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Summary 

A survey was made of the fluoride content of selected human  foods, some animal 
feeds, and related materials, with the purpose of a better characterization of pro- 
ducts whose fluoride may contribute to the intake of fluoride by man as well as by 
some kinds of animals. Uptake of fluoride, especially from food with or without a 
foregoing food chain, was found to be more widely spread than has been 
documented previously. The major source of fluoride is represented by marine 
organisms, regardless of the ways by which man or animals are exposed to fluoride. 
As a consequence of the detailed analytical data given, recommendations would 
extend towards i) a more wide-spread analytical control of foods and feeds for 
fluoride, ii) an intensified assessment of fluoride bioavailabilities from foods and 
feeds, and iii) the consideration of such data in the evaluation of fluoride sup- 
plementat ions for optimized intakes, as recommended. 

Zusammenfassung 

In  ausgewfihlten Lebensmitteln,  Tierfuttermitteln und  einer Reihe weiterer Mate- 
rialien wurde die Fluoridkonzentrat ion ermittelt, urn solehe Quellen besser charak- 
terisieren zu k6nnen,  aus denen direkt oder indirekt Mensch und Tier Fluorid 
aufnehmen.  Fluorid ist, im wesentlichen durch die Nahrung mit oder ohne vorge- 
schaltete Nahrungskette,  weiter verbreitet als bisher bekannt.  Die Hauptquelle des 
Fluorids wird dureh Meereslebewesen repr~isentiert, unabh/ingig davon, auf  wel- 
ehen Wegen Mensch oder Tier Fluorid aufnehmen. Als Konsequenz der detaillier- 
ten Analysenwerte muB empfohlen werden, 1. Lebensmittel  und  Tierfutter 
umfangreieher auf ihren Fluoridgehalt zu kontrollieren; 2. verst~irkt die Bioverffig- 
barkeit  yon Fluorid aus tier Nahrung des Mensehen und  dem Tierfutter zu ermitteln 
und  3. die Ergebnisse solcher Studien bei der Festlegung der Aufffilldosis yon 
Fluorid entsprechend den Empfehlungen ffir eine optimale Zufuhr zur Kariespro- 
phylaxe zu berficksichtigen. 

Key words: fluoride, human  food, health food, pet food 

Introduct ion  

T h e  f l uo r ide  c o n c e n t r a t i o n s  in  h u m a n  foods  are  i n  m o s t  cases  v e r y  l ow  
(for r e v i e w  see (8)) w i t h  one  m a j o r  e x c e p t i o n ,  w h e n  r a w  ma t e r i a l s  s t e m  
f r o m  the  m a r i n e  e n v i r o n m e n t .  Sea  w a t e r  t h r o u g h o u t  t he  w or l d  c o n t a i n s  
1.3 m g  F/1 a n d  t h u s  p r o v i d e s  a r e l a t ive ly  f l uo r ide - r i ch  b i o t o p e  for all  
m a r i n e  life. S o m e  o r g a n i s m s  l ike  the  s m a l l  a n t a r c t i c  kr i l l  s h r i m p ,  howeve r ,  
c o n c e n t r a t e  f l uo r ide  b y  seve ra l  o rde r s  of m a g n i t u d e  (10). I n  add i t i on ,  s o m e  
829 
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o r g a n s  of  m a r i n e  a n i m a l s  are  we l l  k n o w n  to a c c u m u l a t e  f luor ide ,  espe-  
c ia l ly  b o n e s  a n d  sk in ,  sca les  i n c l u d e d  (16). T w o  m a j o r  sou r c e s  c o n t r i b u t e  
to the  f l u o r i d e  c o n t e n t  of  a n i m a l  feeds,  b o t h  r a w  ma t e r i a l s  of  m a r i n e  o r ig in  
l ike  f i sh  mea l ,  a n d  e n v i r o n m e n t a l  c o n t a m i n a t i o n s  on  a v e r y  m u c h  
loca l ized  scale,  e.g. i n  the  v i c i n i t y  of  a l u m i n a  s m e l t e r s  (6, 7). T h u s  a n i m a l s  
r a i s ed  for  h u m a n  c o n s u m p t i o n  m a y  we l l  c o n t a i n  h i g h e r  f l uo r ide  levels ,  
w h i c h  has  led  to lega l  r e g u l a t i o n s  (3). F u r t h e r m o r e ,  pe t  a n i m a l s  m a y  
rece ive ,  t h r o u g h  the i r  r a t ions ,  m o r e  f l uo r ide  t h a n  a n t i c i p a t e d .  S i n c e  
m a r i n e  p l a n t s  s u c h  as a lgae  se rve  as r aw  m a t e r i a l s  for  a g rea t  n u m b e r  of  
p u r p o s e s  (5), t he i r  i n d i g e n o u s  f luo r ide  c o n t e n t  m a y  be  sp read  i n to  a 
n u m b e r  of p r o d u c t s  u s e d  b y  m a n .  

