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The uptake and concent ra t ion  of f l u o r i d e  i n  the  t i s s u e s  of o y s t e r s  

was s tud ied  under l abo ra to ry  condi.t ions.  Experimental animals were main- 

t a ined  f o r  up t o  two months i n  water f l u o r i d e  l e v e l s  of 0 .5,  2 ,  8 ,  32, and 

128 ppm using f l u o r i d e  f r e e  a r t i f i c i a l  sea water  conta in ing  s p e c i f i c  amounts 

of sodium f l u o r i d e .  Tissue f l u o r i d e  ana lyses  were made a t  i n t e r v a l s  

throughout t h e  experiment and the  f l u o r i d e  uptake r a t e s  were determined. 

It was found t h a t  o y s t e r s  d id  accumulate f l u o r i d e  a t  a l l  of t h e  expe r i -  

mental f l u o r i d e  concent ra t ions  excep t  0.5 ppm which i s  w i t h i n  t h e  range 

of n a t u r a l  water  f l u o r i d e  l e v e l s .  Maximum uptake occurred dur ing  the  f i r s t  

f i v e  days of exposure and was followed by an abrupt  decrease  i n  t he  accumu- 

l a t i o n  r a t e  throughout t he  remainder of t h e  study per iod .  Tissue  f l u o r i d e  

l e v e l s  a s  high a s  100 ppm (dry weight b a s i s )  were observed i n  o y s t e r s  

from 32 ppm water ;  30 pprn from 8  ppm wacer; and 18 ppm from 2 ppm water .  

Oysters  wi th  these  h igher  t i s s u e  f l u o r i d e  concen t r a t ions ,  e.g. ,  100 and 

30 ppm, a r e  be l ieved  t o  r ep re sen t  a  p o t e n t i a l  pub l i c  h e a l t h  problem i f  

they  a r e  consumed i n  l a r g e  amounts by t h e  genera l  pub l i c .  

D i f f i c u l t y  was encountered i n  maintaining o y s t e r s  f o r  longer  than  

30 days a t  32 ppm and f o r  longer  than  f i v e  days a t  128 ppm water  f l u o r i d e .  

This  i n d i c a t e s  t h a t  prolonged exposure t o  water  f l u o r i d e  l e v e l s  a s  low 

a s  32 ppm w i l l  be d i s a s t r o u s  t o  o y s t e r  popula t ions  i n  t he  a f f e c t e d  a rea .  
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Obiectives 

This project was undertaken to investigate (1) the potential uptake 

and concentration of fluoride by oysters, (2) some of the effects of fluaride 

on oysters, and (3) the possibility that oysters from fluoridated water 

will pose a threat to human health due to tissue fluoride concentration. 

The oyster was chosen as a test animal because of its importance as 

a commercial species and because of its well known capacity to concentrate 

heavy metals and petroleum products that are present only in trace amounts 

in the environment. Zinc, for example, has been detected in oysters in 

concentrations up to 170,000 times that of the surrounding water (Chipman 

et a1 1958). If a similar accumulation of fluoride occurs, a potential - * 9 

serious threat to the health of the oysters exists along with a health 

hazard to those individuals eating such contaminated oysters. 

Research Procedures 

Field investigations were designed to determine fluoride uptake and 

growth rates in oysters subjected to different water conditions at six 

strategic locations along the Pamlico River. These experimental areas 

were chosen in reference to the source of fluoride pollution, e.g., Texas 

Gulf Sulfur Company's effluent. 

Oysters were collected, marked, measured, and put into sediment filled 

plastic pans which were placed in the river at the experimental sites. 

These efforts, however, yielded no data since the oysters could not be lo- 

cated after a period of three months had elapsed. The plastic pans were 

gone and most of the oysters were apparently covered or removed from the 

areas by the combination of currents, waves, and shifting sediments. An 

insufficient number of living oysters could be located at each site to 
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permit s t a t i s t i c a l  a n a l y s i s  a? the  growth and f l u o r i d e  uptake da t a .  Sub- 

sequent ly ,  t h i s  phase of t h e  p r o j e c t  wr;s abandoned. 

