a t e r  over  5 ppm, exceeding t h e  to l e rance  levels proposed for domes t i c  
animals  (heifers,  30 pprn; dairy c a t t l e ,  40 ppm; beef cattle, 50 ppm; breeding 
ewes,  60 ppm; horses,  60 pprn) (2).  These tolerance levels a r e  a suggested 
guide only when t h e  f eed  is essentially t h e  sole  source of fluoride. Scient is ts  
a t  Cornell  University have  s t rongly questioned the  above to l e rance  levels 
and showed injury to c a t t l e  a t  levels below those established by t h e  National 
Research Council (3,4). 

Many natural ly  occurr ing and developed geothermal  wa te r s  in t h e  world 
contain significant quant i t ies  of t h e  pol lutant  f luoride and o the r  salts. The re  
is considerable motivat ion t o  locate ,  develop and ut i l ize  geo the rma l  wa te r  
for agricultural  purposes. In assessing t h e  problems of fluoride toxicosis in 
Western United S ta t e s ,  d a t a  f rom over  300 geothermal  wells were  compiled 
(5). A t  least 68 percent  of t h e  wa te r s  contained fluoride ranging from 2-30 
ppm. Fluoride con ten t  of ranch wa te r s  in Idaho were  as follows: 

Water Source Fluoride ppm 

Ranch - Grandview 
Regular We1 I 
Warm Well 

Ranch - Bruneau 
Culinary 
Pump 
Ditch f rom Flowing Well  
Flowing Well  Ou t l e t  

Geothermal  W e l l s  
Ranch - Raf t  River 

0.8 
14.2 

8.4 
9.7 

11.6 
11.5 

5.4- 10.4 

Fluoride con ten t  in vegetat ion ranged from 5 to  430 ppm. 

Another potent ia l  sou rce  of fluoride pollution in w a t e r  may  c o m e  from 
cooling towers  of coal-fired electrical plants. Although t h e  w a t e r  may  originally 
contain 0.2 ppm fluoride, a f t e r  release from t h e  cooling process  i t  may reach 
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I 5 6  Editorial 

5-10 ppm fluoride. Such water directly used for sprinkle irrigation would lead 
to  high concentrations in the folliage. 

Greater  demands will be made on agriculture t o  supply food needs of 
a rapidly expanding world population. In arid and semi-arid regions (over 30°/o 
of the world) sprinkle irrigation is very common. The use of wells containing 
high fluoride is prevalent and will increase with added pressures for food 
production on agriculture. Animals, both domestic and wild, will drink this 
water  (warm and attractively palatable) and consume forage containing high 
fluoride. There is a need for additional information on the e f fec ts  of high 
fluoride waters  on vegetation and ef fec ts  on animals consuming water  and 
vegetation irrigated with such water. Fluoride is still a serious pollutant and 
much research remains to be done. Support by Federal, S ta te  and Private 
agencies is important to  alleviate and avoid current and future problems 
associated with fluoride. 

- G.W. Miller 

1. 

2. 

3. 

4. 

5. 
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RADIOLOGICAL MODIFICATIONS OF THE SKELETAL SYSTEM 
AMONG ALUMINUM SMELTER WORKERS 

A 15-Year Re t rospec t ive  S tudy  

by 

H. Runge* and  J. F ranke  
Hal le  and  Erfur t ,  GDR 

SUMMARY: Previously by t h e  t i m e  ske le ta l  f luorosis among  
aluminum sme l t e r  workers due  to high fluoride exposure  
was  diagnosed numerous cases of bone fluorosis had a l r eady  
reached  s t ages  I1 and 111 accord ing  to Roholm. Today, as 
a result  of improved working conditions and  continuous hea l th  
ca re ,  t h e  p ic ture  has  changed. This paper  r epor t s  t h e  f re -  
quency of occur rence  of bone changes  caused  by f luor ide  
in a population of 358 aluminum s m e l t e r  workers  who had  
been fluoride exposed for  more  than  5 yea r s  and whose  
diagnosis had not been m a d e  prior to 1971. In t h e  examina-  
tion, par t icu lar  a t t en t ion  was  paid to degene ra t ive  changes  
of t h e  ske le ton  and t h e  f requency  of spondylosis, a r th ros i s  
of t h e  hip and elbow jo in ts  as well as changes  in t h e  fo rm 
of diffuse idiopathic ske le ta l  hyperostosis (spondylosis hyper- 
os to t ica  Fores t ie r ) .  A population of 81 foundry workers  in 
aluminum sme l t e r s  under s imi la r  working conditions,  bu t  
not f luoride exposed, se rved  as controls.  

KEY WORDS: Aluminum smel te r ;  Ar thr i t i s ;  Bone changes ,  radiologically visible; 
Fluorosis, skeletal;  Foundry workers;  Spondylosis. 

Introduction 

More than 50 years  have passed s ince  Mdller and  Gudjonsson ( I )  descr ibed  
fluorosis, a new occupational disease,  for  t h e  first  t ime. Roholm (2) subse- 
quently described th i s  disease in de ta i l  in c ryo l i t e  workers. H e  divided roent -  
genologically visible changes  in to  t h r e e  s tages ;  F r i t z  (3 )  added  t w o  p r e s a g e s  
(vague symptoms and s t age  0-1). In t h e  four th  to seventh  decades  of our 
century  description of typical ske le ta l  f luorosis wi th  d is t inc t  sc le ros i s  of t h e  
spine and pelvis and marked  format ion  of apposit ions at long bones  ( rad ius  
and ulna, as well as t ibia and fibula) in t h e  r ange  of t h e  lower legs  and  fore-  
a r m s  played a cen t r a l  role. In r ecen t  years ,  r epor t s  on less d is t inc t  f luorosis 
ca ses  IS incresing (4-12), in which hyperostosis a t  t h e  sp ine  and  bone  apposi- 
t ions a t  muscular and l igamental  a t t a c h m e n t s  dominate.  Also  Carnow and  
Conibear (13) concluded f rom a s tudy  of 1242 aluminum s m e l t e r  workers  t h a t  
f luoride exposures  were  r e l a t ed  to a history of musculo-skeletal  d i seases  and  
o the r  abnormal i t ies  in t h e  absence  of radiologically apparent  ske le t a l  fluorosis. 
They sugges ted  tha t  non-specific changes  could compr i se  a n  e a r l y  s t a g e  of 
fluorosis. 

In view of t hese  f a c t s  we  examined  carefu l ly  about  500 aluminum s m e l t e r  
workers of an aluminum fac to ry  n e a r  Hal le  wi th  r e spec t  to roentgenological 

Depa r tmen t  of Othropedic  Surgery,  Facu l ty  of Medicine, Martin-Luther- 
University, Halle, GDR. 

I57 



158 Runge  and  F ranke  

symptoms. Previously Franke  et al. (14) and Specht  (15) had classified all 
cases of fluorosis of t h e  s a m e  fac tory ,  which had  occur red  up  to t h e  ea r ly  
1970s. Thus in th i s  paper  only those  workers  a r e  included whose d isease  had 
begun during t h e  last 15 years  (1971-1986) who have  been  fluoride-exposed 
for  more  than  5 years.  

This group of 358 aluminum s m e l t e r  workers was  compared  with t h e  
fluoride-exposed subjec ts  examined  by Specht  ( 1  5) taking in to  cons idera t ion  
exposure t ime,  a g e  when s t a r t i ng  t h e  occupat ion  and  age  when t h e  disease 
began. 

Mater ia l s  and  Methods 

The  roentgenograms of 358 aluminum sme l t e r s ,  having been fluoride- 
exposed for more  than 5 years  were  analysed. X-ray photographs were  ava i lab le  
of t h e  tho rac i c  and  lumbar spine a t  two  levels, of t h e  pelvic region ap. and 
la te ra l ,  of t h e  fo rea rms  with elbow and  of t h e  lower legs ap. and  la te ra l ly  
with the  knee  joint. Moreover,  in t h e  cour se  of t h e  last two  years  l a t e ra l  
x-ray photographs of t h e  heel bone of all aluminum s m e l t e r  workers  were  
reg is te red  by  screening. According to t h e  hea l th-care  program for  fluoride- 
exposed persons in t h e  G.D.R., t h e  above-mentioned x-ray photographs a r e  
taken  eve ry  four years.  In addition, workers  a r e  thoroughly examined  clinically. 
A population of 81 foundry workers  from di f fe ren t  f ac to r i e s  of t h e  G.D.R. 
(in Halle and  Karl-Marx-Stadt)  se rved  as controls.  They  worked under s imi la r  
conditions as well as under t h e  inf luence  of e x t r e m e  hea t ,  wi thout  being 
exposed to fluoride. Their ages  were  approximate ly  t h e  s a m e  as t h e  aluminum 
s m e l t e r  workers  (49.2 yrs t6.87 for  t h e  workers  in t h e  foundry and  47.5 yea r s  
f 10.14 for workers  in aluminum sme l t e r s )  par t icu lar ly  impor tan t  in connec t ion  
with the  assessment  of t h e  f requency  of various degenera t ive  ske le ta l  symp- 
toms. 

Resul t s  

Table 1 shows t h e  f requency  in percent  ( O h )  of t h e  various s t a g e s  of 
fluorosis in  t h r e e  d i f fe ren t  groups of fluoride-exposed subjects.  Whereas F r i t z  
(3) ca r r i ed  ou t  his examinat ions  in c ryo l i t e  workers,  Specht  ( 1 5 )  and w e  investi- 
ga t ed  aluminum s m e l t e r  workers of t h e  s a m e  fac to r i e s  near  Halle. 

Fr i tz  found tha t  over  40% of t h e  cases were  suf fer ing  f rom fluorosis 
s t a g e  0-1 up to s t a g e  111; Specht  found t h a t  45.7% fell in to  these  groups, 
whereas  in our  present examinat ion  only 18.7% of fluoride-exposed persons 
were  in these  stages.  Among Specht’s pa t i en t s  only 21.6% showed no fluoride- 
caused  changes  of t h e  ske le ton ,  in o t h e r  words he  found 7 3 . 5 1  without ske le ta l  
changes. 

Table  2 shows medium fluoride-exposure t i m e  leading to  fluorosis, in 
comparison with examinat ions  by F r i t z  and  Specht.  According to th i s  t ab le  
t h e  t i m e  leading to fluorosis s t a g e  I, I1 o r  Iff is longer, on t h e  average ,  in 
Fritz’s than  in Specht’s workers. In ou r  investigation i t  is somewha t  longer. 
Medium exposure  t i m e  of workers who developed t h e  disease be tween  1971 
and 1986 does not d i f fe r  markedly with r e fe rence  to t h e  individual s t a g e s  
of fluorosis; i t  is a lways  around 20 yea r s  wi thout  s t a t i s t i ca l  significance,  
with a r ange  of 10 to 43 years  ( fo r  example  in s t a g e  I). In Table  3 w e  did 
not demons t r a t e  t h e  dependence  on  t h e  worker’s age  when en te r ing  t h e  produc- 
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Radiological Modifications of the  Skeletal System 159 

Table 1 

Frequency (%) of Various Stages of Fluorosis in 
Three Different Fluoride-Exposed Groups. 

Fluorosis Fritz I19581 Specht [1975] Runge [1986] 
Stage (n = 156) (n  = 300) ( n  = 358) 

N o  Changes 53.2 21.6 73.5 

Vague Symptoms 4.7 32.7 7.8 

0- I 17.6 17.3 7.8 

I 13.6 16.0 5.3 
7.0 3.9 

II 5.7 2.3 0.6 
2.3 1.1 

- 1 - 1 1  

- 11-1l1 
- Ill 5.2 0.8 

Table 2 
Mean Fluorlde Exposure (Years) for Developing Fluorosis. 

Fluorosis Specht [1975] Runge 119861 
Stage F r i t z  [19581 (mean/range) (mean/ranQe) 

N o  Changes - 9.7 (0-20) 19.9 (5-35) 

Vague Symptoms 1 1  12.8 (2-23) 19.2 (10-37) 

0- I 12-13 14.1 (5-33) 22.6 (10-30) 
I 12-26 15.0 (6-36) 21.1 (10-43) 

1 - 1 1  - 17.2 (12-27) 21.1 (10-33) 

II 21-31 17.6 (11-21) 17.5 (16-19) 

1 1 - 1 1 1  - 18.9 (14-25) 21.3 (15-26) 
- Ill  25-35 19.5 (19-20) 

tion process or on the worker’s age at  t h e  t ime of diagnosis, nor could expo- 
sure  t ime be related t o  the development of a cer ta in  stage of fluorosis. There- 
fore occurrence of bone fluorosis does not depend upon whether the worker 
s ta r t s  working in such  a factory a t  age 20 or a t  age 40. Nor is duration 
of exposure significant, since stages 11-111 can be demonstrated a f t e r  15 years. 
On the other hand, in some cases, more than 30 years may be  necessary 
t o  develop vague symptoms or s tage 0-1. 