F o r  the  a b o v e  r e a s o n s  a n d  as a p r e p a r a t o r y  s tep  for s t u d i e s  of  t he  
b i o a v a i l a b i l i t y  of  d i e t a ry  f luor ide  (15) a l i m i t e d  s u r v e y  of  the  f luo r ide  
c o n t e n t s  o f  h u m a n  food,  a n i m a l  feeds,  a n d  s o m e  re l a t ed  p r o d u c t s  has  b e e n  
m a d e ,  t he  r e su l t s  of  w h i c h  are p r e s e n t e d  in  th is  paper .  

Material  and m e t h o d s  

The analyzed substrates and their origins are listed in Tables 2-5 in the results 
section. 

All reagents were of the highest commercially available purity and supplied, 
unless stated otherwise, by Merck AG, Darmstadt, FRG. 

In  preparing the materials for analysis they were, if necessary, dried at 105 ~ to 
constant  weight. If required, the coarsely chopped substrate was extracted in a 
Soxhlet apparatus for 24 hrs with acetone for the removal of lipids. These steps 
were applied mainly to meat, fish products and some pet foods. The dry material 
was ground in an agate lined ball mill (MM2, Retsch & Co, Haan, FRG). The 
powders were kept in tightly closed plastic bottles at room temperature till they 
were analyzed. Analyses were carried out at least in duplicate with independent  
extracts of the analytical substrates. 

Fluoride was extracted from 100-250 mg aliquots of the substances into 10 ml 1-M 
HC1 and magnetically stirred vigorously for 20-30 min (i). The cleared extract was 
brought to 20 ml in a volumetric flask. 

Some materials (Table 1) were ashed in a peroxide bomb (IKA-Universalbombe, 
IKA-Werk, Staufen/Br., FRG) with Na202 according to Wurzschmitt (17) by mixing 
about 100 mg substrate with 6-8 g Na202 and a few drops of ethyleneglycol. After 
reaction and cooling, the reaction mixture was dissolved in de-ionized water, 
neutralized with acetic acid, and brought to 200 ml in a volumetric flask with de- 
ionized water. 

Fluoride was determined by means of gas chromatography (2) after derivation as 
follows: in special tubes for derivation (Serva GmbH, Heidelberg, FRG) 1 ml 
aliquots were mixed with 0.5 m125 % HC1 (w/v) and 1 ml benzene reagent consisting 
of 760 ~1 trimethylchlorosilane and 5.6 ~1 isopentane (W. G~nther, Griesheim/Hess., 
FRG) in 1000 ml benzene. The mixture was shaken vigorously for 30 min (IKA- 
Sch~ittler $50, IKA-Werk, Staufen/Br., FRG). After centrifugation for 5 min at 
4000 rpm, 3 ~tl of the supernatant  benzene layer was injected into the gas chromato- 
graph (Hewlett-Packard, Frankfurt,  FRG, 5840A with flame ionization detector; 2 m 
steel column of 3 mm external diameter; 20 % silicon oil DC 200/50 on Chromosorb 
P; N2 stream at 20 mYmin; oven at 60 ~ injection block at 130 ~ detector at 250 ~ 

All glassware was kept prior to use in concentrated sulphuric acid for 24 hrs, and 
after thorough rinsing used exclusively in these analyses. 

Data of the fluoride contents of all substrates are given for the samples as 
purchased unless stated otherwise. 
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R e s u l t s  

In  some instances,  direct  compar isons  were made  of  the two digest ion 
m e t h o d s  for f luoride prior to derivation and gas c h r o m a t o g r a p h y  (table 1). 
Obviously,  the digest ion m e t h o d  of  choice depended  on the substrate  to 
be analyzed:  dental  impress ion  materials, but  to a greater extent,  siliceous 
earths and certain mar ine  algae needed oxidative digest ion whereas  fish 
bone meal  and m a m m a l i a n  bone  meal  gave essentially identical f luoride 
values with bo th  methods .  

It  should be men t ioned  that  Taves (13) did not  find any differences in the 
fluoride contents  of  95 food items analyzing ashed and unashed  samples 
wi th  the  except ion  of two cereal p roduc t s  and black pepper.  Wright and 
Davison  (16), too, found a g o o d  coincidence  compar ing  the fluoride con- 
tents of  mar ine  organisms obta ined after acid extract ion or potass ium 
hydrox ide  fusion wi thout  ashing. 