Oysters  were a l s o  maintained in the  wet l ab  f a c i l i t i e s  a t  t h e  Pamlico 

Marine Laboratory. These o y s t e r s  were so l l ecced  when needed from the  no r th  

s i d e  of t he  Pamlico River a t  a  ps?int where they were not  subjec ted  t o  t he  

e f f e c t s  of the  mining e f f l u e n t .  Thnse o y s t e r s  were weighed and placed i n  

shallow p l a s t i c  pans. These palls measured 32 cm Pang, 27 cm wide and 13 cm 

deep. Each contained h e l d  fm;r t o  s i x  crysters and four  E l t a r s  of water .  

The s a l i n i t y  of the  water  was adjusced t o  10 p a r t s  per  thousand t o  approxi-  

mate t h e  cond i t i ons  found i n  t h e  r i v e r  where the  o y s t e r s  were obtained.  

Maintenance of t h i s  s a l i n i t y  was made poss ib l e  by us ing  an a r t i f i c i a l  sea 

water mix (Aquarium Systems, Iae., Wick l i f f e ,  Ohio) and d i l u t i n g  i t  t o  the  

des i r ed  s a l i n i t y .  The water  used fo r  d i s so lv ing  the  s a l t s  and d i l u t i n g  the 

sea water  was obtained from a  shallow we l l  and passed through a  Barnstead 

mixed-bed r e s i n  column p r i o r  t o  use. 

Since the  a r t i f i c i a l  sea  water  c o n t a i ~ e d  no f l u o r i d e  i t  was poss ib l e  

t o  accu ra t e ly  r e g u l a t e  t he  composition of t h i s  i on  i n  the  experimental  tanks 

by adding appropr i a t e  amounts of sodturn f l u o r i d e .  F luo r ide  concen t r a t ions  

i n  t h i s  experiment ranged from 0.5  ppm to I28 ppm, There were a  t o r a l  of 

f i v e  concent ra t ions  used,  each one con ta in ing  fou r  t imes a s  much f l u o r i d e  

a s  t he  previous one. Thus, oys t e r s  were exposed t o  f l u o r i d e  concent ra t ions  

of 0.5, 2 ,  8 ,  32, and 128 ppm. This  i s  be l ieved  t o  r ep re sen t  a  r e a l i s t i c  

range of p o t e n t i a l  f l u o r i d e  concent ra t ions  i n  t he  water  of t he  Pamlico River 

Es tuary  ad jacent  t o  t he  phosphate mining ope ra t ions .  

Oxygen was suppl ied  by bubbling a i r  th.rough a  s i n g l e  a i r  s tone  i n  each 

tank.  The oxygen content  of t he  water  was not  determined b u t  a t  no time 

was t h i s  be l ieved  t o  be much below s a t u r a t i o n .  



The o y s t e r s  were f e d  Prom an  algae c u l t u r e  main ta ined  i n  f l u o r i d e -  

f r e e  a r t i f i c i a l  s e a  w a t e r .  S ~ E  a l g a e  wero coneencra ted  by s p i n n i n g  i n  a  

c e c c r i f u g e  and t h e n  d i spensed  i n c o  rhe ~ n a l v i d u a l  t a n k s .  D i f f i c u l t i e s  were 

encountered i n  m a i n t a i n i n g  t h e  a l g a e  c u l t u r e s  and t h e r e f o r e ,  t h e  o y s t e r s  

were undoubtedly  under fed  throughout  mos% of che exper iment .  T h i s  made it 

imposs ib le  t o  i n t e r p r e t  any growth changes c h a t  might  have been a t t r i b u t e d  

t o  f l u o r i d a t e d  w a t e r .  

