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ABSTRACT 

The exper iments  desc r ibed  i n  t h i s  t h e s i s  were performed t o  

o b t a i n  q u a n t i t a t i v e  informat ion  on t h e  a b s o r p t i o n ,  d i s t r i b u t i o n  and 

e x c r e t i o n  of i nha led  hydrogen f l u o r i d e .  Male Long Evans r a t s  were 

s u b j e c t e d  t o  whole body HF exposure f o r  6  hours  or  t o  nose-only HF 

exposure  f o r  1 hour. T o t a l  (ashed samples)and/or  i o n i c  (unashed 

samples)  f l u o r i d e  concen t r a t ions  i n  l ung ,  plasma, kidney,  t r a c h e a ,  

femur, u r ine  and f e c e s  were determined a t  va r ious  t imes  fo l lowing  

exposure. Both t o t a l  and i o n i c  l ung ,  plasma and kidney 

c o n c e n t r a t i o n s  were determined,  t h e  d i f f e r e n c e  , r e f  e r r e d  t o  a s  t h e  

AF f r a c t i o n ,  be ing  a t t r i b u t e d  t o  t he  presence of a  f l u o r i d e  

s p e c i e  (s) which d i d  not respond t o  t h e  f l u o r i d e  i o n  s e n s i t i v e  

e l e c t r o d e .  

In  r a t s  s a c r i f i c e d  6 hours  a f t e r  whole body exposure t o  11-179 

mg ?3/m3 HE' dose-dependent i n c r e a s e s  i n  l ung ,  plasma and kidney 

t o t a l  and i o n i c  f l u o r i d e  c o n c e n t r a t i o n  occurred .  Plasma i o n i c  

f l u o r i d e  ranged from 0.6 pg/ml af t e r  exposure t o  11 rng ?3/m3 t o  

3 5.7 pg/ml a f t e r  exposure t o  116 mg F/m ( c o n t r o l  0.03 

pg/ml) . I n  a d d i t i o n ,  a  dose-dependent i n c r e a s e  i n  plasma AF 

c o n c e n t r a t i o n  was ev iden t .  Plasma AF c o n c e n t r a t i o n  averaged 

7-18% of t h e  plasma t o t a l  f l u o r i d e  concen t r a t ion  and was s t r o n g l y  

c o r r e l a t e d  w i t h  the  l o g  o f  the plasma t o t a l  f l u o r i d e  

c o n c e n t r a t i o n .  The sou rce  of t h i s  AF is unknown. Rats exc re t ed  

many t imes  more f l u o r i d e  i n  t h e  u r i n e  a f t e r  whole body exposure  t o  

HF than could  be expla ined  by t h e  amount of HF inha led .  The 

r e s u l  ts of t h e s e  experiments  provide  cons ide rab le  ev idence  t h a t  



a i r b o r n e  HE' d e p o s i t s  on f u r  and i s  then i n g e s t e d  due t o  p reen ing  

a c t i v i t y .  

Ur ina ry  f l u o r i d e  e x c r e t i o n  was i n c r e a s e d  by nose-only exposure  

t o  63 mg F'/m3 HF'. Approximately 90% o f  the  exces s  f l u o r i d e  

e x c r e t e d  a s  a  r e s u l t  of exposure was e l i m i n a t e d  wi th in  24 hours of 

t h e  s t a r t  of 1 hour exposure,  t h e  remainder was e x c r e t e d  t h e  

fo l lowing  day. The u r i n a r y  f l u o r i d e  exc re t io r .  eccounted f o r  

approximately twice t h e  f l u o r i d e  e s t i m a t e d  t o  be i n h a l e d  du r ing  

exposure.  The amount o f  f l u o r i d e  p r e s e n t  on t h e  f u r  cove r ing  t h e  

nose was of s u f f i c i e n t  magnitude t o  account  f o r  t he  d i f f e r e n c e .  

T i s sue  f l u o r i d e  concen t r a t ions  were e l e v a t e d  immediately af t e r  

nose-only exposure.  F luo r ide  concen t r a t ions  i n  l ung  and kidney 

r e t u r n e d  t o  c o n t r o l  l e v e l s  w i t h i n  1 2  hours.  Plasma f l u o r i d e  

c o n c e n t r a t i o n  was s l i g h t l y  e l e v a t e d  24 hours  a f t e r  the  s t a r t  of the 

1 hour exposure but was a t  c o n t r o l  l e v e l s  a t  96 hours .  

Immediately f o l l w i n g  nose-only exposure lung  i o n i c  f l u o r i d e  

concen t r a t ions  were less than plasma i o n i c  f l u o r i d e  c o n c e n t r a t i o n s  

sugges t ing  t h a t  the  f l u o r i d e  i n  t he  lung  had reached t h a t  s i t e  v i a  

plasma t r a n s p o r t  r a t h e r  than by i n h a l a t i o n .  I n  a  s e p a r a t e  

experiment  HF laden a i r  was drawn through t h e  upper r e s p i r a t o r y  

t r a c t  of t h e  r a t  wh i l e  roam a i r  was r e s p i r e d  through an 

endo t r achae l  tube.  Analys is  of the f l u o r i d e  c o n c e n t r a t i o n  i n  a i r  

drawn i n t o  and l e a v i n g  t h e  upper r e s p i r a t o r y  t r a c t  i n d i c a t e d  t h a t  

g r e a t e r  than 99.9% of  a i r b o r n e  HE' was removed du r ing  passage 

through t h a t  s i t e .  A dose-dependent i n c r e a s e  i n  plasma i o n i c  

f l u o r i d e  a n c e n t r a t i o n  occurred  a f t e r  upper r e s p i r a t o r y  t r a c t  H F  

exposure provid ing  s t r o n g  ev idence  t h a t  t l u o r i d e  is absorbed  



systemically from that s i t e .  The plasma ionic fluoride 

concentration after  upper respiratory t r ac t  exposure was of 

suff icient  magnitude t o  account for the plasma fluoride 

concentrations observed in tac t  nose-only exposed ra t s .  

I n  summary, inhaled HF is near completely deposited i n  the 

upper respiratory t r ac t  and i s  absorbed systemically from that  

s i t e .  Two forms of fluoride are present i n  the plasma of HF 

exposed r a t s ,  one ionic i n  nature, the other a  fluoride specie ( s )  

which does not respond t o  the fluoride ion sensi t ive electrode. 



TABLE OF CONTENTS 

Page 

TITLE: PAGE 

VITA 

iii ACKNOWLEDGEMENTS 

ABSTRACT 

v i i  TABLE OF CONTENTS 

v i i i  LIST OF TABLES 

x i i i  LIST OF FIGURES 

INTRODUCTION 

METHODS AND MATERIALS 

Animal Care and S a c r i f i c e  Procedure 
Metabol ic  S t u d i e s  
Expos ur e Condi t ions  
Exper imenta l  P ro toco l s  
S t a t i s t i c s  
F l u o r i d e  Analys is  
AF C h a r a c t e r i z a t i o n  

RESULTS AND COMMENTS 

I. whole Body Exposures 

A. Pre l iminary  Experiments 
B. Dose-Response Experiment 
C,  HE' Rctcn t ion  Experiment 
D. NaF Retent ion  Experiment 

11. Nose-Only and Non-Inhalation Exposures 

A. In t ravenous  NaF In£ us ion  
B. HF Retention-Normal F  D i e t  
C. Fluvr i d e  DepleLic~~i  Exper iment 
D. F l u o r i d e  I n j e c t i o n  
E. Upper R e s p i r a t o r y  T r a c t  Exposure 
F. HF Reten t ion  i n  F l u o r i d e  Depleted R a t s  
G. Con t ro l  Data 

DISCUSS I O N  

B IB LIOGRAPHY 



LIST OF TABLES 

1 LC50 OF HI? I N  SEVERAL SPECIES 

2 EXPERIMENTAL PARAihlETERS 

' 3 EXPERIMENTS PERFORlYED 

4 TOTAL AND IONIC AIRBORNE FLUORIDE CONCENTRATIONS 

5 HE' REGULATOR PRESSURE AND CHAMBER AIRBORNE FLUORIDE 
CONCENTRATIONS 

6 PULMONARY AND RENAL EFFECTS OF EXPOSURE TO 5 5  m g ~ / m 3  HI? 
FOR 6 HOURS 

7 MEASURED FLUORIDE CONCENTRATIONS I N  SOFT TISSUES OF 
RATS EXPOSED TO 5 5  mg ~ / m ~  HE' FOR 6 HOURS 

8 AF CONCENTRATIONS IN S o n  TISSUES EXPOSED TO 
5 5  mg ~ / m ~  HE' FOR 6 HOURS 

9 PULMONARY AND RENAL EFFECTS OF EXPOSURE TO 
380  mgF/m3 HE' FOR 2 HOURS 

1 0  MEASURED FLUORIDE CONCENTRATIONS IN SOFT TISSUES OF 
RATS EXPOSED TO 380 mg ~ / m ~  HF' FOR 2 HOURS 

11 AF CONCENTRATIONS I N  SOFT TISSUES OF RATS EXPOSED TO 
380  mg ~ / m ~  FOR 2 HOURS 

1 2  CHARACTERIZATION 0.F AF IN SOFT TISSUES OF RATS EXPOSED 
TO 380 mg ~ / m 3  FOR 2 HOURS 

13 PULMONARY EFFECTS OF EXPOSURE TO 11, 2 7 ,  7 2 ,  1 1 6 ,  1 4 8  
OR 1 7 9  mg ~ / m 3  HF FOR 6 HOURS 

1 4  RENAL EFFECTS OF EXPOSURE TO 11, 27,  72,  1 1 6 ,  1 4 8  OR 
1 7 9  mg ~ / m ~  HI? FOR 6 HOURS 

1 5  MFAST-TRFD FLIJORIDE CCN~WRATIONS IN SOFT TISSUES OF RATS 
EXPOSED TO 11, 2 7 ,  72,  1 1 6 ,  1 4 8  OR 1 7 9  mg ~ / m 3  HI? FOR 
6 HOURS 

1 6  AF CONCENTRATIONS IN SOFT TISSUES OF RATS EXPOSED TO 
11, 27,  72, 1 1 6 ,  148  or 1 7 9  mg ~ / m ~  HF FOR 6 HOURS 

1 7  PULMONARY AND RENAL EFFECTS I N  CHARLES RIVER RATS OF 
EXPOSURE TO 26 ,  54 ,  or 84 mg ~ / m 3  HF FOR 6 HOURS 

P a g e  

7 

1 4  

1 7  

2 4 



Table P a g e  

1 8  MEASURED FLUORIDE CONCENTRATIONS IN SOFT TISSUES OF 
CHARLES RIVER RATS EXPOSED TO 2 6 ,  54 or 84 mg ~ / r n ~  HF 
FOR 6 HOURS 8 8  

1 9  AF CONCENTRATIONS IN SOFT TISSUES OF CHARLES RIVER 
RATS EXPOSED TO 2 6 ,  54  OR 84  mg ~ / m ~  FOR 6 HOURS 9 1 

20 CHARACTERIZATION OF AF IN PLASMA OF CHAIUES RIVER RATS 

EXPOSED TO 84  mg p/m3 FOR 6 HOURS - CALCIUM P H O S P H A ~  
ADSORPTION 9 3  

2 1  PULMONARY AND RENAL EFFECTS OF EXPOSURE TO 111 mg F/m3 
PLUS WATER VAPOR 9 8 

2 2  MEASURED FLUORIDE CONCENTRATIONS IN SOFT TISSUES OF RATS 
EXPOSED TO 111 mg ~ / m ~  PLUS WATER VAPOR 1 0 0  

2 3  AF CONCENTRATIONS I N  SOFT TISSUES OF RATS EXPOSED 
TO 111 mg ~ / m ~  PLUS WATER VAPOR 1 0 2  

24  PULMONARY EFFECTS FOLLOWING EXPOSURE TO 1 0 . 2  mg ~ / r n ~  HF 
FOR 6 HOURS ' 1 0 5  

2 5  RENAL EFFECTS FOLLOWING EXPOSURE TO 1 0 . 2  mg ~ / m ~  HF1 1 0 8  

26 MEASURED FLUORIDE CONCENTRATIONS I N  SOFT TISSUES OF RATS 
SACRIFICED SERIALLY AFTER CONTROL EXPOSURE 111 

27 MEASURED FLUORIDE CONCENTRATIOKS I N  RATS SACRIFICED 
SERIALLY AFTER EXPOSURE TO 1 0  2 mg !?/m3 HF FOR 6 HOURS 1 1 2  