Individual differences in  sensitivity t o  noxious fluoride seems to  be more 
important. The three tables demonstrate that  i t  is qu i t e  possible to  be an 
aluminum smelter worker for 30 years or longer without showing fluortde- 
caused bone changes, whereas others develop symptoms of fluorosis af ter  
only 10 years; the  varying effect of fluoride has been demonstrated by therapy 
tes ts  for osteoporosis. 

Fluoride 



160 Runge and Franke 

Table 3 
Worker's Age When Entering Production Process and Age of Diagnosis 

(n = 358 Aluminum Smelter Workers wi th over 5 Years Exposure Time). 

Duration of 

n (mean/S.D.) ( mean/S.D.) (mean/S.D.) 

Age ( in Years) 
A t  Start of A t  Confirmation Exposure 
Employment of X-ray Diagnosis Fluorosis 

Stage 

19.9 29.26 
Vague Symptoms 28 29.4 t7.42 51.0 t9.52 19.2 t6.21 

0- I 28 27.9 t7.07 51.5 27.40 22.6 t4.96 
I 19 32.0 t8.04 53.8 t9.10 21.1 t7.67 

1 - 1 1  14 31.6 28.27 54.6 t5.68 21.1 t6.40 
I1 2 32.5 t12.02 50.0 t9.90 17.5 t2.12 

1 1 - 1 1 1  4 28.3 t2.36 50.5 27.33 21.3 t5.19 

No Change 263 22.9 f15.30 - 

For this reason we examined the causes of this difference in  sensitivity 
to fluoride by studying the degenerative changes in  fluoride-exposed persons, 
the frequency of which i s  il lustrated in  Figure 1. Spondylosis, elbow and hip 
joint arthrosis occur more often in the 95 cases diagnosed as fluorosis. Also 
bony appositions at the epicondyles o f  the humerus and in  the pelvic region 
occur more frequently in the fluorosis-group than in  fluoride-exposed subjects 
with symptoms of fluorosis. Like Boillat e t  al. (7) we observed hyperostosis 

Figure 1 

Frequency in Percent (%) of Spondylosis, Diffuse Idiopathic Skeletal 
Hyperostosis (DISH), Bony Appositions and Arthrosis of Elbow and 
Pelvic Regions (n = 358 Aluminum Smelter Workers, Exposure-time 
over 5 Years; 95 Workers wi th Signs of Fluorosis, 263 without 
Fluorotic Bone Changes). 
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of t h e  spine or of peripheral  skeletal  pa r t s  i n  22 cases ,  a par t icular  form 
of fluorosis. T h e  final evidence t h a t  t h e  changes a r e  really fluoride-caused 
can  only be  produced by a biopsy of t hese  areas ,  a measu re  not desired by 
t h e  workers. In t h e  Anglo-American l i t e r a tu re  these general ized hyperostoses 
are r e fe r r ed  t o  as Diffuse Idiopathic Skeletal Hyperostoses (DISH). In Germany 
and F rance  they a r e  described as spondylosis hyperostot ica  or Fores t i e r  desease 
(16-24). Neither  Boillat e t  al. (5) nor w e  found differences between t h e  
fluoride-induced hyperostosis and t h e  form which (at a much lower frequency) 
can  occur  spontaneously without ex te rna l  cause  (idiopathic). In our 22 cases ,  
bone density w a s  normal in 12, i.e. no sclerosis of the  spine nor of the  pelvis 
could be  identified.  

Figure 2 compares  t h e  frequency of spondylosis, elbow and hip joint a r th -  
rosis as well as bony apposit ions in t h e  elbow and pelvic region of fluoride- 
exposed aluminum sme l t e r  workers  t o  t h a t  of iron foundry workers. The aver-  
a g e  a g e  of t h e  t w o  groups examined was  approximately the  s a m e  (47.48 yrs  
in t h e  fluoride-exposed group; 49.21 yrs  in t h e  controls).  

I t  c a n  be  noted t h a t  spondylosis, DISH (no c a s e  occurred among workers 
not exposed to fluoride) as well as bony apposit ions occurred more  o f t en  
in aluminum s m e l t e r  workers. Ar th ro t i c  changes of the  elbow joint likewise 
occur red  of ten,  but were  m o r e  dis t inct ly  developed among aluminum sme l t e r  
workers; coxarthrosis  was found more  frequent ly  in non-fluoride exposed foundry 
workers than in aluminum s m e l t e r  workers. In the  majority of these  DISH-like 
cases t h e  hyperostot ic  changes in t h e  region of t h e  spine, pelvis, elbow joints 
and heel bones, were  observed simultaneously with a normal density of the  
skeleton. 

Figure 2 

Frequency in Pe rcen t  of Spondylosis, DISH, Bony Appositions and 
Arthrosis  of Elbow and Pelvic  Region in Population of Fluoride-Exposed 
Workers (n = 358) compared  with Non-Fluoride Exposed Population 
of Foundry Workers (n = 81). 
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Discussion 

Our s tudy  shows that  hyperostosis of t h e  spine and peripheral  skeletal  
p a r t s  occurs  more  frequently among fluoride-exposed aluminum s m e l t e r  
workers. It is  s imilar  to diffuse idiopathic skeletal  hyperostosis (or spondylosis 
hyperostot ica  Fores t i e r )  (16-24). Separat ion of t h e  fluoride-caused form from 
t h a t  etiologically unexplained idiopathic is  only possible through bone biopsy. 
DISH is accompanied by a dis turbance of t h e  vitamin A metabolism (16). 
In t he  l i t e r a tu re  t h e r e  a r e  no s imilar  examinat ions of fluoride exposed subjects  
with hyperostosis. As in t h e  43 aluminum s m e l t e r  workers suffer ing from 
fluorosis examined by Boillat et al. (6) we found no pathology in our aluminum 
s m e l t e r  workers  o t h e r  than movement  res t r ic t ions and cases of asthmoid bron- 
chitis. 

Regarding t h e  question raised by Boillat e t  al. (6) on t h e  role of physical 
s t r e s s  in t h e  development  of fluorosis and i t s  osteoart icular  manifestation, 
w e  have no final answer. In our pa t i en t s  ver tebral  changes even  exceeded 
t h e  7046 of Boillat et al. (6), when DISH-like hyperostoses of t h e  spine were  
added. Hyperostot ic  changes at  t h e  knee joint, which occur red  in the  reports  
of the  above-mentioned authors  in 43% of cases were  found in less than 5% 
of ours. 

In numerous cases ,  w e  noted considerable ar throsis  of t h e  elbow joints, 
recognized as an  occupational disease in our country;  aluminum s m e l t e r  workers  
are obliged for  years  to use a steel rod t o  break the  sme l t  crust .  Boillat 
et al. (6) reported 0.5-2.3 mg F/m3 in the  air  in t he  electrolysis  area. In 
comparison in t h e  factory where  our pat ients  wock t h e  values  were par t ly  
ove r  5 mg F/m3 around 1970. In r ecen t  years,  a i r  F was 2.5 m g  F/m3. Never- 
theless,  t h e  formerly typical sclerosis does not  occur  a s  frequently.  On t h e  
o t h e r  hand, skeletal  changes s imilar  to degenerat ive diseases a r e  observed. 

Czerwinski and Lankosz (8) who question whether  mechanical f ac to r s  
play a role in developing fluoride-caused bone changes consider t h e  possibility 
of synergistic act ion of fluorine and mechanical factors.  T h e  frequency of 
ver tebral  changes  could be  f ac i l i t a t ed  largely by prolonged exposure apa r t  
f rom mechanical factors.  Since t h e  crust  breaking equipment  was formerly 
poorly suspended, t h e  whole body was exposed t o  considerable shaking, result ing 
in spondylosis. 

Conclusion 

In the  last 15 years  due t o  improvement  in working conditions (new c rus t  
breaking equipment ,  with a cabin,  improvements  of suction devices)  and inten- 
s ive  health ca re ,  t h e  f requency of fluorosis has  markedly diminished in t h e  
f ac to ry  supervised by us and only incipient s t ages  of fluorosis are encountered. 
However,  t h e  number of workers  showing degenerat ive spinal changes beyond 
t h e  normal level is  still high. As fluoride is largely used in t h e  nickel, copper,  
coal, gold and silver industries, in t h e  production of fert i l izers,  narcot ic  gas  
as well as in t h e  production of s teel ,  iron, glass, ceramics ,  enamel  and num- 
erous o t h e r  production processes,  t h e  possibility of developing occupational 
fluorosis must a lways be  considered. The  total number of Amer ican  workers  
potent ia l ly  exposed t o  fluorides, according to t h e  National Inst i tute  for Occua- 
pational Sa fe ty  and Heal th  (25). i s  350,000. Although the  seve r i ty  of industrial  
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fluorosis is decreasing in some  aluminum factor ies ,  a t  present ,  due to improved 
control  and working conditions, t h e  danger  caused by fluoride IS Increasing 
a s  its use in industry becomes more extensive.  
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EFFECT O F  FLUORIDE ON REPRODUCTlON IN MICE 

by 

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

SUMMARY: Mice were  adminis tered daily 17.3 and 5.2 mg 
F/kg b.w. ( I / ) r d  and LD50, respect ively)  orally f rom 
day 6 of mating until day 15 (10 days). Body weight and 
amount of food consumed were measured daily, until day 
2 I ,  when t h e  experiment  was terminated.  Fluoride- t reated 
mice  showed no sign of pregnancy; body weight and RBC 
counts  declined. Hemoglobin declined significantly in mice 
given 5.2 mg F/kg b.w. 

KEY WORDS: Blood parameters ;  Body weight; Mice; Reproduction. 

Introduction 

Available r epor t s  on adminis t ra t ion of fluoride in pregnant  laboratory 
animals  a r e  few. Sodium fluoride and calcium fluoride, adminis tered in Webster 
mice during gestat ion,  a f f e c t e d  t h e  matr ix  of calcif ied t issues of neonatal  
mice (1). Similar resul ts  have  been demons t r a t ed  in Wistar albino r a t s  (2). 
Administration orally of 25 mg F/kg b.w. t o  pregnant  r a t s  caused f e t a l  ab- 
normalit ies in l iver,  kidney, skull, jawbones and t e e t h  (3). The foregoing s tudies  
c lear ly  indicate  t h a t  f luoride is a t e ra togen ic  agent. Shepard (4) likewise 
included it in his book Ca ta log  of Tera togen ic  Agents. 

This study a ims  to de te rmine  t h e  effect of sublethal concentrat ions of 
fluoride on pregnant  mice. 

Mater ia ls  and Methods 

Laboratory inbred Swiss albino mice  (30-35 g in weight) of Haffkine s t ra in  
of our colony ( Ja i  Research Foundation, Valvada, Dist. Valsad, Gujarat)  were  
used. Female  mice  were  placed overnight with males  (in t h e  r a t io  of 1:2) 
The following morning f ema le  mice  were  examined for  t h e  sign of mat ing 
(presence of vaginal plug). The  day on which t h e  vaginal plug was observed 
in mice was considered t h e  f i rs t  day of pregnancy (day 1 pos t  coi tum).  

Sodium fluoride, 17.3 mg F/kg b.w. dissolved in disti l led water ,  was 
administered orally (single dose adminis t ra t ion)  to e a c h  mouse daily t o  4 mice  
of Group 1, and 5.2 mg F /kg  b.w. to 4 mice  of Group 2 f rom day 6 p ~ ~ t  
coi tum until day I5 post coitum. The  t w o  doses are considered ' j 3 rd  and ' / I  th 
of LD5o (5), respectively.  Groups 3 and 4, t w o  control  groups, consisting 
of 4 mated  and 4 non-mated mice,  respectively,  received distilled water.  
Throughout t h e  experiment ,  animals  of all groups were  given pel le t ted mice  
f eed  and w a t e r  ad libitum. 

* From t h e  Ja i  Resea rch  Foundation, Off N.H. No. 8, Valvada, Taluka 
Umbergam, Dist. Valsad, Gujarat  396108, India. 
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Body weight of individual animals and amount of food consumed were 
noted from day 6 post coitum until day 21 post coitum, when the  experiment 
was terminated. On this day blood cell count (RBC and WBC) and hemoglobin 
estimation (6 )  were carried out on mice following which the  animals belonging 
t o  Groups 1 and 2 were sacrificed t o  observe the  uterus. 

Relationship of day, body weight and food consumed was studied by 
multiple regression equation and partial correlation coefficients (7). Blood 
parameters were compared using Student-Newman-Keul's tes t  (8). 

Results and Discussion 

Group 3, control animals, delivered on the  21st day. Groups 1 and 2 
showed no sign of pregnancy. Examination of uterii of these animals showed 
no evidence of implantation of embryos. Administration of fluoride in conceived 
mice on day 6 post coitum might have a f fec ted  implantation of blastocytes. 
However, this view is not proven. 