The w a t e r  t empera tu re  was n o t  c o n t r o l l e d  and was t h e r e f o r e  s u b j e c t  

t o  some f l u c t u a t i o n ,  The t empera tu re  of  t h e  w a t e r  i n  t h e  t a n k s  ranged from 

a  June low of 2 5 O ~  t o  approx imate ly  30% Ln August.  D a i l y  f l u c t u a t i o n  was 

n o t  more t h a n  1°c. The w a t e r  i n  t h e  t a n k s  was changed once a  week and r e -  

p l a c e d  by a  f r e s h  supp ly  c o n t a i n i n g  t h e  same f l u o r i d e  c o n c e n t r a t i o n .  

O y s t e r s  t o  be used i n  t h e  t f s s u e  f l u o r i d e  a n a l y s e s  were removed p e r i o d -  

i c a l l y  from t h e  e x p e r i m e n t a l  t a n k s .  The e n t i r e  o y s t e r  was weighed; t h e  

meats  were removed from t h e  s h e l l ,  b l o t t e d  between paper  towels  u n t i l  most 

o f  t h e  f r e e  w a t e r  was gone,  and d r i e d  a t  1 0 0 ~ ~  f o r  48 h o u r s  i n  a  d r y  h e a t  

oven. A f t e r  d r y i n g ,  t h e  o y s t e r  meats were ground t o  a  f i n e  c o n s i s t e n c y  

w i t h  a  mor ta r  and p e s t l e .  The grotand ~ F s s u e s  were t h e n  s t o r e d  i n  t i g h t l y  

s toppered  v i a l s  u n t i l  f u r c h e r  a n a l y s i s .  

De te rmina t ion  of f l u o r i d e  i n  the oyster t i s s u e s  was done u s i n g  a  pro-  

cedure  based upon t h e  d i f f u s i o n  of hydrogen f l u o r i d e ,  developed by S i n g e r  

and Armstrong (1959, 1965).  The p r i n c i p l e  employed i n v o l v e s  d i s s o l v i n g  of 

t i s s u e  samples and p r e c i p i t a t i o n  of p r o t e i n s  by p e r c h l o r i c  a c i d  (HC104), 

r e l e a s e  of f l u o r i d e  a s  hydrogen f l u o r i d e ,  a b s o r p t i o n  of hydrogep f l u o r i d e  

w i t h  sodium hydrox ide ,  and sgect- rophotomsfr ic  a n a l y s i s .  T h i s  method i s  

p r e f e r a b l e  t o  t h e  p r e v i o u s l y  employed steam d i s t i l l a t i o n  p rocedures  because  

of i t s  r e l a t i v e  s i m p l i c i t y  and economy. T h i s  method does n o t  r e q u i r e  a s h i n g  



of samples and i n v o l v e s  inexpens ive  equipment,  t h u s  e n a b l i n g  a  g r e a t e r  

number of a n a l y s e s  t o  be  performed i n  a  g iven  p e r i o d  o f  t ime.  

A complete l i s t  of  m a t e r i a l s  and a d e t a i l e d  d e s c r i p t i o n  of t h e  chemi- 

c a l  compounds and c o n c e n t r a t i o n s  of each r e q u i r e d  i n  t h i s  a n a l y s i s  can  be  

found i n  t h e  papers  no ted  above. A description of t h e  d i f f u s i o n  d i s h  

a p p a r a t u s  i s  a l s o  g i v e n  i n  t h e s e  r e f e r e n c e s .  

Procedure  

Apply a  t h i n  l a y e r  of s i l i c o n e  g r e a s e  t o  t h e  r i m  of t h e  middle  p a r -  

t i t i o n  o f  each d i f f u s i o n  d i s h  t o  be used.  

Depos i t  NaOH i n  t h e  c e n t e r  w e l l  of each  d i s h .  

Add a p p r o p r i a t e  amount o f  sample ( d r i e d  o y s t e r  meat)  t o  sample r i n g  

of each d i s h .  

P r e p a r e  t h r e e  b lank  d i s h e s  by add ing  on ly  H C l Q 4  t o  t h e  sample r i n g .  

P r e p a r e  t h r e e  r e c o v e r y  d i s h e s  by add ing  a p p r o p r i a t e  amount of f l u o r i d e  

s o l u t i o n  (NaF) and H C l Q 4  t o  t h e  sample r i n g s .  