28 FLUORIDE RETENTION HALF-TIMES IN SOFT TISSUES OF RATS 
EXPOSED TO 10 .2  mg l?,/m3 HF FOR fi HnTTRS 1 1 8  

2 9  AF CONCENTRATION I N  SOFT TISSUES OF RATS SACRIFICED 
SERIALLY AFTER EXPOSURE TO 1 0 . 2  mg ~ / m ~  HF FOR 6 HOUXS 1 2 0  

30 URINARY IONIC FLUORIDE EXCRETION AND TOTAL FECAL 
FLUORIDE CONCENTRATION AFTER EXPOSURE TO 1 0 . 2  mg F/m3 
FOR 6 HOURS 1 2 4  

3 1  AF CONCENTRATION IN URINE AEVTER EXPOSURE TO 
1 0 . 2  m 9  F/m3 HF' FOR 6 HOURS 



Page T a b l e  

3 2 COMPARISCN OF URINARY F EXCRETION AND FEMORAL FLUORIDE 
RETENTION 131 

PULMONARY E F F E C T S  O F  EXPOSURE TO 2 4  m g  ~ / m ~  N a F  FOR 
6 HOURS 1 3 6  

RENAL E F F E C T S  O F  EXPOSURE TO 2 4  m g  ~ / m ~  N a F  FOR 6 HOURS -, 1 3 7  

MEASURED FLUORIDE CONCENTRATION I N  S O F T  T I S S U E S  OF RATS 
EXPOSED T O  2 4  m g  ~ / m ~  N a F  FOR 6 HOURS 1 4 1  

AF CONCENTRATIONS IN SOFT TISSUES OF RATS EXPOSED 
T O  2 4  mg I?/m3 N a F  FOR 6 HOURS 1 4 2  

FLUORIDE EXCRETION AND FEMORAL FLUORIDE CONTENT OF RATS 
FOLLOWING EXPOSURE TO 2 4  m g  ~ / m ~  N a F  FOR 6 HOURS 1 4 4  

A F  CONCENTXATION I N  URINE AFTER EXPOSURE TO 
2 4  m g  ~ / m ~  N a F  FOR 6 HOURS 

PULMONARY E F F E C T S  OF INTRAVENOUS I N F U S I O N  O F  
1 0 . 8  yg F / m i n  N a F  FOR 1 HOUR 

RENAL E F F E C T S  OF INTRAVENOUS I N F U S I O N  O F  
1 0 . 8  yg F / m i n  N a F  FOR 1 HOUR 

MEASURED FLUORIDE CONCENTRATIONS I N  S O F T  T I S S U E S  O F  RATS 
I N F U S E D  WITH 1 0 . 8  pg F / m i n  N a F  FOR 1 HOUR 1 5 2  

A F  CONCENTRATIONS I N  S O F T  T I S S U E S  O F  RATS I N F U S E D  
INTFGVENOUSLY WITH 1 0 . 8  ug F / m i n  N a F  1 5 4  

URINARY I O N I C  FLUORIDE EXCRETION, FECAL TOTAL FLUORIDE 
CONCENTRATION AND FEMORAL FLUORIDE CONTENT I N  RATS 
INTRAVENOUSLY I N F U S E D  WITH 1 0 . 8  yg F / m i n  N a F  FOR 1 HOUR 155 

PULMONARY E F F E C T S  O F  NOSE-ONLY EXPOSURE TO 7 5  m g  F/ m3 
HF FOR 1 HOUR 157 

RENAL E F F E C T S  O F  NOSE-ONLY EXPOSURE TO 75 m g  ~ / m ~  HF 
F O R  1 HOUR 158 

MEASURED FLUORIDE CONCENTRATIONS I N  S O F T  T I S S U E S  O F  RATS 
S A C R I F I C E D  96 HOURS AFTER THE START OF NOSE-ONLY EXPOSURE 

T O  7 5  m g  ~ / m ~  HF FOR 1 HOUR 1 6 0  



P a g e  T a b l e  

4 7  AF CONCENTRATIONS IN SOFT TISSUES OF RATS SACRIFICED 1 6 1  
96 HOURS AFTER THE START OF NOSE-ONLY EXPOSURE TO 
75 mg ~ / m ~  HE' FOR 1 HOUR 

URINARY IONIC FLUORIDE EXCRETION, FECAL TOTAL FLUORIDE 1 6 2  
CONCENTRATION AND FEi'i'ORAL FLUORIDE CONTENT AFTER NOSE-ONLY 
EXPOSURE TO 7 5  mg ~ / r n ~  FOR 1 HOUR 

AF CONCENTRATION I N  URINE AFTER NOSE-ONLY EXPOSURE TO 1 6 4  
7 5  mg ~ m / r n ~  w FOR 1 HOUR 

PULMONARY AND RENAL EFFECTS OF FLUORIDE DEPLETION 1.6 8 

MEASURED FLUORIDE CONCENTRATIONS IN SOFT TISSUES 
OF RATS DURING FLUORIDE DEPLETION 1 6 9  

AF CONCENTRATIONS IN som TISSUES OF RATS DURING 
FLUORIDE DEPLETION 1 7 1  

AF CONCENTRATION IN URINE OF RATS DURING FLUORIDE 
DEPLETION 1 7 5  

URINARY IONIC FLUORIDE EXCRETION AND FECAL TOTAL 
FLUORIDE CONCENTRATION IN PARTIALLY FLUORIDE DEPLG'TED RATS 
AFTER INTRATRACHEAL INSTILLATION OF 2 0 0  p g  F AS NaF 1 7 7  

RENAL EFFECTS IN FLUORIDE DEPLETED RATS OF INTRATRACHEAL 
OR INTRAPERITONEAL INJECTION OF 2 0 0  p g  F AS NaF 1 7 9  

URINARY IOETIC FLUORIDE EXCRETION IN FLUORIDE DEPIXI"I'D 
RATS INJECTED INTRATRACHEALLY OR INTRAPERITONEALLY 
WITH 2 0 0  p g  F AS NaF 1 8 1  

URINARY IONIC FLUORIDE EXCReTION IN NORMAL F FWTS 
AND FLUORIDE DEPLETED RATS INJECTED INTRAPENTONEALLY 
WITH 2 0 0  pg F AS NaF 1 8 2  

TOTAL FECAL FLUORIDE EXCRETION IN FLUORIDE DEPLETED RATS 
INJECTED WITH 2 0 0  p g  F AS NaF 1 8  4 

CONCENTRATION OF HI? IN CHAMBER AIR AND TRACHEAL AIR OF 
UPPER RESPIRATORY TRACT (U.R.T.) EXPOSED RATS 1 9 1  

COMPARISON OF FLUORIDE DRAWN THROUGH UPPER RESPIRATORY 
TRACT (U.R.T.) AND ESTIMATED ABSORBED FLUORIDE BURDEN 
AT END OF EXPOSURE 1 9 5  



Table 

6 1 EXPOSURE CONDITIONS FOR FLUORIDE DEPLETED RAT HF 
RE2ENTION EXPERIMENT 

PULMONARY EFFECTS OF 1 HOUR NOSE-ONLY EXPOSURE TO 
APPROXIMATELY 63 mg F/m3 HF 

RENAL EFFECTS OF 1 HOUR NOSE-ONLY EXPOSURE TO 
APPROXIMATELY 63 mg F/m3 HF 

MEASURED FLUORIDE CONCENTRATIONS IN SOFT TISSUES.OF RATS 
AFTER NOSE-ONLY EXPOSURE TO APPROXIMATELY 63 mg F/m3 HF 
FOR 1 HOUR 

AF CONCENTRATIONS IN SOFT TISSUES OF RATS AFTER 
NOSE-ONLY EXPOSURE TO APPROXIMATELY 63 mg F/m3 HF 
FOR 1 HOUR 

Page 

197 

199 

201 

URINARY IONIC FLUORIDE EXCRETION, Z'ECAL TOTAL FLUORIDE 
CONCENTRATION AND FEMORAL FTJJORIDE CONTENT FOLLOWING 
NOSE-ONLY EXPOSURE TO 63 mg F/m3 HE' FOR 1 HOUR 208 

AF CONCENTRATION IN URINE OF RATS AFTER NOSE-ONLY 
EXPOSURE TO APPROXIMATELY 63 mg F/m3 HF FOR 1 HOUR 212 

FLUORIDE CONCENTRATIONS IN UPPER RESPIRATORY TRACT 
RINSES OF RATS EXPOSED TO APPROXIMATELY 63 mg F/m3 
H F  FOR 1 HOUR 213 

FLUORIDE ON FOR OF RATS AFTER NOSE-ONLY EXPOSURE TO 
APPROXIMATELY 63 mg ~/m3 HF FOR 1 HOUR 216 

FLUORIDE CONCENTRATION IN SOFT TISSUES OF CONTROL RATS 219 

AF CONCENTRATIONS IN URINE OF CONTROL RATS 222 



LIST OF FIGURES 

F i g u r e  

1 

2 

3 

P a g e  

2 6 

2 7 

THE 2 8  LITER GLASS BATTERY JAR INHALATION CHAMBER 

GAS FLOW VERSUS HF REGULATOR PRESSURE 

SCHEMATIC DIAGRAM OF UPPER RESPIRATORY TRACT 
EXPOSURE SYSTEM 

MEASURED AIRBORNE FLUORIDE CONCENTRATION VERSUS 
EXPOSURE TIME FOR THE 55 mg ~ / m ~  H!? EXPOSURE 

MEASURE AIRBORNE FLUORIDE CONCENTRATION VERSUS 
EXPOSURE TIME FOR THE 380  mg F/m3 H!? EXPOSURE 

MEASURED AIRBORNE FLUORIDE CONCENTRATION VERSUS 
EXPOSURE TIME FOR THE 11, 27,  1 1 6 ,  1 4 8 ,  a n d  1 7 9  
mg ~ / m ~  HF COSE-RESPONSE EXPOSURES TO BLUE SPRUCE 
RATS 

LIGHT MICROGRAPH OF LUNG FROM A CONTROL AND 
HF EXPOSED RAT 

LIGHT MICROGRAPH OF KIDNEY FROM A CONTROL 
AND HF EXPOSED RAT 

BUN VERSUS LOG PLASMA IONIC FLUORIDE CONCENTRATION 

LUNG AND KIDNEY IONIC FLUORIDE CONCENTRATION 
VERSUS PLASMA IONIC FLUORIDE CONCENTRATION 

PLASMA AF CONCEER~RATION VERSUS LOG PLASMA TOTAL 
FLUORIDE CONCEWI'RATION IN BLUE SPRUCE RATS EXPOSED 
TO HE' GENERATED BY THE COMPRESSED GAS TECHNIQUE 

MEASURED AIRBORNE FLUORIDE CONCENTRATION VERSUS 
EXPOSURE TIME FOR THE 2 6 ,  54 a n d  84 mg F/m3 HF 
EXPOSURES TO CHARLES RIVER RATS 

SEPHADEX G-25 ELUTION PROFILE OF PLASMA OF 
CHARtES RIVER RATS EXPOSED TO 8 4  mg F/m3 
GENERATED BY THE AQUEOUS SYSTEM 

MDAEUI\ED AIRBORNE sLtP3RIDE ~N(JENTRAT10N VERSUS 
EXPOSURE TIME FOR THE 111 mg F/m3 HF PLUS WATER 
VAPOR HF EXPOSURE: 

MEASURED AIRBORNE FLUORIDE CONCENTRATION VERSUS 
EXPOSURE TIPIE: FOR THE 10 .2  mg F/m3 HF RETENTION 
EXPERIMENT EXPOSURE 



MEAN LUNG, PLASMA AND KIDNEY IONIC FLWRIDE 
CONCENTRATION FOLLOWING EXPOSURE TO 1 0 . 2  mg ~ / m 3  
HF VERSUS POSTEXPOSURE TIME 