Pregnant mice (Group 3) showed a significant increase in body weight 
during 6-20 days (from 32.5 * l . 4  g to 51.3 t0.4 9). Group 4 mice showed 
a body weight gain from 23.9 t o  27.4 g. Data  on mice belonging to  the  control 
group when compared t o  changes in body weight and food consumption in 
fluoride-treated mice (Figure 1 )  showed that  food consumption, and body weight 
of mice given 17.3 mg F/kg b.w. were significantly related (Table I). However, 
in mice given 5.2 mg/kg b.w. the relationship was not significant. Control 
animals showed a highly significant multiple correlation coefficient. The signifi- 
cant  r indicates that  the body weight of controls increased day by 
day. XlY.XZ 

Table 1 

Multiple Regression Analysis 

Animals 
Multiple Partial 

Correlation Correlation 
Coefficient (R) Coefficients 

Mu1 t i  ple Regression 
Equation* 

17.3 rng F/kg b.w. Y = 27.18 - 0.06 X1 - 0.07 X 2  0.66- r = 0.48 
x1 x2 .Y 

r = -0.29 
xz Y.X l  

r = 0.38 
x1 Y.X 2 

5.2 rng F/kg b.w. Y = 21.18 -0.11 X1 + 0.18 X2 0.54 (N.S.) (N.S.) 

Control Y = 24.28 + 0.27 X 1 - 0.07 X 2 0.97* r = 0.19 
X l  x2 .Y 

r -0.34 
* Y . X l  

r = 0.96* 
Xl Y.X2 

*Y = a + blXl + b2X2, w h e r e  X 1  and X2 are days and food consumption (g/100 g 
b.w.), respectively and Y is the body weight of mice (9); "a" is t h e  intercept and 
"bl" and "b2" are the slopes. 

*Correlation coefficients are significant a t  5% probability level. N.S. - Not significant. 
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Compared t o  controls (Group 4) RBC (in fluoride-treated mice) decreased 
significantly (Table 2), but changes in WBC were insignificant (p > 0.05). 
In mice t rea ted  with 5.2 mg F/kg b.w. hemoglobin decreased significantly. 
Decrease in both RBC (9) and hemoglobin (10) in ra t s  due t o  fluoride toxicity 
has been reported previously and many researchers (1  1,12) have shown that  
fluoride exerts  an adverse effect  on WBC. 

Table 2 

RBC, WBC and Hemoglobin in Mice 

Mice RBC Hemoglobin 
(g/lOO mL) 

WBC 

12.47 x lo6+ 90.67 x 10' 11.42 
17.3 mg F/kg b-w. +57.80 104 4.63 x 10' i1.91 

11.83 x lo6+ 95.43 x 10' 8.59* 
5*2 mg F/kg b'w' i10.60 x lo5 i8.81 x 10' i 1.42 

13.29 x lo6 95.87 x 10' 11.76 
+27.87 x lo6 3.20 x 10' i0.98 Control 

~~ 

Values expressed as mean +S.D. ( n  = 4). Asterisks indicate significant 
difference from control (p 0.05). 

In this study, during the initial phase of the experiment, body weight 
of the  animals declined but following discontinuance of fluoride administration 
they s tar ted to gain body weight (Figure 1). By the t ime cell counts were 
done (6 days a f t e r  the  last fluoride dose) the  mice might have already s ta r ted  
t o  recover from fluoride's toxic effect. 

Conclusion 

Administration of fluoride t o  pregnant mice adversely a f fec ts  the  mothers. 
To understand t h e  mechanism of fluoride toxicity on implantation of embryos, 
requires further study. 
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Figure 1 

Changes in Body Weight (b .w.)  and Food Consumption of Mice. 
b.w. Expressed as Mean Weight of Mice. Bars show Standard Deviation ( n  = 4). 
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EFFECTS OF ENVIRONMENT UPON FLUORIDE CONTENT 
IN NAILS OF CHILDREN 

by 

2. Machoy* 
Szczecin,  Poland 

SUMMARY: This report  a i m s  to eva lua te  t h e  con ten t  of 
fluoride in nails of children, aged 10-12 years,  who a t t e n d  
schools in several  locali t ies in Poland. Preliminary s tudies  
have shown t h a t  t h e  method used, namely gas  ch romato -  
graphy, may be  applicable. 

KEY WORDS: Environment;  Fluoride determinat ion;  Fluoride in nails, 

Introduction 

To assess the  heal th  risk t o  people and animals, t h e  ex ten t  of environ- 
mental  pollution must be  determined. For this purpose fluorine bioindicators 
were utilized. T o  da te ,  body fluids, and/or hard and so f t  t issues have been 
analyzed, t o  s tudy fluorine metabolism. Since all fluids and t issues a r e  not 
easily accessible,  analysis is not a lways approved by physician or patient.  
Our ear l ier  report  focused on t h e  f ac t  t h a t  mater ia l  for fluoride examinat ion 
could be provided by human nails and animal c laws ( I ) ,  which a r e  within 
easy reach and,  as supporting substances,  exhibit  a c e r t a i n  s imilar i ty  t o  hard 
tissues. The main organic components  of hard t issues (bones) is collagen, 
whereas t h e  principal organic  component  of nails is kerat in .  T h e  object ive 
has been t o  find out whether  or not t h e  variable amounts  of fluorine in t h e  
environment a r e  r e f l ec t ed  in t h e  level of fluoride in children’s nails. 

Mater ia ls  and Methods 

The nails were supplied by children, aged  10-12 years,  a t t end ing  e l emen ta ry  
schools in Poland. The children were  divided into 5 groups, e a c h  with about 
50 subjects. Group I c a m e  from a locali ty where a big industrial  plant is 
engaged in processing phosphorites and apat i tes ;  t h e  drinking w a t e r  is not 
fluoridated. Ocassionally, in this locali ty,  t h e  norm in Poland calculated for 
24 hours for fluoride con ten t  in a i r  namely 0.01 mg F/m3 was exceeded. 
Group 11 c a m e  from a locali ty where  t h e  drinking w a t e r  was  art if ically 
fluoridated a t  0.64 ppm. Groups 111, IV and V resided in locali t ies with 400,000, 
80,000 and 10,000 inhabi tants  respect ively where  w a t e r  w a s  not f luoridated 
nor were  t h e r e  any l a rge  industrial plants. Altogether  t h e  nails of 284 children, 
138 boys and 146 girls, were  studied. 

The  fluoride in nails was  de t e rmined  by gas chromatography (2) with 
minor modification. Nails (10-50 mg) w e r e  dissolved in 200 u L  NaOH contain- 
ing 670 g NaOH/dm3, in polypropylene tes t - tubes and hea ted  in boiling w a t e r  
bath. A f t e r  cooling, 650 u L  of concen t r a t ed  HCI were  added slowly t o  t h e  
solution. It was  cooled again and 500 V L  of reagent  w e r e  added. T h e  basic 
composition of the  reagent  was I c m 3  benzene + 0.6 mg  trimethylchlorosilane,  

* Direct  correspondence t o  Z. Machoy, Pomeranian Medical Academy, 
Depar tmen t  of Biochemistry,  Szczecin,  Poland. 
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2-5 u g  isopentane (amount of l a t t e r  employed depended on t h e  con ten t  of 
fluoride in t h e  nails). The mixture  was  shaken on a microshaker for about  
20  minutes, and subsequently centr i fuged a t  40 g/5 min. t o  obtain separat ion 
of the  benzene layer from t h e  aqueous layer. Two and a half U L  of fluid were  
col lected from t h e  benzene layer by means of a Hamilton syringe and injected 
to de te rmine  fluoride by gas  chromatography against  t h e  s tandard solution 
(3). 

Resul ts  

The investigations were intended t o  evaluate:  I] t h e  gas chromatography 
method for determining fluoride in t h e  nails; 21 t he  level of fluoride in children 
living in different ,  variable conditions of the  natural  environment.  

Table I shows t h e  results of fluoride determinat ion in nails t aken  from 
I individual, aged 60 years, to establish repeatabi l i ty  of t h e  method. Tab le  
2 reports  t h e  fluoride analyses for nails of fingers and toes  obtained from 
a single subject.  Table  3 presents  mean value for determinat ions of fluoride 
in nails of children in the  5 groups described in t h e  previous section. 

Discussion 

The resul ts  presented in Tables 1 and 2 were meant  to eva lua te  t h e  
usefulness of t h e  gas chromatography method in determining fluoride in nails. 
The  exactness  of weighing t h e  nails was up to 0.01 mg with 10 t o  50 mg 
samples;  therefore ,  we consider any weight e r ro r  to be  relatively small. To 
de te rmine  t h e  e r r o r  due to measuring t h e  volume of t h e  solution sample with 

Table  1 

Repeatabi l ty  in Determinat ions of Fluoride in Nails from 
a Single Subject with t h e  Gas  Chromatography Method 

Level of Fluoride (ppm) Mean value 
of t h ree  
analyses 

Sample 
No. Analysis No. 

1 2 3 

1 1.53 1.45 1.49 1.49 

2 1.43 1.37 1.37 1.39 

3 1.64 1.84 1.72 1.73 

4 1.21 1.17 1.22 1.20 

5 1.14 1.14 1.17 1.15 

6 1.44 1.49 1.37 1.43 

7 1.59 1.71 1.62 1.64 

a 1.53 t .35 t .63 1.50 

9 1.88 1.72 1.57 1.72 

10 1.20 1.17 1.19 1.18 

Mean value: 1.45; Standard Deviation: 0.216 
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Table 2 

Level of Fluoride in Nails of One Subject Determined 
Separately for Fingers and Toes 

Level of Fluoride (ppm) 
Fingers Toes  Sample D a t e  

No. 

1 07/13/ 1985 2.44 

2 071 1 81 1 985 3.38 

3 oa/25/ 1 985 3.65 3.9 1 

4 091 1 51 1985 3.76 3.65 

5 101061 1985 4.37 2.3 1 

6 101271 1985 3.8 1 4.15 

7 1 1 1231 1 985 4.15 3.55 

a 1 2/15/1985 3.95 4.26 

9 o 1 /05/ 1 986 3.67 3.74 

10 01126/19a6 6.53 3.12 

11 02/20/ 1986 2.80 3.31 

12 031 1 41 1 986 3.35 2.87 

13 041031 1 986 3.02 3.63 

14 0412211 986 3.15 4.24 

15 051 101 1 986 2.50 3.96 

Fingers: Mean S.D. 3.65 21.02; total m a s s  1.24853 
Toes: Mean tS.D. 3.58 k0.55; total mass 2.17672 

t h e  Hamilton syringe, employed in the  gas  chromatography method, t h e  nails 
from fingers and toes of a subject were dissolved in NaOH solution. Next,  
a maximum number of analyses were  ca r r i ed  out  as pe rmi t t ed  by t h e  available 
mater ia l  (Table  I ) .  The magnitude of t h e  e r ro r  made is indicated by t h e  
s tandard deviation. W e  regard t h e  results satisfactory.  Table  2 contains  t h e  
values es tabl ished by determinat ion of fluoride in nails of fingers and toes 
of t h e  s a m e  individual with analyses performed over some  months. The  subjects  
lived in an  a r e a  where w a t e r  was fluoridated t o  0.64 ppm F . A f t e r  t h e  nails 
had been co l l ec t ed  they were  analyzed for the i r  f luoride content .  The de te r -  
mination of fluoride in these  samples  over  a number of days  is inclined to 
provide g r e a t e r  dispersion of t h e  results t han  tha t  depicted in Table  2. T h e  
s tandard deviat ion for fluoride in t o e  nails is smaller t han  tha t  in f inger  
nails. 

The second part  of t h e  paper deals with t h e  e f f e c t  of environmental  
changes on t h e  level of fluoride in nails of children (Table  3). T h e  highest  
level of f luoride in nails was  found in Group I residing in t h e  environs of 
a large industrial  plant processing phosphorites and apati tes.  Likewise, f luoride 
was e l eva ted  in nails of children from t h e  locali ty where w a t e r  is  fluoridated. 
Standard deviations in both groups were highest. Only in Group 11, compared  
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Table  3 
Level of Fluoride in Nails of School Children, Aged 10-12 Years  

" t l l  Degrees  of Significance 
Children No' Of Mean iS.D. Freedom 

1 53 12.2 58.7 

II 66 8.6 i5.1 2.66 83 p < 0.01 
Ill 55 2.5 i1.5 8.00 57 p 0.001 
IV 60 6.4 i2.6 4.67 63 p < 0.001 
V 50 7.6 t2.8 3.65 66 p < 0.001 

Group I d i f f e red  statistically compared  with remaining groups. 
The  d i f f e rences  a r e  highly s ignif icant  by Student 's  "t" test. 

with Group I, was  t h e  s ignif icance p < 0.01. Upon comparing groups 111, IV 
and V t h e  level of fluoride in nails was  highest in locali t ies with a low number 
of inhabi tants  ( l0 ,OOO) and lowest in t h e  residential  dis t r ic t  of a large town 
(400,000). One  of t h e  causes  may b e  a t t r i bu ted  to t h e  d i f f e rence  in living 
s tandard of people inhabiting small  and large towns in Poland. T h e  flats in 
large towns a r e  hea ted  cen t r a l ly  through installations connected with t h e  
municipal boiler-houses, while natural  gas  is  used mainly for cooking purposes. 
On t h e  o t h e r  hand, in small  towns g r e a t  amounts  of coal  a r e  burned in e v e r y  
household. Coal  in Poland contains,  besides o the r  impurit ies,  considerable 
quant i t ies  of fluorine compounds which e scape  into t h e  atmosphere.  More 
e x a c t  i n t e rp re t a t ion  of resul ts  is  also hindered by t h e  f a c t  t h a t  all  school 
children a r e  required once  a year,  for t h e  purpose of fluoride prophylaxis, 
to brush the i r  t e e t h  5 t imes  with Elmex-gel preparat ion at  intervals  of 10 
days. 

i t  should also b e  emphasized t h a t  f luorine metabolism in nails of humans, 
in age  groups o t h e r  than those studied, may t ake  a different  course (4,5).  
In our opinion, t h e  numerical  s t r eng th  of groups consisting of about 50 
children, is r a the r  low for  drawing more  precise  conclusions on changes in- 
volving t h e  level of fluoride in nails. 