Add one drop of r e d i s t i l l e d  a l c o h o l  f a  t h e  c e n t e r  w e l l  o f  each p l a t e  

t o  sp read  t h e  NaOH. 

Cover each d i f f u s i o n  d i s h  w i t h  t h e  l i d  o f  a  d i s p o s a b l e  p e t r i  d i s h .  

P l a c e  t h e  p l a t e s  on % inch  plywood b o a r d s ,  a r r a n g e  t h e  boards  i n  t i e r s  

and c a r e f u l l y  p l a c e  them i n  a  55'-60'~ oven. P l a c e  b r i c k s  o r  o t h e r  

we igh t s  on t o p  board t o  i n s u r e  s e a l .  

I n c u b a t e  t h e  p l a t e s  f o r  22 h o u r s .  

Label  and weigh t e s t  t u b e s  f o r  a l l  samples ,  b l a n k s ,  r e c o v e r i e s  and 

s t a n d a r d s .  

J u s t  p r i o r  t o  removing p l a t e s  from oven, p r e p a r e  s t a n d a r d  t u b e s  by 

adding a p p r o p r i a t e  amounts of s t o c k  f l u o r i d e  s o l u t i o n  and NaOH t o  each 



tube .  

Immediately a f t e r  removing p l a t e s  from oven, remove p e t r i  d i s h  c o v e r s  

t o  p r e v e n t  condensa t ion .  

Using s u c t i o n ,  remove and d ~ s p o s e  of sample r i n g  c o n t e n t s  from a l l  d i s h e s .  

Add r e d i s t i l l e d  w a t e r  t o  c e n t e r  w e l l  and t r a n s f e r  c e n t e r  w e l l  c o n t e n t s  

t o  a p p r o p r i a t e  t e s t  t u b e  u s i n g  i n d i - ~ i d u a l  d i s p o p i p e t t e s .  R i n s e  c e n t e r  

w e l l  a t  l e a s t  f i v e  t imes  t o  a s s u r e  complete removal of c o n t e n t s .  

Br ing volume i n  a l l  t e s t  t u b e s  t o  approx imate ly  10 m l  w i t h  r e d i s t i l l e d  

w a t e r .  

Add one drop of p h e n o l p h t h a l e i n  t o  each tube  and mix by shak ing .  

T i t r a t e  t o  end p o i n t  w i t h  2 . 2 5  N and 0.125 N H C l .  

P r e p a r e  dye from Eriochrome Cyanine R and z i r c o n y l  oxyclr lor ide  s o l u -  

t i o n s .  These must be mixed j u s t  p r i o r  t o  add ing  t o  t h e  t e s t  t u b e s .  

Add one m l  o f  dye t o  each tube  and shake t o  mix. 

Br ing  volume i n  a l l  t e s t  t u b e s  t o  e x a c t l y  20 m l  by add ing  r e d i s t i l l e d  

w a t e r  w h i l e  weighing on a  b a l a n c e .  

Read t u b e s  on spectrophotorneter  a f t e r  one hour  from time dye i s  added. 

U s e  f i v e  c e n t i m e t e r  c e l l s  a t  568 mu. 

Blank p r e p a r a t i o n s  - p r o v i d e  i n f o r m a t i o n  on amount of f l u o r i d e  i n  t h e  v a r i o u s  

chemicals  used ,  

Recovery p r e p a r a t i o n s  - prov ide  i n f o r m a t i o n  on amount of f l u o r i d e  recovered  

a f t e r  i n c u b a t i o n  from known f l u o r i d e  c o n c e n t r a t i o n s .  

S tandard  t u b e s  - prov ide  s p e c t r o p h o t o m e t r i c  r e a d i n g  on known f l u o r i d e  con- 

c e n t r a t i o n s  n o t  s u b j e c t e d  t o  i n c u b a t i o n .  