Tab l e2  presents  data on fluoride in selected h u m a n  food items. Elevated 
concent ra t ion  of f luoride in meat  p roduc t s  (normal range 0.1-0.3 mg/kg;  
(6)) mos t  p robab ly  resulted from admix tu re  of osseous material  due  to 
partial use of mechanica l ly  deboned  meat  (so-called separator  meat). For  
this reason, some samples  of  bone  meal  were also analyzed (table 2), 
showing  a fluoride content  of  200-300 mg/kg  and thus indicat ing a poss- 
ible con ten t  of  0.4 % of finely g round  osseous material  in these meat  
p roduc t s  at the max imum.  

Marine fish, as c o n s u m e d  by man,  normal ly  contains very  low concen-  
trat ions of  fluoride (0.2-0.3 mg/kg fresh weight  (6)). However ,  fish nor- 
mal ly  eaten with bones  and skin like sardines in oil or smoked  sprat, 
conta ined  16-20 m g  F/kg. For  the purpose  of  comparison,  a n u m b e r  of  fish 
bone  samples were analyzed which  gave fluoride concentra t ions  be tween  
580 and  about  1000 mg/kg (table 2), thus  easily explaining the fluoride 
values in, for example,  whole  sardines. 

Table 1. Comparison of peroxide bomb ashing and HC1 extraction for fluoride 
determination by gas-chromatography. 

Substrate Relative fluoride content (%) 
by bomb by HC1 
ashing extraction 

+ S.D. n ~ + S.D. n 

Dental impression materials 
(Zelgan, Palgate Quick, Tissutex) 
Siliceous earth and Kieselgur 
(3 samples) 
Lithothamnion algal powder 
(1 sample) 
Fish meal 
(3 samples) 
Mammalian bone meal 
(3 samples) 

100• 8 84• 4.8 6 

100 ___ 4.7 8 65 ___ 26.0 10 

100 + 5.4 6 4.5 2 

100 + 6.3 9 97 + 6.2 6 

100 + 7.1 8 107 _+ 8.6 6 

n =- number of independent analyses. 
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The  re la t ively  h igh  f luor ide  con ten t  in tea is well  k n o w n  (8, 12); the tea  
s amp le s  s h o w n  in table  2 were  analyzed for inves t iga t ion  of  the  f luor ide  
bioavai labi l i ty  f rom tea  (15) and  indica te  tha t  on average  3 m i n  of b rewing  
t ime  re leased  91% of  the  f luor ide  ob ta ined  af ter  5 rain, a per iod which  is 
said not  to be  exceeded  normal ly .  

A m o n g s t  hea l th  foods and  p repa ra t ions  for se l f -medica t ion  n u m e r o u s  
p roduc t s  are conce rned  wi th  bone  fo rma t ion  and  ca lc ium supp ly  bes ides  
genera l  r obo ran t  effects;  a par t  of  these  is p r epa red  f rom bones  and  
pe t rous  raw mater ia l .  A short- l is t  of  such  p repara t ions  was  ana lyzed  for 
f luor ide  (table 3) and  revea led  for several  p roduc t s  revealed  concent ra -  
t ions wh ich  were  u n e x p e c t e d l y  high. I t  should  be  men t ioned ,  however ,  
tha t  no dec lara t ion  of  the high f luor ide  levels was g iven for any  product ,  
t h o u g h  in take  of  the  r e c o m m e n d e d  doses  of  p roduc t s  wi th  > 100 m g  F/kg  
wou ld  resul t  in f luor ide  u p t a k e  in the  order  of  1-3 mg/day.  On the  o ther  
hand,  qui te  a n u m b e r  of  p roduc t s  are so low in f luoride tha t  thei r  in take  
would  n e v e r  affect  total  in take  of  f luoride per  day  by  man .  

A specia l  g roup  of  p repa ra t ions  consis ts  of  sea salt which  should,  if  
r ep re sen t ing  total  solids of  sea water,  conta in  f luoride at a level  b e t w e e n  25 
and  37 mg/kg.  However ,  no s am p l e  of  sea salt was  found  wi th  more  than  
7 m g  F/kg. This  m a y  be  exp la ined  by  the  a s s u m p t i o n  tha t  f ract ional  
crystal l izat ion of  sea wa te r  preferent ia l ly  y ie lded NaC1, leaving the  major -  
i ty of  N a F  in the  brine.  

Denta l  i m p r e s s i o n  mater ia ls ,  based  on alginate, conta in  a grea t  deal of  
f luor ide  (Table 3). These  analyses  are the  basis  for b ioavai labi l i ty  s tudies  
(15). 