LOG OF THE MEAN LUNG IONIC FLUORIDE CONCENTRATION 
FOLLOWING EXPOSURE TO 1 0 . 2  mg ~ / m ~  HF VERSUS 
POSTEXPOSURE TIME 

FEMORAL FLUORI DE CONTENT OF CONTROL AND 1 0 . 2  mg ~ / m ~  
HF EXPOSED RATS VERSUS POSTEXPOSURE TIME 

LOG OF THE MEhV DAILY URINARY IONIC FLUORIDE 
EXCRETION FOLLOWING EXPOSURE TO 1 0 . 2  mg ~ / m ~  HF 
VERSUS POSTEXPOSURF: TIME 

LOG PROBABILITY PLOT OF NaF DUST COLLECTED ON EACH 
STAGE OF MERCER IMPACTOR 

URINE VOLUME AND SPECIFIC GRAVITY FOLLOWING EXPOSURE 
TO 2 4  mg ~ / m ~  N ~ F  VERSUS POSTEXPOSURE TIME 

DAILY URINARY IONIC FLUORIDE EXCRETION OF FLUORIDE 
DEPIETED RATS VERSUS TIME ON LOW FLUORIDE DIET 

LOG OF THE MEAN DAILY IONIC FLUORIDE EXCRETICN 
OF FLWRIDE DEPUTED RATS VERSUS TIME ON LOW 
FLUORIDE DIET 

MEAN FECAL TOTAL FLUORIDE CONCENTRATION OF FLUORIDE 
DEPLETED RATS VERSUS TIME ON LOW FLUORIDE DIET 

EXPERIMEWTAL PROTOCOL FOR UPPER RESPIRATORY TRACT 
EXPOS URE 

PIASMA IONIC FLUORIDE CONCENTRATION OF UPPER 
RESPIRATORY TRACT EXPOSED RATS VERSUS HF EXPOSURE 
CONQEWTRATION 

TOTAL FEMORAL FLUORIDE CONTENT OF CONTROL RATS VERSUS 
BODY WEIGHT 

x i v  

11 5 



INTRODUCTION 

The presence  of  hydrogen f l u o r i d e  i n  t h e  atmosphere of  Venus 

(Mueller ,  1968) p o i n t s  o u t  t he  p o s s i b i l i t y  t h a t  a f r a c t i o n  of  t he  

HF p r e s e n t  i n  t h e  e a r t h ' s  atmosphere may be de r ived  from n a t u r a l  

sources .  Volcanic  a c t i v i t y  is one such n a t u r a l  source  of HF (Smith 

and Hodge, 1979) .  There can be no doubt however, t h a t  man has  

added s i g n i f i c a n t  amounts of HF t o  h i s  environment. 

Hydrogen f l u o r i d e  is a h i g h l y  c o r r o s i v e  compound wi th  a b o i l i n g  

p o i n t  of 1 9 . 5 O ~  and t h u s  can e x i s t  i n  t h e  gaseous o r  l i q u i d  s t a t e  

a t  t empera tures  near room temperature.  I n  t h e  gaseous s t a t e  HF may 

polymerize t o  form compounds up to  H6F6, however, a s  d i scussed  

by Leech (1956) ,  a t  t h e  tempera tures  and p a r t i a l  p r e s s u r e s  of HF 

encountered i n  t h e  experiments  t o  be desc r ibed  i n  t h i s  t h e s i s  

e s s e n t i a l l y  no polymer iza t ion  occurs .  Hydrogen f l u o r i d e  is 

m i s c i b l e  a t  a l l  c o n c e n t r a t i o n s  wi th  water ;  gaseous  hydrogen 

f l u o r i d e  fumes i n  mois t  a i r  (NIOSH, 1976) .  I n  aqueous s o l u t i o n  

hydrogen fluoride is a weak a c i d  (KA = 1 x . Perhaps t h e  

most widely known p r o p e r t y  of h y d r o f l u o r i c  a c i d  is t h a t  i t  

d i s s o l v e s  g l a s s .  Commercially hydrof l u o r  i c  a c i d  is used i n  g l a s s  

e t ch ing  processes .  

The Na t iona l  1 n s t i . t u t e  of Occupat iona l  S a f e t y  and Heal th  (1976) 

e s t i m a t e s  t h a t  22,000 workers a r e  p o t e n t i a l l y  exposed t o  HF i n  t h e  

United S t a t e s .  Hydrogen f l u o r i d e  is used i n  t he  product ion  of 

c r y o l i t e  i n  t h e  aluminum i n d u s t r y  and i n  t h e  manufacture of 



f l uo roca r  bon compounds. These two uses  account  f o r  approximately 

80% of t h e  400,000 tons  o f  HE' consumed i n  t h e  United S t a t e s  i n  1974 

(NIOSH, 1976) . Considerable  amounts of gaseous f l u o r  i d e s ,  

~ r i n c i ~ a l l ~  HF and SiF4  a r e  r e l e a s e d  du r ing  t h e  product ion  of  

phosphoric  a c i d  and phosphate f e r t i l i z e r s .  I n  t h i s  p roces s  d r y  

phosphate  rock ,  which c o n t a i n s  3.5-4.2% f l u o r i d e ,  i s  t r e a t e d  w i t h  

a c i d ,  t he reby  conve r t ing  t h e  f l u o r i d e  t o  v o l a t i l e  forms. The HF 

formed i n  t h i s  process  may r e a c t  w i th  t h e  s i l i c a  i n  t h e  rock t o  

form S iF  (Rye, 1961) . NIOSH (1976) recommends a s t a n d a r d  of  2 .5  4 

mg/rn3 F a s  H F  f o r  up t o  a 10 hour workday and a 40 hour work week. 

Hodge and Smith (1977) have r e c e n t l y  reviewed t h e  l i t e r a t u r e  

concerning occupa t iona l  exposure t o  f l u o r i d e .  I n  t h e  workplace 

atmosphere numerous o t h e r  fluorocompounds , e i t h e r  p a r t i c u l a t e  or  

gaseous,  a r e  always p r e s e n t  wi th  HF. Consequent ly ep idemiologic  

s t u d i e s ' d o  not d i s c r i m i n a t e  t h e  e f f e c t s  of  HE' f r m  t h o s e  of o the r  

fluorocompounds. I n  g e n e r a l ,  these s t u d i e s  have r evea l ed  no t o x i c  

e f f e c t s  excep t  i n  t h e  bone fo l lowing  ch ron ic  exposure  t o  

3 atmosph'eres con ta in ing  l e s s  than 6 mg F/m . Fluor ide  accumulates  

i n  t h e  bone and may, i f  enough of t h i s  i o n  is depos i t ed  i n  t h i s  

t i s s u e ,  l e a d  t o  c r i p p l i n g  f l u o r o s i s .  This  c o n d i t i o n  i s  

c h a r a c t e r i z e d  by o s  t e o s c l e r o s i s  , e x o s t o s e s  of bone and 

c a l c i f i c a t i o n  of  l igaments  (Hodge and Smith, 1977) . Many yea r s  of 

exposure a r e  r e q u i r e d  f o r  t h i s  ' c o n d i t i o n  t o  develop. In  a l l  

e p i d e m i o l i g i c  s t u d i e s  i n  which i t  was measured, u r i n a r y  f l u o r i d e  

e x c r e t i o n  was inc reased  by occupa t iona l  exposure  t o  f l u o r i d e  



c o n t a i n i n g  atmospheres i n d i c a t i n g  t h a t  exposed i n d i v i d u a l s  absorb  

s i g n i f i c a n t  amounts o f  f l u o r i d e .  Machle and Evans (1940) r e p o r t e d  

no abnormal c h e s t  or  bone r a d i o g r a p h i c  o r  hematologic  f i n d i n g s  i n  

men e-osed t o  and CaF i n  t h e  manufacture of HF. Airborne 2 
3 f l u o r i d e  l e v e l s  were o c c a s i o n a l l y  a s  high a s  21 mg F/m . Rye 

(1961) s t u d i e d  i n d i v i d u a l s  exposed t o  f l u o r i d e s  involved  i n  a  rock 

phosphate  o p e r a t i o n .  H e  d i d  no t  d e t e c t  a  s i g n i f i c a n t  i n c r e a s e  i n  

any p a r t i c u l a r  t y p e  of g a s t r o i n t e s t i n a l  or  r e s p i r a t o r y  complaint  i n  

exposed wor kers  . Airborne f l u o r i d e  c o n c e n t r a t i o n s  were main ta ined  

belaw 3 mg ~ / m ~ .  Der ryber ry ,  e t  a l .  (1963) i n v e s t i g a t e d  t h e  

h e a l t h  of 74 men exposed t o  f l u o r i d e  gases  and d u s t s  i n  a  phosphate 

f e r t i l i z e r  manufactur ing p l a n t .  Airborne f l u o r i d e  c o n c e n t r a t i o n s  

3 were c a l c u l a t e d  t o  be l e s s  than 4.5 mg F/m . C l i n i c a l  

examinat ion r evea l ed  no i n c r e a s e d  inc idence  of p o s i t i v e  p h y s i c a l  

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

g e n i t o u r i n a r y  o r  muscu loske le t a l  systems of t h e s e  f l u o r i d e  exposed 

i n d i v i d u a l s  compared t o  a  c o n t r o l  group matched f o r  age,  s e x  and 

socioeconomic c l a s s .  Medical h i s t o r i e s  r evea l ed  an i n c r e a s e d  

inc idence  of pneumonia, p l e u r i s y  and i n f l u e n z a  i n  t he  exposed 

group. Derryberry , e t  a 1  . r e p o r t e d  "minimal or q u e s t i o n a b l e  

deg rees  of i nc reased  bone dens i ty"  measured i n  c h e s t  and p e l v i c  

r ad iog raphs ,  but t h e  e f f e c t s  d i d  not  c o r r e l a t e  w i th  f l u o r i d e  

exposure a s  measured by l e n g t h  of  empioyment or  u r i n a r y  f l u o r i d e  

l e v e l s .  These au tho r s  a l s o  r e p o r t e d  a  s l i g h t  i n c r e a s e  (p<O. 10 

compared t o  c o n t r o l )  i n  i nc idence  of a lbuminuria .  Other c l i n i c a l  



s t u d i e s  have not  seen t h i s  e f f e c t .  I n  over 41,000 u r i n e  samples 

c o l l e c t e d  f rcan workers  i n  t h e  aluminum i n d u s t r y  no c o r r e l a t i o n  

between inc reased  inc idence  of  p r o t e i n u r i a  and u r i n a r y  f l u o r i d e  was 

seen  (Dinman, e t  a l . ,  1976) . Though inc reased  bone d e n s i t y  was 

d e t e c t e d  i n  wor kers exposed t o  as much a s  6 mg l?/m3 i n  an 

aluminum s n e l t e r  , no i n c r e a s e  i n  g a s t r o i n t e s t i n a l  or  g e n i t o u r i n a r y  

d i s e a s e  o r  i n  c h r o n i c  o b s t r u c t i v e  pulmonary d i s e a s e  was d e t e c t e d  

( K a l t r e i d e r  , e t  a l . ,  1972) . Diagnos is  of c h r o n i c  o b s t r u c t i v e  

pulmonary d i s e a s e  was based on c h e s t  rad iographs  and f o r c e d  v i t a l  

capac i  t i e s  . 
S l i g h t  i r r i t a t i o n  of the f a c e ,  nose  and eyes  was exper ienced  by 

3 men exposed t o  1.1 - 3.7 mg F/m HF i n  an i n v e s t i g a t i o n  of the 

u r i n a r y  f l u o r i d e  e x c r e t i o n  a f t e r  HF exposure (Largent ,  1961) .  A t  