Conclusion 

Nonetheless, on t h e  basis of performed s tudies  i t  may b e  concluded t h a t  
environmental  changes do influence t h e  level of fluoride in children's nails. 
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DETERMINATION OF TISSUE FLUORIDE IN RATS 
FOLLOWING ADMINISTRATION OF AN ORGANIC COMPOUND 

(DIFLUNISAL) 

by 

Misako Tomita, Takako Sugimura, Mie Takokoro and Yoshihiro Kaneko* 
Tokoyo, Japan 

SUMMARY: The purpose of this study: t o  find a suitable 
method for determination of total  and ionic fluoride (F) 
in rats exposed to an organic F compound. 

Male ra t s  were given an organofluorine compound Difluni- 
sal by gastric intubation. Fluoride was determined by the  
fluoride ion electrode method and gas chromatography follow- 
ing pretreatment  with low temperature  ashing, pyrohydrolysis 
and microdiffusion for plasma and soft tissues, and direct 
extract ion and microdiffusion for hard tissues. Pyrohydrolysis 
was found useful for determination of total F in biological 
samples containing organofluorine compounds, whereas m i c r e  
diffusion using a strong acid was unsatisfactory. Doses of 
t h e  water-insoluble Diflunisal had little e f fec t  on t h e  ionic 
F level in e i ther  soft or hard tissues of the rat. 

KEY WORDS: Animal experiment; Fluoride analysis; Hard and soft tissues; 
Organofluorine compound 

Introduction 

For determination of fluoride in a biological sample, it  has become in- 
creasingly important in recent years to include not only t h e  ionic fluoride 
but also the  total  fluoride level. However, determination of total F content 
in  a biological sample is more difficult and less reliable than that  of ionic 
F (1). Reports on the  f a t e  of fluoride in biological systems exposed to organ* 
fluorine compounds a r e  limited. This study was initiated in an at tempt  t o  
find a suitable method for determination of total and ionic F in animal tissue 
in an animal exposed to an organofluorine compound (Diflunisal). 

Materials and Methods 

Animal Experiment: Nineteen 8-week-old male Wistar ra ts  randomly divided 
into four groups: the  control (n = 5), F1 (n = 51, F2-a (n = 41, and F2-b (n 
= 5) received fluoride (as Diflunisal) at a dose of 0, 0.5, and 1.52 mg per 
kg body weight per day, res?ectively (Table 1). Diflunisal is one of the  organo- 
fluorine compounds sold as an anti-inflammatory and analgesic drug under 
the trade name of Dolobid (2). Treatment  solutions were made by suspending 
pulverized Difunisal in a 0.5% carboxymethyl cellulose (sodium salt) solution. 
The suspension was administered by gastric intubation and the  experiments 
were carried out for 14 days. All ra t s  except those in F2-b group were sacri- 
ficed 24 hours following the  last Difunisal administration; those in F2-b group 

Department of Hygiene and Oral Health, School of Dentistry, Showa 
University, 1-5-8, Hatanodai, Shinagawa-Ku, Tokyo 142, Japan. 
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were sacrificed three hours a f te r  the  final dosage (Table I ) .  The organs and 
tissues were removed for analysis. 

Table 1 

Animal Weight and Dose Level 

Animal weight (9) Dose (DF gastric intubation) 
D F  F 
Daily Daily Total 

(mg/kg/day)(mg/kg/day) (mg/ times) 

Pretest Gain -- 
Group ,+SO +SO 

~ 

Cont 5 340 19 71 11 - 
Fl 5 336 20 70 17 3.3 0.5 15.7113 

F2-@ 4 343 9 63 12 10 1.52 47-5/13 

F2-@ 5 336 15 41  7 10 1.52 49.1114 

OF : Diflunirsl m.p. 200-214T 

Fluoride Analysis: The procedures employed for fluoride analysis by low 
temperature plasma ashing (LTA), the fluoride ion selective electrode (IE) 
method, the microdiffusion (Dif) method, and gas chromatography (GC), have 
been reported previously (3,4). In this study, three methods for analysis of 
F in plasma and soft tissues were employed The I€ method was used for 
ionic F; a pyrohydrolytic pretreatment (PyH) (4) and LTA method were used 
for total F analysis. For analysis of ionic F i n  soft tissues alone, the Dif 
method was also used for comparison. The PyH method consisted of prehydro- 
lytic F separation in a quartz tube a t  a high temperature (94" C) with a 
supply of oxygen and steam. Fluoride in the  sample was separated as  HF 
condensed with water vapor. The sample was placed on a sample boat and 
preheated for 1 rnin, followed by heating in a mainheater for 7 min. A 12 
m L  condensate, collected in a polypropylene tube, was then analyzed for 
F by GC. 

For hard tissues, only ionic F was determined. For this purpose, the tissues 
were first dried and ground t o  a fine powder. The powdered sample was then 
subjected t o  direct extraction (DE) and t h e  Dif method. In the  DE method, 
a portion of the sample was dissolved in 25% HCI. After  standing for 2 hr, 
the acidic extract  was diluted ten times with distilled water. The resultant 
solution and the  sample prepared by t h e  Dif method were analyzed for F 
by GC. 

Results and Discussion 

Figure 1 shows the  mean values of F in ra t  plasma samples determined 
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* Figure 1 

F Level (Ionic and Total) in Plasma 

Figure 2 

Correlation of F in Plasma Determined 
by LTA and PyH 
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by the three methods. Total F levels of the high dose groups were significantly 
higher than those of the controls; only the F2-b group showed a significant 
difference in  ionic F from the control group. Fluoride concentrations in the 
plasma determined by both LTA and PyH methods were compared with each 
other  the results of which a re  shown in Figure 2. The values obtained from 
both methods were closely correlated with each other, although the LTA 
method generally gave higher values than the PyH method. 
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Figure 3 
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methods a r e  shown in Figure 3. Tissue 
ionic F concentrat ions between t h e  
control  and F - t r ea t ed  groups did 
not differ  significantly. Axerage total 
F in the  tissues, however,  from high 
F dose groups were  marked])  higher 
than those of t h e  control .  The rela-  
tionship between t h e  to t a l  F levels 

r=0.91 in t h e  liver determined by L T 4  method 
and those by t h e  PyH method is 
shown in Figure 4. Correlat ion between 

/ ,4'. 

of 
Ai 

The to t a l  F level in t h e  brain was about one-tenth of t h a t  in other  t issues 
t h e  high F dose groups (Figure 3). Concerning F distribution in t issue,  

.mstrong and Singer (6), and Whitford ct. (7) reported in the i r  radiofluoride 
s tudies  t h a t  most of t h e  soft t issues w e r e  kinetically homogeneous u i t h  plasma 
fluoride; this however was not t rue  for  brain. Furthermore,  they supported 
the  concept  of the  ex i s t ence  of blood-brain barrier,  r e s t r i c t ing  F movement. 
In this  study, we used an  organofluorine compound which d i f f e r s  f rom ionic 
F compounds with regard to F distribution and metabolism. Severtheless ,  
our results support  t h e  concept  of t h e  blood-brain barrier. 

The ave rage  ionic F levels in t h e  incisor and femur,  determined by t h e  
two  methods, a r e  shown in Figure 5. The  ionic F levels in hard t issue of 
F-treated groups were  about t h e  s a m e  as those of controls  which suggests  
t h a t  administration of Diflunisal, which is extremely insoluble in water,  had 
l i t t l e  e f f e c t  on the  ionic F level of soft or hard tissues of t h e  rat .  However,  

Figure 5 
tonic F Level in Hard Tissues 
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Figure 6 
Correlation of F i n  Incisor Determined 

300 

by DE and Diffusion 

in  our previous studies with a water- f zS0  
soluble organofluorine compound, we 
observed an increase i n  ionic F level 
in the plasma (8). The F concentration 
in the tooth determined by the two 3 
methods was similar (Figure 6) which 
suggests that ,  because i t  is simple 
and less time-comsuming, t h e  DE 
method may be preferable t o  other ,oo 
methods for determination of fluoride 
i n  hard tissues. 

Conclusion 

I. The PyH method was useful for determination of total F in biological 
samples containing organofluorine compounds. The Dif method however 
was unsatisfactory, even though it involves use of a strong acid. 

2. The DE method was rapid and useful for determination of ionic F in 
hard tissue. 

3. Average total F levels i n  plasma and soft tissue of the high F dose groups 
were markedly higher than those of the control group. 

4. Administration of Difunisal had little effect on the  ionic F level of ei ther  
soft or hard tissues of the rat. 
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THE INFLUENCE OF BIOMASS INCREASE, RAIN AND WIND ON THE 
CONCENTRATION OF AIRBORNE FLUORIDES IN PERENNIAL RYE GRASS 

by 

Ludwig 0. deTemmerman* and H. Baeten 
Tervuren, Belgium 

SUMMARY: Perennial rye grass (Lolium perenne) grown In  
containers equipped with a semi-automatic watering system, 
was exposed t o  ambient fluorides for four weeks. The 
fluorides emit ted by the pollution source, a phosphate 
fertilizer plant, were mainly in gaseous form. 

Af te r  exposure the containers were transported to a 
low ambient-fluoride level area. In some containers the  evolu- 
tion of the fluoride concentration in the grass was controlled 
a t  several t ime intervals. An exponential decrease i n  the 
fluoride concentration as a function of the  time was found 

The ef fec t  of rain was studied by using a rain simulator 
and the impact of wind by using a fan. The results clearly 
show the major importance of the  studied climatic parameters 
in the  fluoride release process. 

Washing t h e  samples prior t o  analysis, indicated that 
this procedure always removes a part of the accumulated 
airborne fluorides, even af te r  exposure to  large amounts 
of artificial rain. 

KEY WORDS Airborne fluorides; Lolium perenne; Fluoride losses; Rain effect ;  
Wind effect. 

Introduction 

Grass is a well-known accumulator of airborne fluorides ( 1  1. Especially 
gaseous fluorides, such as HF, a r e  absorbed and accumulated by t h e  leaves 
to  a large extent. Af te r  exposure, t h e  fluoride concentration i n  grass, however, 
decreases rapidly as shown by Hitchcock %A. (2) and McCune (3). 

In this study, grass was grown in containers and exposed during four 
weeks in a polluted area. A part of the  grass was harvested immediately 
a f te r  exposure. The other  containers were transported t o  a low-level fluoride 
area, and harvested at three t ime intervals in order t o  determine the evolution 
of the fluoride content. Each time, the  biomass per unit surface as  well as  
the dry weight was determined for the detection of an eventual growth dilution 
effect. 

In a second series of experiments, t h e  grass was t reated with artificial 
rain and wind af te r  exposure in t h e  polluted area in order t o  determine the  
effect of c l imat ic  parameters  on the  fluoride losses of grass. 

* Institute for Chemical Reseach, Ministry of Agriculture, Museumlaan 5, 
B-1980 Tervuren, Belgium. 
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The polluted area is s i t ua t ed  at approximately 500 m f rom a phosphate 
fer t i l izer  plant. T h e  yearly ave rage  ambient  f luoride concen t r a t ions  ranged 
f rom 0.83 up t o  1.44 ug /m3  with daily ave rages  up  to more than  10 pg/m3. In 
t h e  low level area,  t he  ave rage  f luoride concen t r a t ions  in ambien t  a i r  are 
lower than 0.05 ug/m3. More than  90 pe rcen t  of t h e  fluorides present  in 
ambient  air  are in gaseous fo rm as measured with a denuder  sys t em (1). 

Mater ia ls  and Methods 

Perennial  r y e  grass, Lolium perenne c v  Melino RVP was grown in con- 
ta iners  under s tandardized conditions;  t h e  containers  used w e r e  48 x 30 c m  
and 20 c m  deep. A w a t e r  reservoir  was avai lable  underground and t h e  w a t e r  
supply was provided by two f i l t e r  candles  loca t ed  in t h e  soil s u b s t r a t e  (pea t  
soil) (4). 