R e s u l t s  and Conclusions  

The t o t a l  wet we igh t  of each o y s t e r  was o b t a i n e d  b o t h  p r i o r  t o  p l a c i n g  



them in the experimental tanks and again when they were removed for tissue 

fluoride analysis. These data were not obtained to yield quantitative infor- 

mation on growth, but were designed to give a rough idea of the general 

health of the oyster. In the 0 . 5 ,  2, 8, and 32 ppm fluoride water the oysters 

usually maintained a constant weight or changed just slightly. In most in- 

stances the change involved a minor loss in weight but 10 of the 66 oysters 

invalved at these fluoride levels showed a weight gain. In no case was 

the gain or loss of veight more than 0.4 gram, which indicates that many 

of the oysters were ingesting sufficient food for maintenance energy. Those 

that did lose weight, lost such a small percentage of their total body weight 

that it is considered insignificant as far as body health is concerned. 

Those oysters maintained at 128 ppm fluoride lost between one and two 

grams over a period of five days and up to four grams after exposure for 

ten days. Most of the oysters died in 128 ppm fluoride water if they were 

exposed for more than five days. Those few that did not die lost weight 

steadily. Therefore, further work at this fluoride concentration was not 

attempted since this is believed to be well above the lethal concentration 

of fluoride for oysters under these laboratory conditions. 

The data obtained at all fluoride levels were plotted as scatter dia- 

grams to give a visual impression of the relationship existing between the 

fluoride accumulation and the time factor involved. Analyses consisted of 

determining both linear and quadratic equations for each data set. The F 

test was used to test the significance of linearity at the .025 level, In 

all bvt the 0 .5  ppm fluoride level, significant curvilinearity in the re- 

gression was noted. Therefore, the quadratic fit was assumed to be most 

appropriate and was used to express the relationship between fl.uoride up- 

take and the duration of exposure to the fluoridated water. At the 0.5  ppm 

- 



f l u o r i d e  l e v e l ,  l i n e a r  r e g r e s s i o n  provided the  b e s t  f i t  and was thus  used 

t o  desc r ibe  the  da t a .  

Uptake da t a  f o r  o y s t e r s  subjec ted  t o  0.5 and 2 pprn f l u o r i d e  water over 

a  60 day i n t e r v a l  a r e  shown i n  F igure  1. A l l  d a t a  a r e  represented  i n  p a r t s  

per  m i l l i o n  f l u o r i d e  i n  o y s t e r  meats on a  dry weight b a s i s .  Since o y s t e r s  

l o s s  approximately 80 percent  of t h e i r  o r i g i n a l  body weight when d r i e d ,  

t h e s e  f i g u r e s  can be reduced by 80 percent  t o  o b t a i n  wet weight d a t a .  

The r eg re s s ion  curve a t  0.5 ppm f l u o r i d e  i n d i c a t e s  a  s teady  l o s s  of 

f l u o r i d e  from the  o y s t e r s  aver t he  time i n t e r v a l  involved.  Although t h e r e  

i s  no t  a  s i g n i f i c a n t  d i f f e r e n c e  (0.5 l e v e l )  between the  f l u o r i d e  concen- 

t r a t i o n  i n  t he  c o n t r o l  o y s t e r s  ( f r e s h  from the  r i v e r )  and t h e  readings  a f t e r  

60 days i n  0.5 pprn f l u o r i d e  water ,  a d d i t i o p a l  d a t a  i n  each category might 

w e l l  r e v e a l  a  s i g n i f i c a n t  d i f f e r e n c e .  These t i s s u e  f l u o r i d e  l e v e l s  a r e  

not  unexpected s i n c e  t h e  f l u o r i d e  coqtent  pf t h e  r i v e r  water  i n  t h e  a r ea  

where the  o y s t e r s  were obtained v a r i e s  from approximately 0.2 t o  1.5 pprn 

throughout t he  year .  