3 26 mg/m3 HF ( 2 5  mg l?/m ) mi ld  i r r i t a t i o n '  o f  the e y e s ,  nose  and 

l a r g e r  a irways is repor t ed  (Machle, e t  a l . ,  1934) . A t  48 mg l?/m3 

t h e r e  is a marked c o n j u n t i v a l  and n a s a l  i r r i t a t i o n  and t i c k l i n g  and 

d i s m m f o r t  i n  t h e  l a r g e r  a irways upon i n s p i r a t i o n .  A c o n c e n t r a t i o n  

of  95 mg l?/m3 was the h i g h e s t  t h a t  would be t o l e r a t e d  by humans 

f o r  1 minute. A t  t h i s  c o n c e n t r a t i o n  t h e  effects were s i m i l a r  t o  

t hose  r e p o r t e d  f o r  48 mg l?/m3 HF. Largent  (1961) r e p o r t e d  

exposure t o  420-850 mg ~ / m '  HF causes  extreme p a i n  i n  t h e  e y e s ,  

nose, mouth, pharynx and t h e  upper c h e s t  of humans. Th i s  high 

c o n c e n t r a t i o n  a l s o  causes  watery d i s c h a r g e s  from the  eyes  and nose ,  

coughing, gasp ing  and laryngospasn.  Two humans exposed t o  HF when 

a 2 l i t e r  b o t t l e  of  h y d r o f l u o r i c  a c i d  exploded d i e d  w i t h i n  10 hours  



of  the a c c i d e n t  (Greendyke and Hodge, 1964) . I n  both men s e v e r e  

pulmonary edema was thought  t o  be t h e  cause  of dea th .  Blood 

f l u o r i d e  c o n c e n t r a t i o n s  a t  t h e  t ime of  dea th  were 3 and 4  pg/ml 

i n  t h e s e  men (normal l e v e l  l e s s  than 0.1 pg/ml) . 
Inha led  HF is thought  t o  be r a p i d l y  absorbed  and e x c r e t e d  by 

the  human. Rye (1961) i n v e s t i g a t e d  t h e  u r i n a r y  f l u o r i d e  e x c r e t i o n  

i n  humans exposed t o  a tmospher ic  f l u o r i d e s  a t  a  rock phosphate  

p l a n t .  The p ropor t ions  of gaseous and p a r t i c u l a t e  f l u o r i d e  was not  

given.  Peak u r i n a r y  f l u o r i d e  e x c r e t i o n  ( f l u o r i d e  e x c r e t e d  pe r  two 

hour c o l l e c t i o n  pe r iod )  occu r red  2-4 hours  a f t e r  t h e  end of  

exposure.  Ur inary  f l u o r i d e  c o n c e n t r a t i o n  d i d  not  r e t u r n  t o  c o n t r o l  

l e v e l s  u n t i l  3 days  fo l lowing  t h e  exposure.  C o l l i n g s ,  e t  a l .  

(1951) i n v e s t i g a t e d  t h e  f l u o r i d e  e x c r e t i o n  i n  two s u b j e c t s  exposed 

t o  an i n d u s t r i a l  environment c o n t a i n i n g  f l u o r i d e  " p r i n c i p a l l y  i n  

t h e  gaseous s t a t e ,  i n  t h e  form of HE' and SiF4I1 for  8 hours .  

P a r t i c u l a t e  f l u o r i d e  c o n s t i t u t e d  l e s s  t han  5% of t h e  t o t a l  a i r b o r n e  

f l u o r i d e .  Peak u r i n a r y  f l u o r i d e  e x c r e t i o n  ( f l u o r i d e  e x c r e t e d  per 2 

hour c o l l e c t i o n  p e r i o d )  occurred  2-4 hours a f t e r  t h e  end of 

exposure.  The t i m e  weighted average  f l u o r i d e  c o n c e n t r a t i o n  for t h e  

3 exposure was 3 . 3  mg F/m . Ur ina ry  f l u o r i d e  e x c r e t i o n  w a s  

e l e v a t e d  over c o n t r o l  l e v e l s  d u r i n g  t h e  day of t h e  exposure and 

du r ing  t h e  succeeding  day. Of the  t o t a l  excess  f l u o r i d e  e x c r e t e d  

by t h e  two s u b j e c t s  (9.5 mg and 8.6 mg) 8 and 15% was e x c r e t e d  

d u r i n g  the  day fo l lowing  exposure.  I f  a  v e n t i l a t i o n  r a t e  of 

I 8 l/min is assumed then  i t  is e s t ima ted  t h a t  each s u b j e c t  i n h a l e d  



1 3  mg f l u o r i d e .  Largent  (1961) s t u d i e d  t h e  f l u o r i d e  e x c r e t i o n  i n  5 

s u b j e c t s  exposed t o  HF a t  c o n c e n t r a t i o n s  ranging  from 1.1 - 3 . 8  

mg ~ / m ~  f o r  6  hours  per day,  5  days per  week f o r  a  t o t a l  of 10-50 

days. Largent  s t a t e d  t h a t  i n h a l a t i o n  o f  HE' caused a  prompt 

i n c r e a s e  i n  t h e  u r i n a r y  f l u o r i d e  e x c r e t i o n .  I n  summary, s t u d i e s  on 

man have shown t h a t  a i r b o r n e  f l u o r i d e s  may be r a p d i l y  absorbed when 

inha led  a s  evidenced by a  prompt i n c r e a s e  i n  u r i n a r y  f l u o r i d e  

e x c r e t i o n .  However, i n  o n l y  one s tudy  (Largent ,  1961) was HF' t h e  

s o l e  source  of a i r b o r n e  f l u o r i d e .  I n  t h e  o t h e r  s t u d i e s ,  t h e  

chemical n a t u r e  of t h e  a i r b o r n e  f l u o r i d e  was poor ly  de f ined .  

Exposure t o  a i r b o r n e  HE' produces r e p i r a t o r y  t r a c t  i r r i t a t i o n  and 

can cause dea th  presumably due t o  pulmonary edema, i f  t h e  exposure 

is seve re  enough. No c o n s i s t e n t  e f f e c t  of c h r o n i c  exposure t o  low 

l e v e l s  of a i r b o r n e  f l u o r i d e  is e v i d e n t  i n  any t i s s u e  excep t  bone. 

There have been s e v e r a l  i n v e s t i g a t i o n s  of  t h e  m o r t a l i t y  i n  

animals  fo l lowing  exposure t o  a i r b o r n e  HF. The r e s u l t s  of t h e s e  

s t u d i e s  are summarized i n  Table  1. I n  t h e s e  s t u d i e s  m o r t a l i t y  was 

monitored f o r  1-4 weeks fo l lowing  exposure but  u s u a l l y  occu r red  

w i t h i n  24 hours .  A s  can be seen  high c o n c e n t r a t i o n s  compared t o  

3 t h e  recommended s t a n d a r d  of  2.5 mg F/m a r e  neces sa ry  t o  cause  

m o r t a l i t y .  A s  t h e  l e n g t h  of  exposure  i n c r e a s e s  t h e  LC50 

dec reases .  Some s p e c i e s  d i f f e r e n c e s  a r e  a l s o  e v i d e n t ,  v i z .  t h e  

mouse appears  t o  be more s e n s i t i v e  t o  HF than  t h e  r a t .  I n  each of 

t hese  s t u d i e s  it was r epor t ed  t h a t  HF induced n a s a l  i r r i t a t i o n .  

T h i s  i r r i t a t i o n  was shown by mucoid d i s c h a r g e  from t h e  nose, 



TABLE 1 

Exposure 
t ime 

5 minute 

5 minute 

5 minute 

15 minute 

30 minute 

60 minu te  

60 minute 

60 minu te  

LC50 OF HF I N  SEVERAL SPECIES 

LC50 Species Reference 
(mg F/m3) 

5,000 mouse D i  Pasquale and Davis  (1971) 

14,400 r a t  It 

4,060 r a t  Rosenholtz, -- e t  a l .  (1963) 

2,200 r a t  II 

1,670 r a t  I# 

1,070 r a t  It 

1,100 r a t  Woh 1 s 1 age1 , -- e t  a1. (1976) 

270 mou se I t  



sneez ing ,  pawing a t  t h e  nose and/or n a s a l  pa thology.  Pulmonary 

damage was a common f i n d i n g  a f t e r  t h e s e  HF exposures .  Pulmonary 

edema and hemmorrhage occurred  i n  t h e  r a b b i t  and guinea p i g  

(Machle , e t  a l . ,  1934) , and t h e  r a t  and mouse ( D i  Pasquale  and 

Davis ,  1971; Wohlslagel ,  e t  a l . ,  1976) a f t e r  t h e s e  exposures .  

Rosenhol tz ,  e t  a l .  (1963) observed  mucosal and submucosal n e c r o s i s  

of the  a n t e r i o r  p o r t i o n  o f  the n a s a l  passages  i n  t h e  r a t  a f t e r  

exposure  t o  HF but  made no mention of pulmonary damage. These 

au tho r s  a l s o  observed proximal tubular  n e c r o s i s  of the kidney i n  

t h e s e  exposed r a t s .  S i m i l a r  r e n a l  i n j u r y  has been r e p o r t e d  t o  

occur i n  t h e  r a t  a f t e r  a c u t e  sodium f l u o r i d e  i n t o x i c a t i o n  (Taylor ,  

e t  a l . ,  1961) .  -- 

Pulmonary and r e n a l  i n j u r y  have been observed i n  s e v e r a l  

s p e c i e s  a f  t e r  c h r o n i c  HF exposure.  Machle and K i t z m i l l e r  (1935) 

exposed r a b b i t s  and guinea  p i g s  t o  14.4 mg F'/m3 HF, 6-7 hours  per 

day, 5 days per  week f o r  a t o t a l  of 309 exposure hours (50 exposure  

days)  . Pulmonary damage was ev iden t  i n  some guinea  p i g s  ( l ung  

hemorrhage and a t e l e c t a s i s )  and sane  r a b b i t s  ( inf lammation of 

a l v e o l a r  walls) . Pulmonary edema and/or hemorrhage was p r e s e n t  i n  

t h e  dog, r a t  and r a b b i t  exposed t o  25 mg/m3 HF (24 mg F'/m3) 6 

hours per day, 6 days per  week f o r  a t o t a l  of 30 exposure days 

(Stokinger  , 1949) . Thi s  exposure regimen produced 100% m o r t a l i t y  

i n  t h e  r a t  and mouse. Renal c o r t i c a l  degene ra t ion  was observed  i n  

t he  kidney o f  a l l  r a t s  exposed t o  t h i s  regimen. N o  m o r t a l i t y  o r  

p a t h o l o g i c  e f f e c t s  were observed  i n  t h e  same s p e c i e s  a f t e r  exposure  

to 7 mg ~ ' 1 1 1 ~  HF' by a s i m i l v  regimen ( S t o k i n g e ~ ,  1949) . 



I n  o n l y  a  few i n s t a n c e s  has t h e r e  been an a t t empt  t o  measure 

t h e  f l u o r i d e  burdens i n  animals  a f  t e r  t h e  exposure t o  HI?. Smith 

and Gardner (1949) measured t h e  blood f l u o r i d e  c o n c e n t r a t i o n  i n  

. r a b b i t s  immediately a f t e r  1 t o  5  days ( 6  hours  per  day) exposure t o  

29 mg/m3 W (28 mg F/rn3) . The blood f l u o r i d e  c o n c e n t r a t i o n  

averaged 0.75 pg/ml ( c o n t r o l  0.12 pg/ml) and d i d  not  appear t o  

i n c r e a s e  wi th  s u c c e s s i v e  day of exposure ,  hawever, t h e r e  was a  l o t  

of s c a t t e r  i n  t h e  d a t a .  Blood f l u o r i d e  l e v e l s  i n  r a b b i t s  

s a c r i f i c e d  f r m  1-4 days pos texposure  ranged from 0.18 t o  0.48 

g  . Machle and S c o t t  (193 5) determined bone f l u o r  i d e  con ten t  

i n  r a b b i t s  s a c r i f i c e d  9-15 months a f t e r  exposure  t o  vary ing  l e v e l s  

3 of HF. The exposures  ranged from c h r o n i c  (14.4 mg F/m x 309 

3  hour s )  t o  a c u t e  (1000 mg F/m x 1 h o u r ) .  When t h e  r a b b i t s  were 

s e p a r a t e d  i n t o  4  groups us ing  t h e  HF c o n c e n t r a t i o n  times t h e  l e n g t h  

of exposure (C x T) a s  a  measure of  the dose ,  a  dose-dependent 

i n c r e a s e  i n  bone f l u o r i d e  con ten t  was ev iden t .  Bone f l u o r i d e  

con ten t  ranged from 3-fold higher  than c o n t r o l  l e v e l s  i n  t he  lowes t  

C x T exposed group t o  13-fold h igher  i n  t h e  h i g h e s t  C x T exposed 

group. Femoral f l u o r i d e  con ten t  was measured i n  r a t s  s a c r i f i c e d  

s e r i a l l y  d u r i n g  exposure t o  25 mg/m3 HF (24 mg ~ / m ~ )  6  hours  

per  day 6 days per  week f o r  a t o t a l  of 30 exposed days (S tok inge r ,  

1949) .  The femoral  f l u o r i d e  c o n c e n t r a t i o n  i n  exposed r a t s  was a t  

l e a s t  5  t imes h igher  than  c o n t r o l  l e v e l s  and i n c r e a s e d  wi th  

inc reas ing  time of  exposure. 