With the  expe r i ence  ga ined  so far, s o m e  pe t  foods  were  checked  for thei r  
f luor ide  con ten t  (table 4). The  s p e c i m e n s  were  ma in ly  se lected if thei r  
label  ind ica ted  the  p r e s ence  of  osseous  mater ia l  or subs tances  of  m a r i n e  
origin like fish. The  da ta  of  table  4 indeed  indica te  f luor ide  concen t ra t ions  
wh ich  m i g h t  mer i t  a t ten t ion  if  real ly w h o l e s o m e  an imal  feeds are pre- 
pared.  At the  end  of table  4 two e x a m p l e s  are g iven as to how f luoride m a y  
reach  the  soil of  p r iva te  ga rdens  w h e n  fertilizers con ta in ing  subs tances  of  
an imal  origin are used.  

S ince  mar ine  organisms,  bo th  of  the  an imal  and  p lant  k ingdoms ,  m a y  
p lay  a role in m a r i ne  food chains,  p l ank t on  samples  were  analyzed as well  
as a n u m b e r  of  weed- l ike  large algae wh ich  r ep resen t  raw mater ia l  for 
indust r ia l  p rocess ing  (table 5). One would  expec t  tha t  some  represen ta -  
t ives  of  the  p l a n k t o n  wor ld  m a y  well  con t r ibu te  to the  f luoride accumula-  
t ion in m a r i n e  animals .  

In  addit ion,  f luor ide  analyses  of  a krill m e a t  s amp le  used  in rat  feeding 
e x p e r i m e n t s  (9) and  in bioavai labi l i ty  s tudies  (14) are given. Finally, seal 
t ee th  of  two species  were  analyzed,  one feeding mos t ly  on krill, while  the  
o ther  is po lyphagous .  The  di f ference  found  of abou t  25 % m o r e  f luoride in 
the  tee th  of  the  kri l l -eat ing seal s eems  to be  smal le r  than  expec ted ,  
p rov ided  the  p o l y p h a g o u s  species  does  not  also ingest  a large a m o u n t  of  
f luoride,  e.g. f rom fish. Incidenta l ly ,  a p re l imina ry  mac roscop i c  inspec t ion  
of  the  t ee th  did not  reveal  any  s y m p t o m s  like mot t l ing  or enamel  c racks  
which,  w h e n  obse rved  in man ,  would  indicate  some  overdosage  of  
fluoride. 
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D i s c u s s i o n  

In  r a the r  w ide  scat ter ,  s u rp r i s i ng ly  h igh  con ton ts  of  f luor ide  were  
o b s e r v e d  in  h u m a n ,  hea l th ,  and  pe t  foods.  Cer ta in  rea l ly  e x t r e m e  va lues  
occu r r ing  in nature ,  e.g. in sponges  on coral  reefs sou th  of  T a s m a n i a  (4) 
wi th  > 100,000 m g  F /kg  or in t ee th  of  pe r c i fo rm fishes (11) wi th  abou t  
50,000 m g  F/kg,  were  no t  obse rved  in the  p r e s e n t  s tudy.  

Bone  mea l s  of  m a m m a l i a n  or f ish or igin were  ana lyzed  ra the r  
t h o r o u g h l y  b e c a u s e  they  are  he ld  to be  a su i t ab le  m o d e l  of  f luor ide  in m e a t  
or f ish p roduc t s ,  thus  e n a b l i n g  b y  the i r  h igh  f luor ide  con ten t  an assess-  
m e n t  of  b ioavai lab i l i t i es .  I t  shou ld  be s t r e s sed  here  tha t  the  ana ly t ica l  
f igures  of  th is  p a p e r  r epresen t ,  if  the  source  of  f luor ide  is ea ten  or fed, 
i n t akes  b u t  no t  b ioava i lab i l i t i es ;  th is  la t te r  po in t  wil l  be  dea l t  wi th  in a 
f o r t h c o m i n g  p a p e r  (15). 

The  da ta  p r e s e n t e d  in th is  p a p e r  ce r ta in ly  sugges t  tha t  more  a t t en t ion  be  
paid ,  in ce r ta in  areas  of  h u m a n  life, to the  poss ib l e  occu r r ence  of  f luor ide  
in the  e n v i r o n m e n t  of  man.  In  v iew of  the  e x t r e m e l y  wel l  e s t a b l i s h e d  
p ro t ec t i ve  role of  f luor ide  aga ins t  too th  d e c a y  (8), ano the r  c o n s e q u e n c e  of 
t he se  da ta  w o u l d  be  a r eapp ra i s a l  of  f luor ide  s u p p l e m e n t a t i o n  in car ies  
p r e v e n t i o n  p r o g r a m m e s  as soon as b ioava i lab i l i t i e s  of  i m p o r t a n t  sources  
of  d i e t a ry  f luor ide  are  known,  wi th  the  p u r p o s e  of ob t a in ing  op t i m a l  
p ro t ec t i on  b y  op t imized  in takes .  
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