F luo r ide  uptake i n  o y s t e r s  subjec ted  t o  2 pprn water  f l u o r i d e  (Pig.  1) 

shows an i n i t i a l  r ap id  a c ~ u m u l a t i o n  followed by an abrupt  decrease  i n  the  

uptake r a t e  which i n d i c a t e s  t h a t  an asymptote may be reached,  This  apparent  

asymptotic maximum i s  reached between 15 and 18 pprn t i s s u e  f l u o r i d e .  This  

perhaps r ep re sen t s  the  maximum amount of f l u o r i d e  t h a t  can be accumulated 

a t  t h i s  water f l u o r i d e  l e v e l  s i n c e  t h i s  po in t  i s  reached a t  approximately 

20 days of exposure and does not  change s i g n i f i c a n t l y  throughout t he  60 day 

exposure per iod .  

The curve r ep re sen t ing  the  uptake r a t e  at: 2 pprn water  f l u o r i d e  i s  

t y p i c a l  of a  quadra t i c  express ion .  I f  t h i s  type of  curve i s  ex t r apo la t ed ,  

i t  t akes  t he  shape of a  parabola.  There i s  no reason  t o  be l i eve  t h a t  t he  



2 PFM FLUORIDE 

Y = 6.74 + 0.60 X - 0 .0077 x2 
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F i g u r e  1. F l u o r i d e  u p t a k e  i n  o y s t e r s  s u b j e c t e d  t o  0.5 and 2 ppm 
w a t e r  f l u o r i d e ,  



a c t u a l  f l u o r i d e  l e v e l  i n  the  oys t e r  t i s s u e s  w i l l  decregse q f t e r  reaching 

a  maximum po in t  a s  i s  i nd ica t ed  by the  curve,  A more r e a l i s t i c  represen-  

t a t i o n  of t he  uptake r a t e  could perhaps be i l l u s t r a t e d  by a hand-drawn 

curve showieg a  nea r ly  l i n e a r  uptake f o r  the  f i r s t  8-10 days of exposure. 

This  curve would then  l e v e l  of f  a t  approximately 66 ppm f l u o r i d e  and remain 

a t  t h i s  po in t  f o r  the  d u r a t i o n  of the  60 days of exposure. 

F igure  2 shows the  uptake of f l u o r i d e  i n  o y s t e r s  subjec ted  t o  water 

f l u o r i d e  l e v e l s  of 8 and 32  ppm. Quadrat ic  curves f i t  both s e t s  of da t a  

b e t t e r  than  l i n e a r  express ions .  I n  both cases  t h e r e  appears  t o  be an 

i n i t i a l  r ap id  accumulation of f l u o r i d e  i n  the  t i s s u e s .  I n  the  8  ppm f luo -  

r i d e  d a t a  t he re  appears  t o  be a  l e v e l i n g  of f  of the  uptake r a t e  a t  about 

30 ppm. These d a t a  might a l s o  be represented  more r e a l i s f i c a l l y  by a  

hand-drawn curve showing a  l i n e a r  uptake f o r  t he  f i r s t  6-8 days followed 

by a  sharp d e c l i n e  i n  t he  r a t e  of uptake f o r  t h e  remainder ~ f  the study 

per iod .  

The d a t a  obtained a t  32  ppm water  f l u o r i d e  a r e  more d i f f i c u l t  t o  

i n t e r p r e t  p r imar i ly  because no observa t ions  were a v a i l a b l e  beyosd 33 days 

of exposure. Oysters kept beyond t h i s  time d ied  be fo re  they could be 

sampled. I t  appears  from t h i s  information t h a t  32 pprn water  f l u o r i g e  i s  

h igh  enough t o  v i r t u a l l y  e l imina te  any o y s t e r  pqpula t ions  l i v i n g  wi th in  

t h e  a f f e c t e d  a r e a .  