S k e l e t a l  d e p o s i t i o n  of  f l u o r i d e  has been shown to  occur a£ t e r  

i n t o x i c a t i o n  wi th  o t h e r  fluorocompounds (Smith, 1966) . S i n c e  HE' is 

a  weak a c i d  complete i o n i z a t i o n  would be expec ted  a t  p h y s i o l o g i c  

pH. Thus, t h e  d i s t r i b u t i o n  of  f l u o r i d e  a f t e r  HE' exposure  would be 

expec ted  t o  be s i m i l a r  t o  t h a t  a£ t e r  a d m i n i s t r a t i o n  of  i o n i c  

f l u o r i d e .  Smith (1966) has reviewed t h e  voluminous l i t e r a t u r e  

concerning t h e  metabolism of f l u o r i d e  . 
Absorpt ion of f l u o r i d e  af t e r  i n g e s t i o n  of s o l u b l e  f l u o r i d e  

s a l t s  i s  q u i t e  r a p i d .  Wallace-Durbin (1954) r e p o r t e d  a b s o r p t i o n  of  

an i n g e s t e d  dose o f  NaF t o  be 75% complete  i n  1 hour and 90% 

complete w i t h i n  9  hours .  Peak plasma f l u o r i d e  c o n c e n t r a t i o n s  

occu r red  s h o r t l y  a f t e r  i nges t ion .  A f t e r  i n g e s t i o n  o f  NaF peak 

plasma f l u o r i d e  concen t r a t ions  occur w i t h i n  30 minutes  i n  t h e  

r a b b i t  ( H a l l ,  e t  a l . ,  1 9 7 6 ) ,  i n  90 minutes o r  l e s s  i n  t h e  r a t  (de 

Lopez, e t  a l . ,  1976) and w i t h i n  1 hour i n  t h e  human (Hennon, 

e t  a l . ,  1969) .  

A l a r g e  f r a c t i o n ,  approximate ly  50% ,of  the f l u o r i d e  absorbed 

i n t o  t h e  blood s tream d e p o s i t s  r a p i d l y  i n  t h e  s k e l e t o n .  Two 

minutes a f t e r  i n t r avenous  N ~ ' * F  i n j e c t i o n  s i g n i f i c a n t  amounts of 

f l u o r i d e  were de t ec t ed  by au to rad iog raph ic  t ech inques  i n  t h e  

s k e l e t o n  of the mouse and r a t  (Er iccson  and Ul lbe rg ,  1958) . I n  

another  s tudy  (Wallace-Durbin, 1954) 33% and 56% of an in t r avenous  

dose of  f l u o r i d e  ( a s  NaF) was accounted f o r  i n  t h e  s k e l e t o n  of the 

r a t  1 5  minutes and 1 hour a f t e r  i n j e c t i o n .  Savchuck and Armstrong 

(1951) r e p o r t e d  a  r e t e n t i o n  of  42% o f  the absorbed f l u o r i d e  du r ing  



'. 

a  60 day  f e e d i n g  s t u d y  i n  t h e  r a t .  Over t he  cou r se  o f  a  20 week 

f e e d i n g  s t u d y  approximately 58% of t h e  absorbed  f l u o r i d e  was found 

t o  be r e t a i n e d  by t h e  r a t  by Wadhwani (1953).  Once d e p o s i t e d  i n  t h e  

bone f l u o r i d e  is removed slowly. I n  r a t s  s a c r i f i c e d  150 days af t e r  

t h e  t e r m i n a t i o n  of  a  60 day  f e e d i n g  s t u d y  t h e  f l u o r i d e  c o n t e n t  of 

t h e  humeri averaged 85% of t h a t  p r e s e n t  i n  t h a t  s i t e  a t  t h e  end of 

t h e  f e e d i n g  pe r iod  (Savchuck and Armstrong, 1951) . 
F l u o r i d e  appears  t o  accumulate o n l y  i n  c a l c i f i e d  t i s s u e .  Smith, 

e t  a 1  (1960) measured t h e  f l u o r i d e  c o n c e n t r a t i o n  i n  h e a r t ,  l i v e r ,  

l ung ,  kidney and s p l e e n  o b t a i n e d  a t  au topsy  from human s u b j e c t s  

l i v i n g  i n  communities w i th  d i f f e r i n g  amounts of f l u o r i d e  i n  t h e i r  

water  s u p p l i e s .  I n  none of t h e s e  t i s s u e s  was t h e r e  any ev idence  of 

accumulat ion of f l u o r i d e .  I n  t h e  r a t ,  t h e  c o n c e n t r a t i o n  o f  f l u o r i d e  

i n  a l l  s o f t  t i s s u e s  analyzed excep t  kidney was found t o  be l e s s  t han  

or equa l  t o  t h e  f l u o r i d e  c o n c e n t r a t i o n  i n  plasma a t  s e v e r a l  times up 

t o  9  hours a f t e r  i n t r avenous  a d m i n i s t r a t i o n  o f  NaF (Car l son ,  e t  a l . ,  

1960c; Wallace-Dur b in ,  1954) . 
Fluor ide  is r a p i d l y  e x c r e t e d  i n t o  t h e  u r i n e .  I n  humans peak 

u r i n a r y  f l u o r i d e  concen t r a t ions  occur  between 1 and 2  hours a f t e r  

i n g e s t i o n  o f  NaF (Z ipk in  and Leone, 1970 ; Hennon, e t  a l . ,  1969) . 
Wallace-Durbin found 31% of an in t r avenous  dose o f  f l u o r i d e  ( a s  NaF) 

t o  be e x c r e t e d  i n  t he  u r i n e  w i t h i n  9  hours .  Humans e x c r e t e d  a  mean 

of 54% of an  o r a l  dose o f  f l u o r i d e  ( a s  NaF) i n  2 4  hours (Zipkin  and 

Leone, 1970) . By 24 hours  a f t e r  i n g e s t i o n  t h e  u r i n a r y  f l u o r i d e  

e x c r e t i o n  had r e t u r n e d  t o  c o n t r o l  l e v e l s  i n  t h e s e  i n d i v i d u a l s .  A 



mean u r i n a r y  e x c r e t i o n  of  47.6% o f  an i n g e s t e d  f l u o r i d e  dose  

occu r red  wi th in  24 hours  i n  another  s tudy  (Hennon, e t  a l . ,  1969) . 
Over the  cou r se  of  a  20 week f e e d i n g  s t u d y  ( 2  mg F- a s  NaF p.0. 

per day) 42% of t h e  admin i s t e r ed  dose was e x c r e t e d  i n  t h e  u r ine  by 

t h e  r a t  (Wadhwani, 1953) . The r ecove ry  o f  f l u o r i d e  i n  t h i s  s tudy  

was 99%. Very. l i t t l e  f l u o r i d e  was found i n  t h e  s o f t  t i s s u e s  of 

t h e s e  an imals  wh i l e  l a r g e  concen t r a t ions  were p r e s e n t  i n  bone. 

I n  summary, t h e  a b s o r p t i o n ,  d i s t r i b u t i o n  and e x c r e t i o n  of 

f l u o r i d e  appears  t o  be s i m i l a r  i n  an imals  and man. Af te r  i n g e s t i o n  

o f  NaF, f l u o r i d e  is r a p i d l y  absorbed.  A l a r g e  f r a c t i o n  of t h e  

absorbed dose d e p o s i t s  i n  t h e  s k e l e t o n ,  a  s i t e  from which i t  is 

s lowly  removed. The remaining f r a c t i o n  is e x c r e t e d  i n  t h e  u r ine .  

There appears  t o  be no accumulat ion of f l u o r i d e  i n  s o f t  t i s s u e s .  

Thus, q u a n t i f i c a t i o n  of t h e  s k e l e t a l  f l u o r i d e  d e p o s i t i o n  and/or 

u r i n a r y  f l u o r i d e  e x c r e t i o n  may provide a  good e s t i m a t e  of the 

absorbed f l u o r i d e  dose i f  it were u n k n m .  

The e f f e c t s  of HE' i n  an imals  and man a r e  s i m i l a r .  Exposure t o  

HE' r e s u l t s  i n  t h e  a b s o r p t i o n  of s i g n i f i c a n t  amounts o f  f l u o r i d e  i n  

the  body. This  has been shown i n  an imals  by dose-dependent and 

time dependent i n c r e a s e s  i n  bone f l u o r i d e  and i n  o n l y  one s tudy  by 

e l e v a t e d  plasma f l u o r i d e  concen t r a t ions  a f t e r  exposure.  I n  man 

s i g n i f i c a n t  e l e v a t i o n s  i n  u r i n a r y  f l u o r i d e  e x c r e t i o n  occur  

f o l l m i n g  exposure t o  HE'. The promptness of the i n c r e a s e  i n  

u r i n a r y  f l u o r i d e  e x c r e t i o n  s u g g e s t s  t h a t  i n h a l e d  HF is r a p i d l y  

absorbed.  Ekposure t o  high l e v e l s  of H F  causes  d e a t h  a p p a r e n t l y  



due t o  r e s p i r a t o r y  i n s u f f i c i e n c y .  I n  a l l  s p e c i e s  s t u d i e d ,  

i n c l u d i n g  man, pulmonary edema and hemorrhage is a common f i n d i n g  

a f t e r  HE' i n h a l a t i o n .  Exposure t o  HE' l e a d s  t o  r e n a l  damage i n  t h e  

r a t ;  no clear c u t  e f f e c t s  o f  HE' exposure  on r e n a l  f u n c t i o n  have 

been demonstrated i n  man. 

The experiments  desc r ibed  i n  t h i s  t h e s i s  were performed t o  g a i n  

some q u a n t i t a t i v e  in fo rma t ion  on t h e  e f f e c t s  of i n h a l e d  HF. 

c o n s i d e r a b l e  emphasis was p laced  on t h e  a b s o r p t i o n ,  d i s t r i b u t i o n  

and e x c r e t i o n  o f  f l u o r i d e  a s  a  r e s u l t  o f  HF exposure.  Male Long 

Evans r a t s  were used i n  every  experiment .  The parameters  examined 

fo l lowing  each exposure a r e  shown i n  Table 2. During e v e r y  

exposure a i r b o r n e  HE' l e v e l s  were determined by a  mod i f i ca t ion  of  

t h e  N. 1.0. S.H. (1976) recommended technique.  The e f f e c t s  o f  HE' on  

t h e  lung  were a s se s sed  by lung  h i s t o l o g y  and g r a v i m e t r i c  a n a l y s i s .  

The lung  wet weight  t o  d ry  weight r a t i o  is perhaps t h e  most 

s e n s i t i v e  measure of lung  water con ten t  (S taub ,  1974) . After  

q u a n t i f i c a t i o n  of t h e  lung  water  c o n t e n t  fo l lowing  HE' exposure  it 

was hoped t o  s t u d y  t h e  pa thogenes is  of HF-induced pllmonary edema. 

However, t h e  exposure  regimens used i n  t h i s  i n v e s t i g a t i o n  d i d  not  

produce pulmonary edema i n  t h e  r a t .  

~ i d n e y  h i s t o l o g y ,  blood u rea  n i t r o g e n  , u r i n e  o u t p u t ,  u r i n e  

s p e c i f i c  g r a v i t y  and u r i n a r y  p r o t e i n  e x c r e t i o n  were monitored t o  

a s s e s s  r e n a l  damage fo l lowing  HE' exposure.  The f l u o r i d e  i o n  

produces r e n a l  t o x i c i t y  (Taylor ,  e t  d l . ,  1961) and has been shown 

t o  induce a  d i u r e s i s  i n  t h e  r a t  (Whitford and Taves, 1 9 7 3 ) .  