Four rows of  four containers  w e r e  placed in a 4 x 4 la t in  squa re  con- 
figuration t o  b e  exposed to ambien t  fluorides. A se r i e s  of four  containers  
were  harvested before  t ransport ing t h e  o the r s  t o  t h e  low level  area. Once  
in this a r ea ,  t h e  remaining t h r e e  groups of four containers  w e r e  harvested 
at increasing t i m e  intervals. 

The  experiments  with ar t i f ic ia l  rain were  ca r r i ed  ou t  with a rain s imulator  
(5). Several  grass  containers  w e r e  exposed to rain (demineral ized wa te r )  for 
different  durat ions immediately after exposure t o  fluoride pollution. The  
d i ame te r  of t h e  rain droplets  was approximately 6 mm. ,Mist was  produced 
with a pest ic ide spraying device and  a f a n  with an  oscil lating head  was used 
to s imulate  wind effect. 

Fluoride .Analysis: The  grass  samples  were  weighed and dr ied to de te rmine  
biomass and dry weight per  container .  One  g ram of dr ied and ground grass  
was e x t r a c t e d  with 0.1 ni t r ic  acid and t h e  fluoride con ten t  was measured 
by using an ion specif ic  e l ec t rode  a f t e r  addition of a buffer  solution ( 6 ) .  
Al l  grass samples  were  divided in to  t w o  subsamples,  one  being subjected to 
a washing expe r imen t  with a mix tu re  of 0.05% NaEDTA and 0.05% de te rgen t  
(7).  

Resul ts  and Discussion 

Fluoride Losses Under Ambient  Conditions: F ive  experiments  were  ca r r i ed  
ou t  a t  different  periods of t h e  growing season. As shown in F igu re  1, t h e r e  
is a rapid dec rease  in t h e  fluoride concen t r a t ion  in grass after exposure. 
As the  dec rease  is exponential  as a funct ion of t ime ,  i t  c a n  b e  descr ibed 
by t h e  equation: 

bx y = a e .  

The  calculated functions as well as t h e  correlat ion coe f f i c i en t s  are given 
in Table  1 for unwashed as well as washed samples. 

The higher t h e  value of "b" in Table  1, t h e  quicker  t h e  f luoride concentra-  
tion decreases  in t h e  grass. The  coe f f i c i en t s  obtained in t h e  conduc ted  experi-  
men t s  ranged from 0.027 to 0.045. T h e  ave rage  is 0.035, which is closely 
r e l a t ed  to t h e  coeff ic ient  obtained b McCune (3) and by Hitchcock et al. (2) a f t e r  fumigation experiments:  e o - 0 3 L  
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Figure 1 

Decrease in the Fluoride Concentration in Grass Af te r  Exposure 
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Table 1 

Decrease of t h e  Fluoride Concentration in Grass 
After  Exposure to Ambient Fluorides 

Unwashed Samples Washed Samples 
y = ae r2 -bX rz y = ae Experiment -bX 

- 0 . 0 2 7 ~  o.50 0.56 y = 32e - 0 . 0 2 7 ~  J u l y  y = 56e 

August y = 174e -0.045~ o.80 

-0 .032~ o.56 September y = 239e -0'039x 0.85 y = 121e 

October 1 y = 87e -0-036x 0.70 y = 57e -0.021x o.45 

- 0 . 0 2 6 ~  o.79 October 2 y = 75e -0'036x 0.86 y = 5& 

x: number of days a f t e r  exposure 
y: concentration in grass a t  time x. 
r: correlation coefficient 

From Figure 1 it is clear  that  a part of the  fluoride present is removable 
by washing the  grass. The curve of washed grass is, however, less steep. 

Different facts can explain the  observed exponential decrease, such as  
re-emission of fluorides by grass, removal of fluorides by rain, and also growth 
dilution. 

Growth dilution is caused by an increase of biomass and, consequently, 
a decrease of the fluoride concentration because there  is not further accumula- 
tion of fluorides in the  low level area. Growth dilution can be determined 
by calculating the  fluoride mass per unit of soil surface. 

The evolution of the  concentration and the fluoride mass as a function 
of time is presented in Figure 2. The percentage of growth dilution as  a 
part of the total decrease of the  fluoride concentration in grass is calculated 
i n  Table 2 and ranges from 0 t o  79%, depending on the growth r a t e  of the 
grass and on cl imat ic  parameters. The average is 23% during the  growing 
season. The growth r a t e  in the summer months was rather  high during the 
exposure in the  polluted area, but slowed down drastically in the  low-level 
area. This caused a relatively low increase in biomass (as percent of total 
biomass) and consequently a low-growth dilution. 

The Effect of Rain and Wind on Fluoride Losses by Grass Cultures: Four 
experiments were carried out t o  determine the  effect  of rain on the fluoride 
losses of grass. The results a r e  summarized in Table 3 and presented in Figure 
3. Heavy rain can cause more than 50% fluoride loss in grass. This must 
be at t r ibuted t o  a washing effect because growth dilution does not play any 
role in such a short-time experiment. 

The second experiment shows an increasing fluoride loss as  a function 
of increasing amounts of rain. The remaining par t  of the fluoride in grass 
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Figure 2 

Fluoride Losses of Grass After Exposure 

w w  1 1 V j N I V t l  

r 

C / , , . , - I  __.- 
(P n 

W 

IT W I- 

U < 

Q Q Q  
P N  

U 
0 

n 
W c 
U. 

L? < 

- r  
0 

U. 
2 0  

IT 
W 
m 
5 

m 

Y 3 S V 3 t l J 3 0  I 3SV3M330 

Fluoride 



184 deTemmerman  and Baeten 

Table  2 
Est imat ion of Growth Dilution 

% 

D.W.* A C* AM* D.E. rel. D.E. Experiment  T.I. 

- - July 0 100 a O a  O a  
2 107 a -21 b -17 a 4 19 
6 106 a -26 b -21 a 5 20  

14 118 a -36 a -25 a 1 1  31 
- - August 0 100 a O a  O a  

3 101 a -28 b -29 a 
7 96 a -32 b -32 a 

Sep te  rn ber  0 100 a O a  O a  

- - 
- - 

21 122 b -64 c -36 a 28 44 

2 93 a -6 a -4 a 2 36 
6 150 b -39 b -8 a 31 7 9  

21 150 b -57 b -35 b 22 38 

2 1 1 1  a -24 a -17 a b  7 29  
0 113 a -52 b -46 bC 6 12 

27 107 a -60 b -56 c 4 6 

- - 

- - October  1 0 100 a O a  O a  

- - October  2 0 100 a O a  O a  - - 3 9 7  a -22 b -27 a b  
10 106 a -51 c -48 b 3 5 
30 151 b -68 d -52 b 16 2 3  

Data  followed by the  same cha rac t e r  are now significantly different  

T.I.: t i m e  interval,  number of  days  a f t e r  exposure; 
D.W.: Dry weight of grass per container ;  
AC: dec rease  of t h e  fluoride concentrat ion;  
AM: dec rease  of t h e  fluoride mass; 
D.E.: dilution effect A M-AC; 
rel. D.E.: dilution effect r e l a t ive  to t h e  total dec rease  of t h e  fluoride 
concentrat ion in grass. 

at  t h e  5% level according to Duncan’s Multiple Range Test. 

is  r a the r  cons t an t  and less dependent  on t h e  rain t r ea tmen t .  Abundant rain 
apparently r emoves  the  par t  of t h e  accumulated fluoride in grass  which can  
be  el iminated by washing. This indicates  t ha t  pa r t  of the fluoride accumu- 
l a t ed  is readily exchangeable and removable  on a short  term. Misting t h e  
plants  also removes a par t  of t h e  fluoride present  in and on t h e  grass  more  
o r  less equivalent t o  the  pe rcen tage  of fluoride removed by t h e  s a m e  amount  
of rain. 

There must  also be  an emission of fluorides by t h e  grass  as shown in 
t h e  third experiment .  By keeping s o m e  containers  in a greenhouse, the grass  
a l ready lost half of the  fluoride con ten t  potentially removable  by rain. Con- 
sequently,  a lesser percentage could b e  removed by ar t i f ic ia l  rain. 
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Figure 3 

The Influence of Rain and Mist on t h e  Fluoride Content of Grass 
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Table 3 

The Influence of Rain and Mi5t on the Release of Fluoride by Grass 
(pg F /g dry matter) 

Treat rnent Unwashed* Washed* 

Experiment 1 No Rain 
(Heavy Rain) 

Experiment 2 No Rain 

230 rnm r a i d 3  h, 30 min. 

20 rnm Ra id20  min. 

60 mm R a i d 1  hr. 

140 mm R a i d 3  hr. 

(Intervals) 

Experiment 3 
(Repeated) 

Experiment 4 
(Mist) 

No Rain 

30 mm Raid45 rnin. 

Af ter  2 Days (No Rain) 

27 rnm Ra id45 min. 

No Mist 

12 mrn/20 rnin. 

35 mm/60 min. 

238 a 

104 b 

46 a 

38 b 

32 b 

25 c 

85 a 

42 b 

62 c 

35 d 

108 a 

92 b 

82 b 

116 a 

95 b 

21 a 

22 a 

22 a 

17 b 

37 a 

31 b 

32 b 

31 b 

62 a 

51 a 

54 a 

* Data followed by the same character are not significantly dif ferent 
at  the 5% level according to  Duncan's Multiple Range Test. 

Release o f  fluorides to  the gas phase could be demonstrated by blowing 
over the grass with a fan. A significant amount of fluorides could be removed 
by blowing during 19 hours wi th a wind speed oscillating between 0 and 4 
m/s (Table 4). 

Conclusion 

The fluoride content o f  grass decreases as a function of t ime after ex- 
posure to  ambient fluorides. In periods with rapid grass growth, the ef fect  

Table 4 

(ug F-/g dry matter) 
The Influence of Wind on the Release of Fluorides by Grass 

Treatment Unwashed* Washed+ 

76 b 51 a 0-4 m/s/2 0s cycle 
during 19 hours 

Data followed by the same character are not significantly different 
at  the 5% level according to  Duncan's Multiple Range Test. 

Volume 22, No. 4 
October, 1989 



Influences on Concentration of Airborne F in Perennial Rye Grass 187 

of growth dilution can be very important, amounting t o  about 79% of t h e  
total decrease of the  fluoride concentration. The decrease is highest 
immediately a f te r  exposure and slows down af te r  some days. The process 
can be described as an exponential function. Rain and wind a r e  two major 
factors  influencing fluoride losses by grass. 

It can be concluded from t h e  experiments that  up t o  more than 50% 
of the  airborne fluorides accumulated by grass can be  removed by wind and 
rain. This is equivalent t o  t h e  amount of fluorides removed by washing t h e  
grass thoroughly. The results of the  washing experiments give an idea of 
t h e  readily removable par t  of t h e  accumulated fluoride. The remaining par t  
is more or less fixed in the  grass and is relatively constant over a period 
of some hours or even days. Each t reatment ,  however, decreases the  remaining 
part of t h e  fluorides in the  grass. 
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BIOAVAILAEMLITY IN SOIL FLUORIDE IN SHEEP 

by 

Guy Milhaud, Martine Clauw* and Brigitte Joseph-Enriquez 
Maisons-Alfort CCdex, France 

SUMIMARY Digestive absorption of soil fluoride was deter- 
mined by balance technique, during 4 days on groups of 
4 ewes which for 4 weeks had been given concentrated feed 
containing 30 percent earth. 

Seven soils of various origins were u s e d  4 were collected 
in the  vicinity of different aluminum plants, 3 in an area 
far distant from any source of fluoride. Total fluoride levels 
ranged between 490 and 1000 ppm/dry in t h e  soils collected 
near the  plants and between 235 and 1030 ppm/dry in t h e  
non-polluted soils. The levels of extractable  fluoride (water, 
CaCI2, amberlite) were significantly higher in the  polluted 
soils. 

Digestive absorption of soil fluoride ranges between 5 
and 25 percent, with 4 values close t o  20 percent. It is 
positively correlated (0.59) t o  soil total fluoride but indeperr 
dent  of soil extractable  fluoride. In some cases, t o  assess 
t h e  hazards of fluorosis in ruminants, it  is necessary to  
different ia te  between soil fluoride and vegetable fluoride. 

KEY WORDS: Bioavailability; Fluoride; Sheep; Soil. 

Introduction 

Fluoride is a major a i r  pollutant in industrial areas although control 
systems have been installed in many plants. Soils always contain considerable 
amounts of natural fluoride (200 t o  3,500 ppm) t o  which air-borne fluoride 
fallout is added. Even i f  the  amount of soil fluoride absorbed by plants is 
small, the  ration for ruminants always contains a certain amount of earth. 

Therefore, it  is necessary t o  determine the bioavailability of soil fluoride 
t o  assess accurately the hazards linked t o  the fluoride in the ration and t o  
withdraw over-polluted feed from consumption, i f  necessary. The da ta  obtained 
through t h e  determination of the digestive absorption of fluoride from various 
soils a re  presented in this study: soil fluoride bioavailability proves to be 
low but varies with the  nature of soils. 