The observa t ions  made a t  t he  32 ppm water  f l u o r i d e  concen t r a t ion  show 

an i n i t i a l  accumulation of f l u o r i d e  s i m i l a r  t o ,  bu t  much more pronounced 

than  t h a t  observed a t  the 2 and 8  ppm f l u o r i d e  l e v e l s .  The d a t a  c o l l e c t e d  

over t h e  f i r s t  18 days of exposure i n d i c a t e  an abrupt  d e c l i n e  i n  the  r a t e  

of f l u o r i d e  uptake a f t e r  reaching approximately 60 ppm i n  the  f i r s t  f i v e  

days. The t h r e e  observa t ions  a t  33  days of exposure d i sag ree  with t h i s  
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F i g u r e  2 .  F l u o r i d e  up take  i n  o y s t e r s  s u b j e c t e d  t o  8 and 
32 f l u o r i d e  w a t e r .  



i n d i c a t e d  r a t e  of d e c l i n e  s i n c e  they show a  mdch h i g h e r  c o n c e n t r a t i o n  of 

t i s s u e  f l u o r i d e  t h a n  would be expected. There  i s  a  p o s s i b i l i t y  t h a t  t h e s e  

t h r e e  o b s e r v a t i o n s  a r e  abnormal ly  h i g h  and t h u s  m i s l e a d i n g .  I f  t h e s e  t h r e e  

o y s t e r s  were near  d e a t h ,  i t  i s  p o s s i b l e  t h a t  t h e  f l u o r i d e  exchange mechanism 

w i t h i n  t h e i r  t i s s u e s  was no ionger  f u n c t i o n i n g ,  rhus  r e s u l t i n g  i n  excep- 

t i o n a l l y  h i g h  f l u o r i d e  l e v e l s .  F u r t h e r  r e s e a r c h  w i l l  be n e c e s s a r y  t o  d e t e r -  

mine more p r e c i s e l y  t h e  t i s s u e  f l u o r i d e  l e v e l s  under  t h e s e  c i r c u m s t a n c e s .  

Ic i s  a p p a r e n t  t h a t  t i s s u e  f l u o r i d e  l e v e l s  of a t  l e a s t  70 ppm can  be 

a t t a i n e d  when o y s t e r s  a r e  s u b j e c t e d  t o  32 ppm f l u o r i d e  w a t e r ,  T h i s  amounts 

t o  approx imate ly  14 ppm on a  wet weight  b a s i s  which i s  6 .3  mg of f l u o r i d e  

p e r  pound of o y s t e r  mea t s .  T h i s  could  s u b s t a n t i a l l y  i n c r e a s e  t h e  d a i l y  food- 

borne f l u o r i d e  i n t a k e  of a n  i n d i v i d u a l .  I t  h a s  a l r e a d y  been e s t i m a t e d  

(Marier  and Rose,  1966) t h a t  t h e  t o t a l  f l u o r i d e  i n t a k e  p e r  a d u l t  i n d i v i d u a l  

i n  f l u o r i d a t e d  ( 1  ppm) communities i s  from 2 t o  5 mg p e r  day.  Krepkogorsky 

(1963) recommends t h a t  t o t a l  i n g e s t i o n  of f l u o r i d e  by a d u l t s  shou ld  n o t  ex- 

ceed 3.2 mg p e r  day.  I n  view of t h e s e  f a c t s ,  i t  seems l i k e l y  t h a t  t h e  ad- 

d i t i o n  of o y s t e r s  c o n t a i n i n g  14 pprn f l u o r i d e  t o  t h e  d i e r  w i l l  i n c r e a s e  t h e  

d a i l y  f l u o r i d e  i n t a k e  n e a r e r  t o ,  i f  n o t  above,  t h e  maximum s a f e  l i m i t  f o r  

an  i n d i v i d u a l .  

An a t t e m p t  was a l s o  made t o  de te rmine  f l u o r i d e  up take  r a t e s  i n  o y s t e r s  

l i v i n g  i n  128 ppm f l u o r i d e  w a t e r .  The m o r t a l i t y  r a t e  a f t e r  f i v e  days  a t  

t h i s  f l u o r i d e  l e v e l  was so  g r e a t  t h a t  on ly  two a d d i t i o n a l  o b s e r v a t i o n s  were 

p o s s i b l e .  These were made on o y s t e r s  main ta ined  f o r  e i g h t  days  under t h e s e  

c o n d i t i o n s .  Four o y s t e r s  ana lyzed  a f t e r  f i v e  days  of exposure  showed 250, 

265, 273, and 275 ppm f l u o r i d e  i n  t h e i r  t i s s u e s .  The two measurements ob- 

t a i n e d  a t  e i g h t  days  showed 290 and 320 ppm f l u o r i d e .  It i s  a p p a r e n t  t h a t  

o y s t e r s  could  n o t  s u r v i v e  extended p e r i o d s  o f  exposure  t o  w a t e r  f l u o r i d a t e d  



t o  t h i s  l e v e l .  