TABLE 2 

EXPERIMENTAL PARAMETERS 

I Experimental Conditions 

I1 Effects of Exposure 

A. Pu lmonary Effects  

B. Renal Effects 

I I1 Fluoride Retention and Excretion 

A. Soft  Tissue Fluoride Retention 

1. Total and Ionic Fluoride Concentration 

2. AF Concentration 

a. Characterization of AF 

B. F l  uori de Excretion and Skel eta1 Deposition 

1. Uri nary F Excret i on 

a. Ionic  Fluoride Content 

b.  AF Concentration 

2. Fecal Fluoride Concentration 

3. Femoral Fluoride Concentration 

C. Sources of Fluoride 



To i n v e s t i g a t e  t h e  d i s t r i b u t i o n  of f l u o r i d e  a f t e r  exposure t o  

HF t h e  f l u o r i d e  c o n c e n t r a t i o n  i n  t h e  lung ( t h e  presumed s i te  of 

e n t r y ) ,  t h e  plasma ( a s  a  measure of the sys t emic  f l u o r i d e  burden) ,  

t h e  kidney ( t h e  s i te  of  f l u o r i d e  e x c r e t i o n )  and t h e  femur ( a s  a  

r e p r e s e n t a t i v e  sample of the s k e l e t o n ,  t h e  s i t e  of  f l u o r i d e  

depos i t i on )  were measured. S i n c e  r e c e n t  ev idence  s u g g e s t s  t h a t  a l l  

of the f l u o r i d e  p r e s e n t  i n  plasma is not i o n i c  i n  n a t u r e  (Taves, 

1968a; GUY, -- e t  a l . ,  1976; Ophang and S i n g e r ,  1977) , both  t o t a l  and 

i o n i c  f l u o r i d e  concen t r a t ions  were measured i n  t h e  plasma, l u n g  and 

kidney o f  HF exposed r a t s .  Whole body exposure  t o  HF r e s u l t e d  i n  

dose-dependent i n c r e a s e s  i n  t o t a l  f l u o r i d e  c o n c e n t r a t i o n ,  i o n i c  

f l u o r i d e  concen t r a t ion  and i n  t h e  c o n c e n t r a t i o n  of a  non-ionic 

f l u o r i d e  component (s) r e f e r r e d  t o  i n  t h i s  t h e s i s  as the  AF 

f r a c t i o n .  A few p r e l i m i n a r y  i n v e s t i g a t i o n s  on t h e  n a t u r e  of t h e  

AF f r a c t i o n  were a l s o  performed. 

F luo r ide  e x c r e t i o n  i n  u r i n e  and f e c e s  was a l s o  measured a f t e r  

HF exposure. Both i o n i c  and t o t a l  f l u o r i d e  c o n c e n t r a t i o n  i n  u r i n e  

was determined. T o t a l  f e c a l  c o n c e n t r a t i o n  w a s  determined.  A t  the  

end of each experiment  t h e  f l u o r i d e  e x c r e t i o n  d a t a ,  t h e  f m o r a l  

* f l u o r i d e  c o n t e n t ,  and t h e  s o f t  t i s s u e  f l u o r i d e  c o n c e n t r a t i o n s  were ' 

compared i n  an a t t empt  t o  in£  e r  same i n fo rma t ion  on t h e  s i t e  of 

a b s o r p t i o n ,  t h e  r a t e  of abso rp t ion  and t h e  s o u r c e s  of absorbed 

f l u o r i d e  i n  t h e  HF exposed rats. 

I n  a d d i t i o n  t o  whole body and nose-only HF exposures ,  s e v e r a l  

s u p p o r t i v e  experiments  on t h e  a b s o r p t i o n ,  d i s t r i b u t i o n  and 



e x c r e t i o n  of  f l u o r i d e  were per formed. The experiments  desc r ibed  i n  

t h i s  t h e s i s  a r e  l i s t e d  i n  Table 3. I n  t h e  f i r s t  g roup of 

experiments  r a t s  were s u b j e c t e d  t o  whole body exposure t o  HF o r  

NaF. Af t e r  complet ion of two p r e l i m i n a r y  range  f i n d i n g  exper iments  

a dose response  experiment was performed i n  which groups of r a t s  

o b t a i n e d  from Blue  Spruce Farms s u p p l i e r s  were exposed t o  one o r  

another  of 6 d i f f e r e n t  concen t r a t ions  of a i r b o r n e  HF. Due t o  an 

a d m i n i s t r a t i v e  e r r o r  (not  o u r s )  s e v e r a l  groups of r a t s  o b t a i n e d  

from Char l e s  River  Labora to r i e s  were a l s o  exposed t o  HJ?. I n  one 

experiment  t h e  e f f e c t  of i n c r e a s e d  r e l a t i v e  humidi ty on  HF t o x i c i t y  

(Blue Spruce r a t s )  was examined. A l a r g e  group o f  r a t s  was exposed 

t o  HF and s a c r i f i c e d  s e r i a l l y  up t o  42 days pos texposure  t o  

i n v e s t i g a t e  t h e  r e t e n t i o n  of f l u o r i d e  a f t e r  a s i n g l e  exposure. To 

o b t a i n  b a s e l i n e  d a t a  f o r  comparison t o  HF, rats were exposed to  NaF 

d u s t  . 
The r e s u l t 3  of the  whole body HF and NaF r e t e n t i o n  experiments  

sugges ted  t h a t  cons ide rab le  amounts o f  f l u o r i d e  d e p o s i t  on t h e  f u r  

dur ing  exposure and were then  i n g e s t e d  due t o  preening  a c t i v i t y .  

Therefore ,  it was decided t o  expose r a t s  t o  Hl? by a regimen i n  

which o n l y  t h e  nose  was i n  c o n t a c t  w i th  H F  atmospheres.  These 

nose-only exposures  were of 1 hour d u r a t i o n .  To ga in  b a s e l i n e  d a t a  

r a t s  were s u b j e c t e d  t o  i n t r aveous  i n f u s i o n  of f l u o r i d e  ( a s  NaF) f o r  

1 hour. Then a s  a p re l imina ry  experiment  t o  q u a n t i f y  t h e  r e sponse  

t o  nose-only exposure ,  r a t s  main ta ined  on t h e  normal pu r ina  chow 

d i e t  were nose-only exposed t o  HF. Th i s  exposure  regimen d i d  no t  



TABLE 3 

EXPERIMENTS PERFORMED 

I Whole Body Exposure 

A. P r e l i m i n a r y  Experiments 

1. 55 mg ~ / m 3  

2. 380 mg ~ / m 3  

B. Dose-Response Experiment 

1. Blue Spruce Rats 

2. Char les R i v e r  Rats 

3. E f f e c t  o f  Water Vapor 

C. HF Re ten t i on  Experiment 

D. NaF Retent ion  Experiment 

I 1  Nose-Only and Non-i nhal a t i o n  Exposures 

A. In t ravenous NaF I n f u s i o n  

B. HF Re ten t i on  i n  Normal F Rats 

C. F l u o r i d e  Dep le t i on  Experiment 

D. F l u o r i d e  I n j e c t i o n  

E. Upper Resp i ra to ry  T r a c t  Exposure 

F. HF Re ten t i on  i n  F Depleted Rats 



greatly increase urinary fluoride concentratibn over control 

levels.  I t  was, therefore, decided t o  maintain ra ts  on a low 

fluoride diet prior to HE' exposure. Before th i s  exposure was 

undertaken, the ra te  of fluoride depletion in untreated ra t s  on low 

fluoride diet and the fluoride excretion of the fluoride depleted 

ra t  af ter  fluoride injection were investigated. Next an experiment 

in which the upper respiratory t r ac t  of the r a t  was isolated was 

performed to determine the fractional deposition of inhaled HF in  

t h i s  s i te .  I n  the f ina l  experiment fluoride depleted ra ts  were 

sacrificed a t  various times a£ ter nose-only HF exposure to 

investigate the retention of fluoride after th i s  exposure regimen. 



METHODS AND MATERIALS 

Animal Care and s a c r i f i c e  Procedure 

Male Long Evans r a t s  ob ta ined  from Blue Spruce Farms 

(Altamount, NY) o r  Cha r l e s  River L a b o r a t o r i e s  (Wilmington, MD) were 

used i n  a l l  experiments  and a t  a l l  t imes  were housed and maintained 

according t o  r u l e s  promulagated by t h e  American P h y s i o l o g i c a l  

Soc ie ty .  Rats  from Blue Spruce Farms were used u n l e s s  i n d i c a t e d  

o therwise .  The r a t s  were maintained on Pur ina  r a t  chow 

(Ralston-Purina,  S t .  Louis ,  MO; f l u o r i d e  c o n c e n t r a t i o n  25-35 

yg/g) and t a p  water ( f l u o r i d e  c o n c e n t r a t i o n  1 pg/ml). P r i o r  t o  

some experiments  r a t s  were f e d  low f l u o r i d e  d i e t  (Teklad Tes t  

D i e t s ,  Madison, W I ;  f l u o r i d e  c o n c e n t r a t i o n  0.7 pg/g) and 

d i s t i l l e d  water ( f l u o r i d e  c o n c e n t r a t i o n  l e s s  than 0.01 pg/ml). 

Those exper iments  i n  which r a t s  were f e d  low F d i e t  a r e  s p e c i f i e d  

i n  t h e  t e x t .  

A l l  animals  were s a c r i f i c e d  by an i n t r a p e r  i t o n e a l  i n j e c t i o n  of 

approximately 100 mg/kg sodium p e n t o b a r b i t a l  (V. Pento,  A. J.Buck 

and Son, Cockeysv i l l e ,  MD) . Approximately 8 m l  of blood f o r  

a n a l y s i s  was removed by c a r d i a c  puncture  wi th  a  hepa r in i zed  s y r i n g e  

wh i l e  t h e  h e a r t  was s t i l l  bea t ing .  

The t r a c h e a  was then  c u t  j u s t  below t h e  l a r y n x ,  and t h e  lung 

and t r a c h e a  removed from the t h o r a c i c  c a v i t y  and trimmed f r e e  of 

excess  t i s s u e .  I n  one r a t  pe r  s a c r i f i c e  group fo l lowing  whole body 

exposure,  t h e  e n t i r e  l ung  and t r a c h e a  were f i x e d  i n t a c t  i n  10% 

buffered  formal in .  These lungs  were t o  be used f o r  i n v e s t i g a t i o n  



of  the zonal  d i s t r i b u t i o n  of  any pulmonary edema produced by H F  

i n h a l a t i o n .  I n  a l l  o the r  r a t s  t h e  t r a c h e a  and major bronchi  were 

removed a t  t h e i r  p o i n t  of en t rance  i n t o  t h e  lung  parenchyma and t h e  

lung  was weighed. Approximately one-half of t h e  l e f t  l ung  was 

p laced  i n  a t a r e d  t e s t  tube t o  be d r i e d  t o  c o n s t a n t  weight a t  

60-80°c f o r  de t e rmina t ion  of  1ung.wet  weight t o  d r y  weight  

r a t i o .  A s e c t i o n  taken  from t h e  c e n t r a l  p o r t i o n  of t h e  l e f t  l u n g  

was f i x e d  i n  10% buf fe red  fo rma l in  and l a t e r  embedded i n  p a r a f f i n ,  

s e c t i o n e d  a t  4 pm and s t a i n e d  wi th  hematoxylin and e o s i n  (H and 

E) f o r  l i g h t  microscopic  examinat ion.  The remaining lung  t i s s u e  

was homogenized i n  approximately 3 volumes of double d i s t i l l e d  

water i n  a g l a s s  Ten Broeck homogenizer using 4 complete s t r o k e s .  

The homogenate was then t r a n s f e r r e d  t o  a graduated  g l a s s  c y l i n d e r  

wi th  two r i n s e s  of double d i s t i l l e d  wa te r ,  t h e  f i n a l  homogenate 

c o n c e n t r a t i o n  being 6-7 p a r t s  water t o  one p a r t  lung.  