Materials and Methods 

Digestive absorption of soil fluoride was determined by balance studies 
over a 4-day period in animals which had been fed a concentrated feed con- 
taining 30 percent ear th  for 4 weeks. 

Soil Selection: The experiment was carried out with 7 soils, different in origin 

* Laboratoire de Pharmacie e t  Toxicologie, Ecole Nationale VCtCrinaire 
* 

d’Alfort, 94704 Maisons-Alfort CCdex, France. 
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and nature, collected either in the vicinity of aluminum plants (Table I ,  soils 
1, 2, 3, 4) or far from any source of fluoride pollution (Table 1, soils 5, 
6, 7). A single 100 kg sample of each type of soil was collected, 30 c m  deep, 
which was incorporated into the  feed. 

Animals: Every balance study was carried out with four "Prealpes" 2- to  5- 
year-old ewes, which came from an INRA Experimental Station. The animals 
selected for the experiment presented no detectable  clinical disability. The 
experiment extended over a 3-year period, from 1985 to  1988. 

Animal Husbandry Before t h e  Balance Study: The animals were given concen- 
t ra ted feed, forage and water ad libitum. Two types of concentrated feeds 
were prepared: regular feed anK"-arth" feed. The two types of feed 
were prepared with barley, oats  and dehydrated alfalfa from the same lot. 
The regular feed contained 37.5, 25 and 37.5 percent of t h e  different 
ingredients, respectively. The "with-earth" feed was prepared by incorporating 
30 percent p/p of dried and pulverized ear th  in the previous feed. From t h e  
onset, each ewe received 1 kg concentrated feed per day; the "with-earth" 
feed was s tar ted four weeks before the  balance study. 

Carrying Out the Balance Study: The balance study was carried out from 
Monday morning (9 o'clock) to Friday morning (9 o'clock). At  9 o'clock the  
ewes were given 500 g of "with-earth" feed, 200 or 300 g of forage, 1.8 
g of water, then 500 g of "with-earth" feed in the  evening. Feed rejections 
were collected and measured the next morning, previous to  new feed intake. 
From Tuesday t o  Friday, every morning, feces were collected and weighed; 
urine was also collected and its volume was measured. 

The "with-earth" feed was given until euthanasia was performed a few 
days or a few weeks a f te r  the end of the  balance studies ( T 6 1 ~ :  Distrivet). 

Sample Collecting: An ear th  sample was collected before i ts  incorporation 
into the concentrated feed. The regular feed samples were collected on opening 
the bags for feeding. "With-earth" feed, forage and drinking water were 
sampled every day during the four-day experiment. After  weighing the total 
amount of feces collected, a sample corresponding t o  l / lOth of the  initial 
weight was collected every day so as to  obtain an average sample representa- 
tive of the four days of the study. 

Fluoride Determination: All fluoride determinations were carried out with 
a fluoride specific ion electrode (Cambridge, USA), a f te r  dilution in an ionic 
buffer containing CDTA (TISAB, Orion, Cambridge, Mass.). 

Total fluoride from the earth, the  feed and the  feces was determined 
in the liquid obtained by a technique in which the  simple distillation described 
by Willard and Winter was preceded by a distillation in phosphoric acid a t  
290 " C  (2). Each sample was analyzed three times t o  obtain an average value. 

In t h e  ear th ,  besides total  fluoride, t h e  fluoride extractable  by the 
methods described by Supharungsun and Wainwright (3) was determined (distilled 
water, 0.01M CaCI2 amberlite IRA-40). 

Calculation of Bioavailability of Soil Fluoride: The following equation was 

Fluoride 
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used to  calculate the bioavailability P (percentage of digestive absorption 
of soil fluoride) 

p = -  - x 100 
S 

where: 
S = amount of soil fluoride ingested (fluoride from the  "with-earth" con- 
centrated feed minus fluoride in the  regular concentrated feed). 

C = amount of soil fluoride in feces ( total  amount of feces fluoride minus 
fluoride from feed ingredients other  than soil, whose bioavailability was 
evaluated a t  75 percent). 

Statistical Tests: All results were submitted t o  various analysis, then compared 
by the Newman-Keuls technique. Correlations between cer ta in  parameters  
were investigated 

Results 

Soi l  Fluoride: 
soils collected 
polluted soils 

Total soil fluoride ranged between 490 and 1000 rnglkg in the  
in  polluted areas and between 235 and 1030 mglkg in the  non- 
(Table 1 ) .  The fluoride extractable  by H20 or 0.01M CaCI, 

is usually below lob, with particularly low concentrations in non-polluted soils 
(less than 0.25% of total fluoride). The fluoride extracted by amberlite is 
significantly higher. 

Table 1 

Nature of t h e  Soils and Fluoride Levels 

Ext fact  able F I uor ide 
Number Of Nature of Total Fluoride m glkgldry 

HzO CaCI, Amberlite the Soils* mglkgldry Balance 
Studtes 

1 Clayey, Fine 
Alluvium 

2 Alluvium 

3 Fine Al luvium 

4 Fine A l l u v i u m  

5 Fine A l l u v i u m  

6 Fine Alluvium 

7 Sandy Alluvium 

490 2.45 
(0.50%) 

(0.27%) 

(1.59%) 

(0.82%) 

(0.06%) 

(0.07%) 

(0.25%) 

535 1.45 

1 000 15.90 

730 6.00 

710 0.40 

1030 0.70 

235 0.60 

1.20 12.80 
(0.24%) (2.60%) 

0.80 21.50 
(0.15%) (4.01%) 

10.65 50.10 
1 .OO%) 5.01 %) 

4.05 21.05 
(0.55%) (2.88%) 

0.35 3.50 
(0.05%) (0.50%) 

0.25 1.95 
(0.03%) (0.20%) 

0.15 6.75 
(0.06%) (2.87%) 

( ) Percentage w i t h  respect t o  total fluoride. 
According t o  t h e  textural triangle suggested by D. Hillel (1). 
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Table 2 

Fluoride Concentrations in Feed and Drinking Water 
~ ~~ 

Balance Regular Feed Feed "Wi th  Earth" Forage Water 
Study mg/hg/dry m g/ k g/dr y mglkgldry mg/L 

1 5.5 

2 2.1 

3 9.5 

4 5.0 

5 8.5 

6 28.2 

7 ND 

~~ 

137.5 2.5 

216.5 8.0 

312.5 1.5 

244.5 1 .o 
236.5 13.0 

321.5 1 .o 
70.0 2.0 

~ ~~ 

0.20 

0.25 

0.20 

0.30 

0.15 

0.25 

0.25 

ND: No Determination 

Ingested Fluoride: Table 2 shows the  mean values of all analyses carried out  
on each type of feed used in the  course of each experiment. The amounts 
of fluoride ingested by each animal during t h e  4-day experiment were calcu- 
lated by multiplying these values by the  amounts of the  different feeds in- 
gested by each ewe. 

Excreted Fluoride and Soil Fluoride Bioavailability: The fluoride excreted 
in the  feces (data in Table 3) indicate the  amounts of feces collected for 
each ewe during the four days of t h e  experiment and their fluoride concentra- 
tion. Soil fluoride bioavailability (P) range from 3.4% (Earth 7) t o  22.9% (Earth 
3) (Table 3, Figure 1). 

Figure 1 

Soil Fluoride Bioavailability 
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SOIL NUMBER 
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Table 3 

Fluoride Excretion in Feces and Soil Bioavailability (P)  

221 1 
605 

1471 
84781 

2460 
3809 
381 5 
335 1 

2303 
2315 
2467 
2848 

5307 
5743 
5804 
5810 

4023 
4086 
4327 
4347 

4096 
4480 
5319 
5481 

6317 
6343 
6557 
6485 

1 

2 

3 

4 

5 

6 

7 

3 
3 
2 
5 

3.5 
3 
3 
3 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

3 
3 

3.5 
2 

2 
2 

1.5 
1.5 

2.145 
1.550 
2.240 
1.720 

2.690 
1.945 
2.355 
1.390 

1.800 
2.175 
2.055 
2.230 

2.145 
2.020 
2.300 
2.180 

2.250 
2.4 15 
2.280 
2.420 

2.380 
2.365 
2.370 
2.200 

2.535 
2.030 
2.365 
2.3 10 

202.0 
233.5 
194.0 
200.0 

258.5 
283.5 
270.0 
299.0 

439.5 
435.5 
425.5 
489.0 

353.5 
368.0 
356.5 
376.5 

345.5 
307.0 
364.0 
323.0 

371.5 
427.0 
426.5 
499.0 

101.5 
106.0 
110.0 
105.0 

6.7% 
-6.9% 
8.8% 
9.3% 

21.0% 
23.2% 
29.1 % 
11.5% 

19.6% 
25.6% 
26.5% 
19.8% 

2 1.7% 
23.3% 
15.3% 
15.3% 

2.0% 
20.7% 
11.1% 
16.3% 

26.3% 
18.0% 
17.9% 
10.7% 

1.1%* 
6.1 %* 

-0.2%* 
6.7%* 

x = 4.5% 
0 = 7.7% 

x = 21.2% 
a = 7.3% 

x = 22.9% 
u = 3.7% 

x = 18.9% 
0 = 4.2% 

x = 12.5% 
a = 8.0% 

x = 18.2% 
0 = 6.4% 

x = 3.4%* 
0 = 3.5%+ 

* Values calculated on t h e  assumption that regular feed contained 10 
ppm Fldry. 

Discussion 

The percentages which are presented (Table 3) must be strictly considered 
as apparent coefficients of absorption ... Yet, as fluoride is not subject to any 
important digestive re-elimination (Wohlbier et  al. (4)), the value obtained 
is very close to the fraction really absorbed, referred to as digestive bioavail- 
ability. The assessment of mineral elements retention, through balance studies 
is, according to Duncan (5), always superior to the real retentions measured 
by corporal analysis. In our experiment, the error in the determination of 
ingested and excreted fluoride can be estimated a t  *S percent, which can 
result in an error of *SO percent for a digestive absorption close to 20 
percent. 
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Statistical analysis shows that  two groups of soils can be distinguished 
(p < 0.05): four soils with a percentage of absorption near 20 percent (soils 
2, 3, 4, 6); two soils near 5 percent (soils 1, 7). 

Cross-checking of a certain number of elements reveals the  consistencey 
of the results. In Experiment 3 (St-Jean-de-Maurienne) and 6 (Le Collet), 
the  amount of ingested fluoride (95 to 97 percent as ear th)  ranges from 5 
to 6 rng/kg/day. Blood fluoride levels a r e  low - about 0.25 ppm - whereas 
t h e y  reach 0.5 ppm (Milhaud et al. (6)) when 3.5 mg F/kg/day, a s  sodium 
fluoride, is administered. A 20 percent bioavailability is likely. 

There is a very significant link (p < 0.01) between the  total fluoride 
concentration of intake and bioavailability of soil fluoride. The analysis of 
the  other parameters does not permit correlations between t h e  values of 
P and the soil pH, its clay content, i t s  water, calcium chloride or amberlite- 
extractable fluoride. 

The nature of the soil is thus proved t o  influence digestive bioavailability 
as shown i n  the very close results obtained with two soils of similar geological 
nature (schist and red limestone), which a r e  macroscopically alike and have 
very close total fluoride content and in which the  amounts of extractable  
fluoride a re  different (soils 3 and 6). 

Our results a re  lower than those obtained by balance studies i n  o ther  
species: Wohlbier g fi. (4) investigated t h e  fluoride bioavailability of a sandy 
silt containing 718 ppm total fluoride - 2.3% of which was fluoride soluble 
in water a t  20" - collected i n  the  vicinity of an aluminum plant, in th ree  
ca t t le  over a period of 316 days: the  percentage of absorbed fluoride ranged 
from 30 to 41 percent, with an average value of 38 percent. 

Clay and Suttie (7) studied the  apparent fluoride bioavailability of various 
phosphates and of NaF in the goat: the  figures a r e  also markedly higher than 
our own, with 7540 for NaF, 65% for natural phosphate, 33% for defluorided 
phosphate, 38% for dicalcic phosphate. 

Measurement of bone retention is another experimental approach which 
can be exploited to  assess the bioavailability of ingested fluoride; it was 
carried out in  ca t t le  (Oelschlager e t  al. (8)), in sheep (Clay and Suttie (7)), 
and its results agree with balance studies. 

The bioavailability of feed fluoride can also be  assessed by measuring 
the area under the curve of variations of blood fluoride levels in relation 
to  t ime af te r  a single administration. By this technique, conducted on 7 ewes 
Joseph-Enriquez (9) obtained a fluoride bioavailability of 60.8% with sodium 
fluoride and of 5.9% with Soil 1. 