Experiments were a l s o  undertaken t o  determine how long t b e  o y s t e r s  

could r e t a i n  f l u o r i d e  a f t e r  being removed from f l u o r i d a t e d  water .  Only 

seven observa t ions  were made b u t  t h e  cons is tency  of t he  r e s u l t s  i n d i c a t e s  

t h a t  f l u o r i d e  i s  r e l ea sed  from o y s t e r s  a t  l e a s t  a s  East a s  i t  i s  accumulated. 

Oysters  were maintained a t  2 ,  8 ,  and 32 pprn water  f l u o r i d e  f o r  a  per iod  

of 20 days and then  placed i n  f l u o r i d e  f r e e  water f o r  four  days,  T issue  

f l u o r i d e  ana lyses  showed f l u o r i d e  l e v e l s  of 4 .3  and 4.8 ppm i n  o y s t e r s  from 

2  ppm f l u o r i d e  water ;4 .2  and 4.7 ppm i n  those from 8 pprn water ;  and 4 .0 ,  

5 .0 ,  and 5 , 5  ppm i n  o y s t e r s  from 32 pprn f l u o r i d e  water .  I n  a l l  cgses  t he  

t i s s u e  f l u o r i d e  l e v e l  had re turned  t o  a l e v e l  found i n  un t r ea t ed  o y s t e r s  

w i t h i n  fou r  days a f t e r  removal from t h e  f l u o r i d a t e d  environment. This  

f l u s h i n g  a b i l i t y  might prove t o  be h e l p f u l  i n  r i d d i n g  contaminated o y s t e r s  

of undes i r ab le  o r  p o t e n t i a l l y  harmful concen t r a t ions  of f l u o r i d e  p r i o r  t o  

u s ing  them a s  food f o r  man. 

Achievement of Objec t ives  

The o r i g i n a l  o b j e c t i v e s  of t h i s  p r o j e c t  were not  a l l  achieved s i n c e  

t h e  f i e l d  a spec t  was unsuccessfu l .  Information on t h e  uptake r a t e s  of f l u o -  

r i d e  i n  o y s t e r s  and da t a  on the  concen t r a t ions  of f l u o r i d e  l e t h a l  t o  o y s t e r s  

were obta ined ,  

Pub l i ca t ions  from t h i s  P r o j e c t  

A t  t he  p re sen t  time no pub l i ca t ions  have r e s u l t e d  from this p r o j e c t .  

However, i t  i s  hoped t h a t  a  p u b l i c a t i o n  w i l l  be forthcoming a t  a  l a t e r  d a t e .  



Literature Cited 

Chipman, W. A . ,  T. R. Rice, and T. J .  Price. 1958. Upcake and accumu- 

lation of radioactive zinc by marine plankton, fish and shellfish. 

U. S. Fish and Wildlife Service, Fishery Bulletin 135, Vol. %:279-292. 

Krepkogorsky, L. N. 1963. Fluorine in the traditional diet of t h ~  popu- 

lation of Viet Nam, in relqtion to endemic fluoroeis. Gig. Sanit., 

28 (12) : 30. - 
Marier, J .  R., and D. Rose. 1965. The fluoride content of some foods and 

beverages--a brief survey using a modified Zr-SPADNS methad. J. Food 

Sci,, 31(6): 105-109. 

Singer, L., and W. D. Armstrong. 1959, Detarminatiaqi of fluoride in blood 

serum. Analyt. Chem., 3(1):105-109, 

Singer, L., and W. D. Armstrong. 1965. petermination ~f fluoride. Pro- 

cedure based on diffusion of 4ydrogqn fluoride. Analyt. Biochem., 

10(3):495-500. - 