Each kidney was removed, decapsula ted  and weighed. One kidney 

was s l i c e d  i n  half l o n g i t u d i n a l l y ,  one h a l f  being f i x e d  i n  10% 

buf fe red  fo rma l in  and processed  f o r  l i g h t  microscopy i n  t h e  same 

manner a s  pulmonary t i s s u e .  The remaining r e n a l  t i s s u e  (1-1/2 

kidneys)  was homogenized i n  double d i s t i l l e d  water by t h e  same 

procedure  a s  f o r  t he  lung.  The f i n a l  t i s s u e  c o n c e n t r a t i o n  of  

kidney homogenates was 5-6 p a r t s  water  t o  1 p a r t  kidney. 

The r i g h t  femur was removed and sc raped  f r e e  of most excess  

t i s s u e  wi th  a s c a l p e l .  Femurs were s t o r e d  i n  a r e f r i g e r a t o r  u n t i l  

analyzed f o r  f l u o r i d e  con ten t .  Plasma ob ta ined  by c e n t r i f u g a t i o n  



of whole blood, t rachea  and t i s s u e  homogenates were s t o r e d  f rozen 

i n  polys tyrene  t e s t  tubes u n t i l  analyzed f o r  f l u o r i d e  content .  

Metabolic Studies  

I n  s e v e r a l  experiments r a t s  were housed i n  metabolism cages 

(Lab Products ,  Rochelle Park, N J )  af t e r  exposure t o  hydrogen 

f l u o r i d e .  Urine was c o l l e c t e d  i n  cups conta in ing thymol and 

mineral o i l .  A t  t h e  terminat ion of each c o l l e c t i o n  per iod r a t s  

were voided manually and the  cage funnel  and u r ine  cup removed and 

immediately replaced with new ones. After  removal of f eces  each 

cage funnel  below the  cages was r insed wi th  10 m l  double d i s t i l l e d  

water t o  ensure complete c o l l e c t i o n  of u r ine .  Urine volumes were 

recorded t o  the  n e a r e s t  m l  and cor rec ted  fo r  the r i n s e  water 

volume. The ur ine  volumes during s h o r t  c o l l e c t i o n  periods ( 7  hour 

per iods)  were determined by weight and s p e c i f i c  g rav i ty .  Any u r i n e  

contained i n  the  bladder upon s a c r i f i c e  was removed by syr inge  and 

added t o  the  appropr ia te  ur ine  cup. 

Urine s p e c i f i c  g r a v i t y  was determined with a hand 

rcf  rastomet er (Amer ican Opt ica l  Model 10400 TS Meter , Amer ican 

Opt ica l ,  Buffalo, NY) and cor rec ted  f o r  the  cage wash volume. 

Urinary p r o t e i n  content  was determined by the  method of Lowry a s  

modified by Schla tz  (1971) . The concentra t ions  of thymol p r e s e n t  

i n  ur ine  samples d i d  not i n t e r f e r e  with t h i s  assay.  Another 

ind ica to r  of kidney func t ion ,  blood urea n i t rogen,  was determined 

i n  plasma samples by the  method of Chaney and Mar bach (1962) . 



Exposure Condi t ions  

Male Long Evans r a t s  were exposed t o  gaseous hydrogen f l u o r i d e  

i n  e i t h e r  of s e v e r a l  d i f f e r e n t  exposure  systems. These systems 

inc luded  whole-body exposure i n  a  28 1 g l a s s  b a t t e r y  jar i n h a l a t i o n  

chamber ( p i c k l e  jar, Leach, 1963) , a modif ied p i c k l e  j a r  i n h a l a t i o n  

chamber, a 1.8 m' Rochester Chamber (Leach, e t  a l . ,  1959) , and a  

nose o n l y  exposure  i n  a  s p e c i a l l y  c o n s t r u c t e d  nose o n l y  exposure 

chamber. Each exposure system is d i scussed  i n  g r e a t e r  d e t a i l  

l a t e r .  During eve ry  exposure a i r b o r n e  HF l e v e l s  were monitored by 

a  mod i f i ca t ion  o f  the  N. I. 0. S. H. recommended technique  (NIOSH, 

1976) .  Chamber a i r  samples were drawn through two midget impingers  

i n  s e r i e s  a t  a  flow r a t e  of  0.5 l /min f o r  2 minutes  or  0.77 l/min 

f o r  1 minute.  Each impinger conta ined  1 0  m l  TISAB r a t h e r  t h a n  t h e  

NIOSH recommended 0.3 N NaOH a s  the  t r a p p i n g  a g e n t ) .  An 0.5 m l  

a l i q u o t  of t h e  f i r s t  impinger f l u i d  was added t o  1 .5  m l  TISAB and 

analyzed f o r  i o n i c  f l u o r i d e  by t h e  known a d d i t i o n  technique  t o  be 

descr ibed .  F r e s h  TISAB was p l aced  i n  t h e  f i r s t  impinger p r i o r  t o  

each sample m l l e c t i o n .  A i r  samples were drawn a t  l e a s t  every  30 

minutes dur ing  6 hour exposures  and a t  10  minute i n t e r v a l s  d u r i n g  1 

hour exposure. Less than 0.1% o f  the  f l u o r i d e  c o l l e c t e d  i n  t h e  

f i r s t  impinger w a s  found i n  t h e  second impinger i n d i c a t i n g  t h e  h igh  

c o l l e c t i o n  e f f i c i e n c y  o f  TISAB i n  t h i s  a i r  sampling system. 

Hydrogen f l u o r i d e  atmospheres were genera ted  by two , 

techniques:  the  aqueous system and t h e  compressed gas  system. The 

aqueous system c o n s i s t e d  o f  two t e f l o n  bubblers  p laced  i n  a  50°c 



water ba th  through which c l ean  room a i r  was f ed .  The f i r s t  bubbler 

conta ined  d i s t i l l e d  water and se rved  t o  humidify t h e  a i r ;  t h e  

second bubbler conta ined  24% aqueous a n a l y t i c a l  g rade  hydrof luor  i c  

a c i d  (J .T.  Baker Chemical, P h i l l i p s b u r g ,  N J )  . A i r  f lowing from t h e  

second bubbler was combined wi th  d i l u t i n g  a i r  i n  a mixing f l a s k  and 

f e d  i n t o  t h e  chamber. Chamber a i r b o r n e  HF c o n c e n t r a t i o n s  were 

c o n t r o l l e d  by va ry ing  t h e  a i r  f low through t h e  bubb le r s ,  maximal 

f lw r a t e s  being 4 l/min. For exposure genera ted  by t h e  compressed 

gas technique t h e  o u t p u t  of a tank  c o n t a i n i n g  1% HJ? i n  n i t r o g e n  

(Matheson Gas Products ,  E a s t  Ruther ford ,  NJ) was mixed wi th  c l e a n  

room a i r  i n  *" polye thylene  tub ing  and f e d  i n t o  t h e  chamber. 

S ince  t o t a l  and i o n i c  f l u o r i d e  c o n c e n t r a t i o n s  were to be 

determined i n  s o f t  t i s s u e s  of r a t s  exposed t o  HF, bo th  t o t a l  and 

i o n i c  f l u o r i d e  concen t r a t ions  were determined on s e v e r a l  a i r  

samples withdrawn from chambers c o n t a i n i n g  HF gene ra t ed  by e i t h e r  

technique.  These chamber a i r  samples were c o l l e c t e d  i n  double 

d i s t i l l e d  water .  Water is a l s o  an e f f i c i e n t  c o l l e c t i n g  a g e n t  of 

a i r b a r n e  HF. I n  a d d i t i o n ,  t o t a l  and i o n i c  f l u o r i d e  c o n c e n t r a t i o n s  

were determined on d i l u t e d  samples of the  h y d r o f l u o r i c  a c i d  

s o l u t i o n  used i n  t h e  bubbler of t h e  aqueous system. As can be 

seen ,  (Table  4) t o t a l  and i o n i c  f l u o r i d e  c o n c e n t r a t i o n s  i n  a i r  

samples and i n  bubbler f l u i d  were i d e n t i c a l  w i t h i n  analytical 

e r r o r .  T o t a l  and i o n i c  f l u o r i d e  c o n c e n t r a t i o n s  i n  t h e s e  samples 

were determined by t h e  method t o  be desc r ibed  f o r  plasma samples .  



TABLE 4 

TOTAL AND I O N 1  C AIRBORNE FLUORIDE CONCENTRATIONS 

Generat i  ng system A i rborne  F  To ta l  F I o n i c  F- 
c o n c e n t r a t i  on1 c o n c e n t r a t i  on1 

(mg ~ / m 3 )  (vg/ml) ( u g h 1  

Compressed gas 88 

Aqueous system 

Aqueous system 
hyd ro f  1  uor i c 
a c i d  s o l u t i o n 2  

1 F l u o r i d e c o n c e n t r a t i o n i n f i r s t  impinger c o l l e c t i n g f l u i d a f t e r  a i r  
sampling. 

2  Hyd ro f l  u o r i c  a c i d  d i l u t e d  1:100,000 p r i o r  t o  ana l ys i s  



Ekper imental-  P ro toco l s  

I n  t h e  p r e l i m i n a r y  experiments  r a t s  were exposed t o  HF 

genera ted  by t h e  aqueous system f o r  6 hours  i n  a  28 1 g l a s s  b a t t e r y  

j a r  i n h a l a t i o n  chamber (F igure  1) . T o t a l  flow r a t e s  were measured 

wi th  ro t ame te r s  (F.W. Dwyer , Michigan C i t y ,  I N )  Ra t s  were 

s a c r i f i c e d  immediately a f  t e r  exposure,  6 hours  a f t e r  t h e  end o f  

exposure or 24  hours a f t e r  t h e  s t a r t  of exposure.  

Because o f  the d i f f i c u l t i e s  encountered i n  t h e  g e n e r a t i o n  and 

maintenance of HF atmospheres by t h e  aqueous system it was dec ided  

t o  gene ra t e  HF atmopsheres i n  t h e  dose-response experiment  by 

d i l u t i n g  t h e  o u t p u t  of a  tank con ta in ing  1% HF i n  n i t r o g e n  

(compressed gas technique)  . To h e l p  c o n t r o l  the o u t p u t  of the  HF 

tank an o r i f i c e  made by d r i l l i n g  a  ho le  i n  a  t e f l o n  d i s c  was p l aced  

i n  t h e  o u t l e t  nozz le  of  the HF r e g u l a t o r .  The o r i f i c e  was 

c a l i b r a t e d  by p l a c i n g  t h e  nozzle  c o n t a i n i n g  t h e  o r i f i c e  on a  tank  

of  n i t rogen  and measuring t h e  gas flow through t h e  nozz le  a t  

s e v e r a l  r e g u l a t o r  p r e s s u r e s  us ing  a  dry g a s  meter .  A s  is shown i n  

Figure 2, t h e  flow is l i n e a r l y  r e l a t e d  t o  r e g u l a t o r  p r e s s u r e .  With 

one o r i f i c e  t h e  flows were e x c e s s i v e l y  h igh ,  and,  t h e r e f o r e ,  a  

second o r i f i c e  was added t o  t he  system. This  was accomplished by 

p l ac ing  a  second d r i l l e d  d i s c  i n  a  po lye thy lene  t u b e  which w a s  then  

a t t a c h e d  t o  t h e  nozz le .  Flow p l o t t e d  ve r sus  r e g u l a t o r  p r e s s u r e  i n  

t h e  two o r i f i c e  system, c a l i b r a t e d  i n  t h e  same manner a s  be fo re ,  is 

a l s o  shown i n  F igu re  2. Again, a  l i n e a r  r e l a t i o n s h i p  was ob ta ined  

between r e g u l a t o r  p r e s s u r e  and flow. 



FIGURE 1 

The 28 l i te r  g l a s s  b a t t e r y  j a r  i n h a l a t i o n  chamber (from Leach, 1963) .  
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FIGURE 2 

Gas flow rate versus H F  regulator pressure for system containing one 

or two orif ices.  





The exposure chamber was a l s o  modified f o r  the  dose response 

experiment. s i n c e  HE' r e a c t s  with g l a s s  t h e  g l a s s  p i c k l e  j a r  was 

replaced wi th  a 23 l i t e r  p l a s t i c  c y l i n d r i c a l  conta iner  (a  

Rubbermaid waste basket ,  Rubbermaid, Wooster OH) .  In  a d d i t i o n  a l l  

tygon tubing was replaced wi th  HF r e s i s t a n t  polyethylene tubing.  