I t  is clear that, t o  assess the  hazards of fluorosis, one must distinguish 
fluoride from the soil, where bioavailability is low (25 percent maximum in 
sheep) and fluoride from forage, whose bioavailability is comparable t o  sodium 
fluoride, i.e. 75% (Shupe 5 fi. (10)). 

According t o  Zach and Mayoh ( l l ) ,  grazing cattle and sheep c a n  consume 
up to  14 percent of dry matter  ingested as earth, particularly in poor quality 
pasture. 
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It should also be noted that  leaf and beetroot neck ensilage usually con- 
tains from 10 t o  25 percent earth. Yet, dairy cows which a r e  given concen- 
t ra ted  feed, consume less than 1 percent/MS earth. 
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FLUORIDE AND ASH CONTENT OF BONE 
IN VARIOUS =AGES OF HUMAN FLUOROSIS 

by 

J. Franke* 
Erfur t .  GDR 

SUMMARY: A special  method was  repor ted  ea r l i e r  t o  conf i rm 
the diagnosis "fluorosis" in doubtful cases in ea r ly  s tages ,  
or in sporadically occur ing  fluorosis: During iliac c r e s t  biopsy 
a second bone cylinder is removed, t h e  ash con ten t  as well 
as  t h e  fluorine con ten t  in this cylinder is de te rmined .  From 
1969 t o  1986 44 cases in various s t ages  of industrial  o r  
neighborhood-fluorosis were  studied. In 8 normal  cases t h e  
ash con ten t  was  42.6 e8.5 percent ,  t h e  F-content  in dry 
bone was  0.42 20.09 percent  fluoride in i l iac c r e s t  ash. With 
increasing F-content  ash con ten t  increased significantly.  
In  radiological s t ages  I1 and 111, accord ing  to Roholm, t h e  
ash con ten t  w i s  more  than  57 percent .  

In a case of s t a g e  I I  fluorosis, t h e  fluoride c o n t e n t  in 
the  bone ash was  0.78 percent .  Accord ing  t o  a second  i l iac  
c re s t  biopsy, 13 years  a f t e r  removal from t h e  fluoride-exposed 
a reas  of employment ,  f luoride con ten t  had dimminished t o  
0.45 percent.  

KEY WORDS: Bone ash conten t ;  Bone biopsy; Bone fluoride con ten t ;  Human 
fluoride. 

Introduction 

In  1972 ( 1 )  we developed a special  method of conf i rming  t h e  diagnosis 
of "fluorosis" in doubtful cases ,  in ear ly  s t ages  o r  in sporadicallq occurr ing  
fluoroses of var )  ing origin. Two bone cylinders were  removed b) i l iac c r e s t  
biops! for histological investigation and fluoride analyses. A t  t h a t  t i m e  only 
10 pa t ien ts  had been studied by th i s  method. Now t h e  ser ies  includes 44 human 
fluorosis cases. 

Mater ia l  and Methods 

Between 1969 and 1986 40 cases of industrial  f luorosis and  4 cases  of 
neighborhood fluorosis of various s t ages  w e r e  studied. Eight individuals of 
t h e  same  age  without fluoride exposure served  as cont ro ls  (Table  1). T h e  
industrial fluorosis cases Were due  t o  F-exposure from a i r  f luoride concent ra -  
tions i n  t h e  plant of more  than  3 mg F/m3 in t h e  fifties and  ea r l% sixties,  
subsequentti  2-3 mg F/m3, and most recent ly  were  slightly above  I mg F/m3. 

The a l e r a g e  exposure t i m e  ranged be tween  15.7 and 18.7 ) ea r s ,  with 
a minimum of 6 and maximum of 30  years.  

hforeover,  2 pa t ien ts  without roentgenologic findings and  4 cases of 

* Depar tmen t  of Or thopedic  Surgery,  Medical Academy Er fu r t ,  DDR-5010 
Erfurt .  GDR. 
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I96 Franke 

Table 1 

X-ray Findings, Average Age, and Duration of F--Exposure 
of 44 Cases of Fluorosis and 8 Normal Individuals 

Duration of 
X-ray Stages Age (years) F-Exposure (years) 

~ ~ 

Normal 8 53.5 i9.8 - 
Subtle  Signs 7 43.3 i11.8 15.7 i5.9 

0-1 8 49.0 i12.9 16.3 i5.9 

I 10 50.3 i9.5 16.9 k2.5 

I I  9 53.9 i10.8 18.7 t6.5 

I l l  4 51.3 t8.1 18.3 i4.1 
1381 

Fluoride Con tac t  2 46.5 22.5 15 
Old Fluoroses 4 59.8 t5.4 9.0 i4.3- 

(without  F ) 
[441 

fluorosis of long standing (Stage 11, 11-Ill, two t imes subt le  signs) were  
examined. 

The conditions of 4 cases  of neighborhood fluorosis f rom a small  Saxon 
town nea r  an  HF-factory were described by Schmidt and Franke (2) and 
Schmidt (3) .  

Radiological findings were graded according t o  Roholm (4)  in S tages  I 
t o  111; t o  F r i t z  ( 5 )  who added two  prestages:  subt le  signs and s t age  0-1. Two 
bone cylinders were removed by iliac c re s t  biopsy the  first  served for histc- 
logical examinations,  the findings of this were reported ear l ier  (1,6-9). 

The second bone cylinder was dried a t  a t empera tu re  of 105" C with 
the  addition of magnesium a c e t a t e  t o  bind volati le F ions up t o  weight con- 
s tancy (d ry  weight) and ashed for 2 hours a t  450" C until t h e  ash was white 
and porous (ash weight). Fluoride was determined according t o  a modified 
Megregian (10) method (determinat ion of fluorine by vapor disti l lat ion with 
perchloric acid and formation of a complex of circoneriochromecyanine, with 
subsequent spectrophotometry) ,  2-3 analyses were performed per  sample. The 
fluorine c o n t e n t  could be related t o  t h e  individual s tages  of fluorosis. 

Results 

h o r m a l  F-values were 0.042 percent  in dry bone or 0.09 percent  in  bone 
ash. With increasing radiological changes bone F content  increased. The first  
dist inct  histological and radiological changes (subtle signs) were  observed in 
bone ash which contained approximately 0.42 percent  (4,200 ppm) fluoride 
(Table 2).  

In t h e  most severe cases  (Stage 111) F-values were around 1.0 percent  
in bone ash. Figure I shows t h e  ash content  of dried bone i n  relation t o  
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Table 2 

Correlation of Radiological Findings of Fluorosis to t h e  
Fluoride Content of Dry and Ashed Iliac Crest Bone. 

F-Content F-Content 

(%I (96) 
X-ray Stages n in dry bone in bone ash 

Normal 8 0.042 i0.015 0.09 i0.02 

Subtle Signs 7 0.20 i0.03 0.42 +0.09 

0-1 8 0.27 iO.08 0.61 i0.13 
I 10 0.33 iO.09 0.68 i0.08 
II 9 0.44 i0.05 0.77 i0.05 
III 4 0.57 iO.11 0.99 io.11 

Figure 1 

Relations Between the  Ash Content of t h e  Dry Bone and the X-ray Stages, 
Respectively the  Fluoride Content of Bone Ash. 

I 

90 X f  p~ 001 t o t h e  cont ro ls  

L 
W 
n 
v - 
c 
W 

60- 

5 4  
104 

20 ,O; :j/ 
n =7 

( t - t e s t  1 

* *  - f *  1 
n =9 

1 
n=l 

III rod lological 
stages 

normal subtle 0-1 I II: 
siqns 

the  F-content and roentgenological stage. As F-content and roentgenological 
changes increases ash content increased up to  35 percent, significantly i n  
stages 11 and 111. 

The ash content of all 42 fluorosis cases was 50.18 percent, about 18 
percent above that of control bones (42.8 percent) (p 0.05). As seen in 
Figure 2 the  two measured values were directly correlated. The dependence 
was secured statistically by the coefficient of correlation ( R  = 0.4597, there- 
fore: R > 0 with p < 0.01) ( 1 1 ) .  
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Figure 2 
Relations Between The Ash Content and Fluoride Content in the Ash of Iliac 
Crest Bone. 

L 

2! 30; * 
C 
0 
u 201 

f l u o r o s i s  cases 

x old f l uo ros i s  cases 

I , , , l , I l l ~ ' ~  

010 020 0.30 aio 050 ~ b o  070 om 090 1 0  1.1 1.2 % Fin bone ash ( X )  

Figures 3 and 4 show that F-exposure time and F-content in bone ash 
are only slightly correlated. The same applies to ash content of iliac crest 
bones. 

In as case of State I1 fluorosis (Figures 5 and 6), the fluoride content 
i n  bone ash was 0.78 percent. 13 years after removal from the fluoride- 

Figure 3 

Correlation Between F-Content in the Bone Ash and Duration of F-Exposure. 
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Our bone mineral analyses of distal radius by means of ' 2 5 J - p h o t ~ n - a b ~ ~ r p -  
tiometry according to  Cameron and Sorensen (24) also showed increased 
mineral content and bone width depending on the fluoride concentration a t  
the  work place (8). 

F-content and ash content was not related t o  exposure time. Average 
exposure t ime between beginning roentgenological changes and s tage  111 was 
only 3 years. Since the fluoride concentration at the place of employment 
and working conditions were similar for most of the  workers, strong individual 
differences pointed out again and again i n  our other  studies, a r e  of pivotal 
i mportant (6-9,25). 

Obviously a group of highly flouride sensitive individuals, a r e  found in 
t h e  Roholm's stages I1 and 111. 

Also Bang A. (23) found no correlation between F-content and exposure 
t ime in the  Swiss fluorosis cases. 

The fluoride content in iliac crest  ash a t  a s tage 11 fluorosis decreased 
by only one half during the 13 years following termination of F-influence. 
According to  Bang 5 g. (23) the  half-life period is 20 years. Since the  ent i re  
skeleton is rebuilt in a period of 25 years, this phenomenon can be explained 
by the fact that  the fluoride released by bone resorption is partly incorporated 
into new osteones again and again. 

1. 

2. 

3. 

4. 
5. 

6. 
7. 

a. 

9. 
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THREE-YEAR CARIES INCREMENTS AFTER FLUORIDE RINSES OR 
TROPICAL APPLICATIONS WITH A FLUORIDE VARNISH 

by 

C. Bruun, J. Billie, K.T. Hansen, J.  Kann, V. Qvist, A. Thylstrup 
Copenhagen, Denmark 

(Abstracted from Community Dent. Oral Epidemiol., 13:299-303, 1985) 

A 3-yr, double-blind, clinical trial of two caries preventive fluoride 
programs was completed by 251 9-12-yr-old children. Caries increments and 
progression patterns were compared in two groups of children who rinsed 
every fortnight with a 0.2% NaF solution or received biannual topical applica- 
tion with a fluoride varnish (Fluor-Protector). Clinically recorded mean DFS 
increments were 3.3 20.2 (SE) in the  rinse group and 3.5 t0.2 in the  varnish 
group. In both groups nearly half of these increments were recorded in the 
occlusal surfaces of second molars. 

The mean incremental DFS recorded radiographically on approximal 
surfaces of posterior teeth were 1.1 20.2 and 1.5 t0.2 in the rinse and varnish 
group, respectively. None of the inter-group differences were statistically 
significant (p  0.05). Detailed analyses of the radiographic scores revealed 
a similar and extremely slow caries progression in the two study groups. They 
strengthened the conclusion of equal clinical efficacy of t h e  two treatments. 
None of the fluoride programs had changed the preestablished patterns of 
caries development among the  children. 

KEY WORDS Dental caries, increments; Fluoride rinses; Fluoride varnish. 

REPRINTS: Carsten Bruun, Department of Cariology and Endodontics, Royal 
Dental College, 160 Jagtvej, DK-2 100 Copenhagen 0, Denmark. 
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FLUORIDE EFFECTS ON THE ACTIVITY OF RHUS LACCASE AND 
THE CATALYTIC MECHANISM UNDER STEADY-STATE CONDITIONS 

by 

Gerald 6. Koudelka and LMurray J. Ettinger* 
Buffalo, New York, USA 

(Abstract from J. of Biological Chemistry, 263:3698-3705, 1988) 

The copper-bearing enzyme Rhus Laccase uses three types of Cu(I1) sites 
t o  ca ta lyze  the  reduction of O2 to  H20. Fluoride binds t o  the  type 2 site. 
The e f fec ts  of F- on the kinetics of O2 reduction were examined t o  determine 
the catalyt ic  roles of the copper sites. Under steady-state conditions, F- 
rapidly inhibits the oxidation of dimethylphenylenediamine. Both reductant- 
dependent and -independent s teps  a r e  inhibited. Rapid-freeze ESR spectra  
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under s teady-state  conditions showed t h a t  F- decreased t h e  s t eady- s t a t e  con- 
centrat ions of oxidized type 1 copper  and oxidized type  2 copper  while in- 
creasing the concentrat ion of an  oxygen radical intermediate .  Stopped-flow 
kinet ic  experiments  were  used t o  de t e rmjne  t h e  ca t a ly t i c  s t ep ( s )  a f f e c t e d  
by F-. The most significant e f f e c t  of F was on t h e  reductant-dependent  
r a t e  of reduction of the  type 3 sire. While a s t r ic ly  first-order dependence 
was observed in  t he  -absence of F , a hyperbolic dependence was d e t e c t e d  
in the  presence of F indicating a l imiting reductant-independent step.  T h e  
s teady-state  kinet ic  rapid-freeze ESR and stopped-flow kinet ic  d a t a  a r e  consis- 
t en t  with the  implicated s t e p  being t h e  reduction of t h e  oxygen radical in 
an in t e rmed ia t e  containing reduced type  1 and reduced type  2 copper.  The 
results suggest a role for t he  type  2 Cu(l1) s i t e  in binding t h e  oxygen radical  
and catalyzing i t s  reduction t o  H20. - Authors’ Abs t r ac t  

KEY WORDS: Copper;  Fluoride; Rhus Laccase.  

REPRINTS: Department  of Biochemistry, S t a t e  University of New York 
a t  Buffalo, Buffalo, New York 14214, USA. 
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FLUORIDE AND FLUORIDATION 

by 

Geoffrey E. Smith 
Melbourne, Victoria, Australia 

(Abstracted from Soc k i .  Me&, 26:451-462, 1988) 

The prevalence of dental  ca r i e s  is  declining both in communi t i e s  where 
wa te r  is f luoridated and where i t  is not. The  author  believes t h a t  this  dec rease  
may be  related t o  an  increase in t h e  use of fluoridated wa te r  and  tablets ,  
topical application and fluoride-containing toothpaste  as well as mouth rinses 
now being used in many places to control  dental  caries;  l ikewise t o  a n  increase 
of fluoride in the food chain, t h e  unintentional ingestion of fluoride-containing 
dental  health products, and increasing contaminat ion of t h e  t o t a l  environment  
with fluoride emissions and solid wastes  f rom many industries. 

In man, excessive intakes of fluoride over  many yea r s  m a y  lead to a 
well-defined disorder - skeletal  fluorosis. In addition, a number of r ecen t  
s tudies  have suggested tha t  fluoride may b e  genotoxic. 

KEY WORDS: Environmental  fluoride; Fluoridation; Fluoride ingestion; Fluoride 
products. 

56 Surrey Rd., South Yarra,  Melbourne 3141, Victoria,  Australia.  REPRINTS: 

+++*++++++ 
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SKELETAL FLUOROSIS IN HUMANS 
A REVIEW O F  RECENT PROGRESS 

IN THE UNDERSTANDING OF THE DISEASE 

by 

K.A.V.R. Krishnamachari  
Hyderabad, India 

(Abstracted from Pro& Food Nutr. Sci. 10:279-314, 1986) 

Endemic skeletal  fluorosis is  a chronic  metabol ic  bone and joint disease 
caused by ingesting a cumulat ive toxin which c a n  a l t e r  accret ion and resorption 
of bone tissue, and a f f e c t  t h e  homeostasis of bone and mineral  metabolism. 
The  to t a l  quant i ty  of ingested fluoride determines t h e  clinical  cour se  of t h e  
disease which is cha rac t e r i zed  by immobilization of joints of t h e  axial  skeleton 
and of t h e  major joints of the  extremit ies .  A combination of osteosclerosis,  
osteomalacia  and osteoporosis of varying degrees, as well as exostosis, 
cha rac t e r i zes  t h e  bone lesions. Secondary hyperparathyroidism i s  observed 
with associated cha rac t e r i s t i c  bone changes. 

Increased metabolic turnover of bone, impaired bone collagen synthesis 
and increased avidity for calcium a r e  f ea tu res  in fluoride toxicity. Osteo- 
sclerosis is evident when small  doses of fluoride a r e  ingested ove r  a long 
period of t i m e  during which calcium in t ake  is apparent ly  normal; osteoporot ic  
forms a r e  common in t h e  pediatr ic  age  group associated with a higher body 
load of NaF. 

In fluorosis, hormones concerned with bone mineral  metabolism are altered.  
The  kidney is t he  primary organ for excret ion of fluoride. Age, sex,  calcium 
intake in t h e  diet ,  dose, durat ion of fluoride in t ake  and renal eff ic iency in 
handling fluoride influence the  outcome. Serum pa rame te r s  rarely help in  
t h e  diagnosis. Elevated urinary and bone fluoride indicate  fluoride toxicity 
but no e f f e c t i v e  therapeut ic  agent  is known. Bone density measurement  assist  
in ear ly  diagnosis. 

Industrial fluorosis is increasing on a global basis. 

KEY WORDS: Fluorosis review; Fluorosis, skeletal. 

REPRINTS: National Inst i tute  of Nutrition, Indian Council of iMedical 
Research, J ama i  Osmania P.O., Hyderabad 500 007, A.P., India. 
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THE EFFECT OF FLUORIDATED WATER ON DMF SCORES OF 
FIRST PERMANENT MOLARS IN MIXED DENTITIONS 

by 

Eeva Linkosalo 
Kuopio, Finland 

(Abstracted from J. of Dentistry for Children, 53:354-358, 1986) 

Registration of caries s ta tus  of all teeth in young people during eruption 
periods as  well as differences in diagnosis may result in differences in findings 
between studies. Likewise, distribution of caries and the  effectiveness of 
fluoride on cariogenicity varies depending upon the type of tooth. Although 
occlusal surfaces receive some protection from fluoridation i ts  effect on them 
is weakest. 

In two groups of Finnish children, born and residing in towns with or 
without fluoride added to  drinking water, the health s ta tus  of  first permanent 
molars was studied. At ages eleven and fifteen, in the fluoridated area, the  
groups with only one DhlF surface per tooth were still the  largest, 54.1 per- 
cent  and 53.3 percent, respectively. In the low-fluoride area, a t  age fifteen, 
three or more DMF surfaces were found in 55.4 percent of first permanent 
molars. Likewise a t  age fifteen, the number of intact first petmanent molars, 
even where water  contained fluoride was hardly that  reported without fluoride 
by King e t  al. Especially in the  low fluoride area, in this study, intact first 
permanent molars were few. Since topical prophylaxis with fluoride was 
negligible, the  most important protective effect  i n  children was that  due 
t o  F in drinking water. The results of this study show that  fluoride obtained 
from drinking water is not sufficient for an effective preventive regimen. 

KEY WORDS DMF scores; Fluoridation in Finland; Molar DMF data. 

REPRINTS Institute of Dentistry, University of Kuopio, Kuopio, Finland. 
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THE MUTAGENICITY OF SODIUM FLUORIDE TO L5178Y 
[ WILD-TYPE AND TK+/-(3.7.2~) ] MOUSE LYMPHOMA CELLS 

by 

Jane  Cole, Wendy J.  Muriel and Bryn A. Bridges 
Brighton, UK 

(Abstracted from Mutagenesiq 1:157-167, 1986.) 

L5178Y wild-type and TK+/-(3.7.2c) cells were t reated with sodium fluoride 
over a range of concentrations (10-500 ug/mL) and t reatment  times (4, 16 and 
48 h) covering 40-100% survival. The mutant frequency a t  five genetic loci 
(resistance t o  ouabain, 6-thioguanine, excess thymidine, methotrexate  and 
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I-d-D-arabinofuranosyl cytosine) was assayed in wild-type cells and trif luor- 
othymidine in TK+/- cells. No significant induced mutat ion a t  any locus was  
observed a f t e r  4 h of t r ea tmen t .  Sixteen hours of t r e a t m e n t  with high concen- 
t ra t ions of sodium fluoride did not  induce resis tance t o  ouabain, but  resul ted 
in some  significant induction of 6-thioguanine, I-8-Darabinofuranosyl cytosine 
and me tho t r exa te  resistance,  although t h e  results were  variable between ex- 
per iments  and no dose-response was observed. A t  t h e  thymidine kinase locus, 
a dose-related increase in mutan t  frequency t o  excess  thymidine and trifluoro- 
thymidine resis tance was observed. The  maximum induction was approximately 
eight  t imes  t h e  control  f requency a f t e r  TK+/- cells were  t r e a t e d  with t h e  
highly toxic  concentrat ion of 500 ug /mL of sodium fluoride for 16 h. These 
observations,  and an analysis of t h e  colony s i ze  of trifluorothymidine-resistant 
mutants  in TK+/- cells, suggest t h a t  sodium fluoride is clastogenic  t o  dividing 
cul tured mammalian cells at  high, toxic  concentrations.  Fu r the r  work is 
desirable t o  invest igate  t h e  mechanism by which chromosomes were  damaged  
a t  high concentrat ions of fluoride, s ince  without such a mechanis t ic  under- 
standing, extrapolat ion of our d a t a  to t h e  human s i tuat ion must b e  insecure. 

- modified Authors’ Abs t r ac t  

KEY WORDS: Chromosomes; Mutation; Sodium fluoride; United Kingdom. 

REPRINTS: MHC Cell ,blutation Unit, University of Sussex, Falmer,  Brighton, 
Sussex BN1 9NR. UK. 
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MARKED SKELETAL FLUOROSIS FROM DIMINISHED KIDNEY FUNCTION 

by 

Chr.W. Schmidt,  P. W k g a t s c h *  and E. Auermann 
Heidenau and Karl-blarx-Stadt, GDR 

(Abs t r ac t ed  from Z Urol. u. Nephrol., 78:173-176, 1985) 
[in German] 

Massive skeletal  fluorosis was manifested in bones and t e e t h  of an 86 
y e a r  old man who was chronically exposed t o  fluoride in a i r  and in drinking 
w a t e r  which was con tamina ted  by industry. Renal insufficiency developed, 
caused by ar ter iosclerosis  i n  both kidneys. 

This c a s e  accen tua te s  t h e  impor t ance  of knowing t h e  renal functional 
pa rame te r s  in cases of the rapeu t i c  use of fluoride. 

KEY WORDS: CDR; Kidnev function; Skeletal  fluorosis. 

REPRINTS: CA Dr. sc. med. Chr. W. Schmidt,  Innere Abteilung a m  Kreis- 
krankenhaus, German  Democrat ic  Republic 83 12, Heidenau, 
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CORRECTION 

January, 1989 (Vol. 22, No. I )  paragraph 3, line 12. In the  "Report of a 
Meeting," International Fluoridation Symposium in Brazil the  word "agreed" 
should have been "argued." 
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INSTRUCTIONS TO AUTHORS 

Fluoride, the  of f ic ia l  journal of t h e  International Soc ie ty  for 
Fluoride Research  (ISFR) is published quar te r ly  ( January ,  April,  July, 
October).  Its scope is the  publication of papers  and r epor t s  on t h e  
biological, chemical,  ecological, industrial, toxicological and clinical  
aspec ts  of inorganic and organic fluoride compounds. Pape r s  presented  
a t  t h e  annual ISFR conference  a r e  published in Fluoride. Submission 
o f  a paper implies t ha t  i t  p resents  original investigations and  re levant  
bio-medical observations. Review papers  a r e  also accepted .  

PREPARATION OF PAPERS 

1. General - No precise limit is  given on t h e  length of the  paper; 
it  should be wr i t ten  concisely in English, submi t ted  in t w o  copies, 
doublespaced with generous margins. Measures a r e  given in m e t r i c  
system (SI). 
2. Title - A concise but in format ive  t i t l e  should b e  followed by t h e  
name of author(s),  t he  location and s t a t e  (country) where  t h e  research  
was ca r r i ed  out. The  name  and address of the  insti tution where  t h e  
work was  done should appear  at t h e  bot tom of the  first page. 

3. Summary - The paper should begin with a brief, f ac tua l  summary. 

4. Introduction - Following t h e  summary ,  a short  introduction should 
state the  reason for t he  work with a brief review of previous works 
on t h e  subject. References  a r e  given by numbers in parentheses.  

5. Materials and Methods - should b e  condensed; however i f  t he  
methodology is new o r  developed by t h e  author(s) i t  c a n  b e  more  
detailed. 

6. Results - should contain t h e  direct conclusions of t h e  experi-  
mental  work. 

7. Discussion - should deal with the  general conclusions. Re fe rence  
should be  made  to o the r  work on the  subjec t  wi th  an  indication 
whether  t he  exper imenta l  results ag ree  o r  d i sagree  with previous work. 
In shor t  papers, resu l t s  and discussion c a n  be  combined. 

8. Abbreviations or Acronyms - must  be defined e i t h e r  parenthe t i -  
cally o r  in a footnote  when they  f i r s t  appear. 

9. Bibliography - should be  a r ranged  according to t h e  o rde r  in which 
the  a r t ic les  a r e  c i t ed  in the  text (not alphabetically). An example  
follows: 

Fiske, C.H. and Subba Row, Y.: The  Color imet r ic  Determina- 
tion of Phosphorus. J .  B i d .  Chem., 66:375-400, 1925. 

For books, t he  title, ed i tor ,  publisher, location and yea r  of publication, 
and pages should be  given. 
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