The modified chamber was c a l i b r a t e d  f o r  two regu la to r  p ressu res  

with both o r i f  ices i n  the  r e g u l a t o r .  With no r a t s  i n  t h e  chamber 

a i rborne  F concentra t ions  reached s t eady  s t a t e  quickly  (less than 

20 minutes)  and the  s t eady  s t a t e  a i rborne  f l u o r i d e  concen t ra t ion  

was i n  good agreement with t h e  expected concentra t ion  c a l c u l a t e d  

from the o r  i f  ice c a l i b r a t i o n  d a t a  (Table 5) . However, w i t h  r a t s  

p resen t  i n  the  chamber t h e  time weighted average f l u o r i d e  

concen t ra t ion  f o r  the  exposure was much l e s s  than the  f l u o r i d e  

concentra t ion  p red ic ted  from t h e  o r  i f i c e  c a l i b r a t i o n  da ta  (Table 5) . 
A s  i n  the pre l iminary  experiments, exposures were of  6 hour 

d u r a t i o n  i n  the dose-response experiments. I n  both cases  timing of 

the  exposure began when the  flow of HF was s t a r t e d .  The flow of HF 

was terminated a f t e r  6 hours, and t h e  r a t s  removed from the  chamber 

20 minutes l a t e r  t o  allow t i m e  f o r  chamber HF concen t ra t ions  t o  

decrease before opening t h e  chamber door. T o t a l  a i r  flow through 

the  chamber was 28 l/min throughout the  6 hour exposure and 20 

minute postexposure period.  The chamber temperature dur ing  t h e s e  

exposures ranged between 21°c and 2 7 O ~ .  

Control  exposures were performed i n  a 28 1 g l a s s  b a t t e r y  jar 

i n h a l a t i o n  chamber. Flow r a t e s  were again  28 l/min. Rats were i n  



TABLE 5 

HF REGULATOR PRESSURE AND CHAMBER AIRBORNE 
FLUORIDE CONCENTRATIONS 

Regul a t o r  Number o f  Number o f  r a t s  Measured Expected 

pressure o r i f  i ces  i n .chamber a i rbo rne  F a i rbo rne  F 

1 b/ i n 2  img F/m3) (mg Wm3) 



the control chamber for a to ta l  of 6 hours and 20 minutes. Both 

control. and HE' exposed ra t s  were sacrificed 6 hours af ter  the 

termination of exposure (12 hours after the s t a r t  of exposure). 

I n  the whole-body HF retention experiment 60 ra t s  were exposed 

to HJ? generated by the compressed gas system for 6 hours in  a 1.8 

m5 Roi=hester chamber. Three days l a te r  60 control rats  were 

exposed to clean roam a i r  in a similar chamber. Both control and 

HJ? chambers were operated a t  a s l ight ly  negative pressure of -0.08" 

water; the to ta l  a i r  flow through these chambers was approximately 

0.5 m5  per minute. Chamber temperature ranged between 24 and 

25O~. Animals were housed i n  pairs i n  stainless'  s tee l  wire mesh 

cages during exposure and were removed from the chamber immediately 

af ter exposure. Rats were sacrificed i n  groups of 6 a t  various 

times up to 42 days postexposure. Seven of these control ra t s  were 

sacrificed for another purpose, thus the data for only 53 control 

rats  are reported. Rats were housed individually i n  metabolism 

cages a t  various times during the postexposure period. 

Sodium f.uoride (NaF) d u s t  exposures took place in a 28 1 

glass battery inhalation jar chamber. A Wright dust feed was used 

to generate the NaF atmosphere. Analytical grade NaF was ball  

milled for 7 days for reduction of par t ic le  size prior to  use. By 

placing a nozzle on the end of the diluting a i r  l ine and directing 

the resulting airstream across the outlet  tube of the Wright dust 

feed it was possible to obtain relat ively even dust concentrations 

throughout the chamber. Of 5 chamber locations analyzed for 



a i r b o r n e  NaF the  one having t h e  lowest c o n c e n t r a t i o n  averaged 80% 

of t h e  l o c a t i o n  having t h e  h i g h e s t  concen t r a t ion .  A i r  f l w  r a t e s  

were 10 l/min through t h e  d i l u t i n g  a i r  l i n e  and 1 9  l/min through , 

t h e  Wright d u s t  f eed .  

A i r  samples (0.5 l /min x 2 minutes)  were drawn through 0.8 

pm pore  s i z e  m i l l i p r e  f i l t e r  f o r  de t e rmina t ion  of  a i r b o r n e  

f l u o r i d e  concen t r a t ions .  The d u s t  c o l l e c t e d  on each  f i l t e r  was 

d i s s o l v e d  i n  10 m l  double d i s t i l l e d  water  and ana lyzed  f o r  f l u o r i d e  

con ten t  by t h e  known a d d i t i o n  technique.  The mean chamber 

tempera ture  du r ing  t h e  exposure was 2 5 O ~ .  The mass median 

aerodynamic diameter  of the NaF d u s t  was 2.8 pm (ag = 2.2) . 
A group of t e n  rats were exposed t o  t h i s  d u s t  f o r  6 hours  and 

were removed from the  chamber immediately a f t e r  t h e  exposure.  One 

group of  5 was s a c r i f i c e d  immediately pos texposure ,  t h e  o t h e r  5  

were housed i n d i v i d u a l l y  i n  metabolism cages du r ing  an  8 day  

pos texposure  pe r iod .  

For i n t r avenous  i n f u s i o n  r a t s  were a n a e s t h e t i z e d  w i t h  

approximately 70 mg/kg sodium pentobar  b i t a l  i .p . and o p e r a t e d  on 

under c l ean  but  not  s te r i le  c o n d i t i o n s .  An i n c i s i o n  was made on 

t h e  v e n t r a l  s i d e  of t h e  neck, t h e  l e f t  j ugu la r  v e i n  was i s o l a t e d  

and approximate ly  4 c m  of PE 10  t u b i n g  (Clay Adams, Par i s i p p a n y ,  

N J )  was i n s e r t e d  i n t o  t h e  ve in  and t i e d  i n  p l a c e  wi th  s u r g i c a l  

th read .  Con t ro l  and f l u o r i d e  t r e a t e d  r a t s  were i n f u s e d  

con t inuous ly  a t  a  r a t e  o f  1.08 m l  per hour w i th  a  B Braun 

Apparatebau (Melsungen, W.  Ger.) i n f u s i o n  pump f o r  1 hour .  C o n t r o l  

r a t s  were in fused  w i t h  154 mM NaCl ( l e s s  than 0.005 p g ~ - / m l )  , 



t r e a t e d  r a t s  wi th  32 mM NaF i n  122 mM N a C l  (600 p g ~ - / m l ) .  

Con t ro l  and f l u o r i d e  i n f u s e d  r a t s  were s a c r i f i c e d  immediately o r  6 

hours a f t e r  t h e  end o f  i n fus ion .  Rats  were housed i n d i v i d u a l l y  i n  

me tabo l i c  cages d u r i n g  t h e  postexposure pe r iod .  

A nose-only exposure u n i t  was c o n s t r u c t e d  from the  modi f ied  

p i c k l e  j a r  chamber and f i v e  p l a s t i c  baby b o t t l e s .  A diagram of 

t h i s  u n i t  is conta ined  i n  t h e  schemat ic  drawing o f  the  upper 

r e s p i r a t o r y  t r a c t  exposure  system (F igu re  3 ) .  The b o t t l e s  

c o n s i s t e d  o f  a  p l a s t i c  c y l i n d r i c a l  con ta ine r  ( t h e  a c t u a l  b o t t l e ) ,  a  

p l a s t i c  screw cap  wi th  a .  c i r c u l a r  ho le  i n  it and a removable 

n i p p l e .  Thus the  b o t t l e  could  hold a  r a t  i n  p l ace  wh i l e  h i s  nose 

p ro t ruded  through t h e  c i r c u l a r  ho le  i n  t h e  cap. Because t h e  

chamber w a l l  was unavoidably c racked  t h e  23 l i t e r  p l a s t i c  chamber 

was p laced  i n  a  po lye thylene  bag t o  p reven t  a i r  l eakage  i n t o  or  o u t  

of the chamber. Five caps were s e c u r e l y  mounted over  ho le s  carved  

through t h e  p l a s t i c  bag and t h e  chamber wa l l .  The n i p p l e s  were 

trimmed s o  t h a t  a l l  t h a t  remained was an 0 r i n g  which was then 

p laced  through t h e  h o l e s  i n  t h e  caps and se rved  a s  a  gaske t  t o  

improve t h e  s e a l  around t h e  r a t ' s  nose. The b o t t l e s  could  be 

e a s i l y  mounted o r  removed frcin t h e  chamber by screwing o r  

unscrewing them from the  mounted caps.  S ince  t h e  r a t s  were t o  be 

a n a e s t h e t i z e d  and could  thus  o f f e r  no r e s i s t a n c e  t h e  e n t i r e  b o t t l e  

was not  ' neces sa ry  t o  hold them i n  p lace .  Therefore ,  m o s t  of t he  

p l a s t i c  b o t t l e  was carved  away from its th readed  neck u n t i l  a l l  

t h a t  remained was a  h o r i z o n t a l  p l a t fo rm to suppor t  each r a t .  For 

exposure a n a e s t h e t i z e d  r a t s  were p laced  i n  a  prone p o s i t i o n  w i t h  

t h e i r  noses f i t  snugly  i n t o  t h e  n i p p l e  gaske t s .  The exposure 
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chamber was run a t  s l i g h t l y  nega t ive  p r e s s u r e  t o  prevent  leakage  of  

HF o u t  on to  the  f u r .  Approximately 3 c m 2  o f  the  f u r  around t h e  

nose was i n  c o n t a c t  wi th  t h e  HF atmosphere which t h e  r a t s  were 

i n h a l i n g .  

I n i t i a l l y  t h e  nega t ive  p r e s s u r e  i n  t h e  chamber du r ing  exposure  

was monitored wi th  a  U tube  con ta in ing  water .  Hawever, it was 

no t i ced  t h a t  a t  nega t ive  p r e s s u r e s  of 1/16" water or  less the 

p l a s t i c  bag would be sucked f i r m l y  a g a i n s t  t h e  w a l l  of t h e  

chamber. If the nega t ive  p r e s s u r e  was 10s t (by movement of a  r a t  

o r  removal of a  s t o p p e r )  t h e  p l a s t i c  bag expanded. Therefore ,  

p r e s s u r e  i n  t h e  chamber was monitored s imply  by obse rv ing  t h e  

p l a s t i c  bag. Negat ive p r e s s u r e  i n  t h e  chamber was genera ted  by 

connect ing  t h e  o u t l e t  tube of  the chamber t o  a  water a s p i r a t o r .  

Exposures were run  a t  p r e s s u r e s  j u s t  n e g a t i v e  enough t o  cause  t h e  

bag t o  c o n t r a c t  around t h e  chamber wa l l  (approximate ly  1/16" water ) . 
T o t a l  a i r  flaw r a t e  through t h e  chamber was 9.5-10 l/min. 

Chamber r e l a t i v e  humidity was measured p r i o r  t o  each exposure w i t h  

an Environmental  Tecktonics  (Soathhampton, PA) Model 8 - 1 4 7  

psychrometer.  I n i t i a l  s t u d i e s  had i n d i c a t e d  t h a t  chamber r e l a t i v e  

humidi ty d i d  not vary  d u r i n g  t h e  day. I n t e r n a l  chamber tempera ture  

ranged between 22 and 2 5 O ~ .  A 250 w a t t  i n f r a r e d  h e a t  lamp 

d i r e c t e d  on t h e  animals was used t o  keep t h e  a n a e s t h e t i z e d  r a t s  

warm. 

I n  t h e  normal F d i e t  HF r e t e n t i o n  experiment  a n a e s t h e t i z e d  (70 

mg/kg p e n t o b a r b i t a l ,  i . p . )  male Long Evans r a t s  were exposed t o  HF 

gene ra t ed  by t h e  compressed gas technique i n  t h e  nose-only u n i t  



fo r  1 hour and s a c r i f i c e d  96 hours  a f t e r  t he  s t a r t  of exposure.  

Con t ro l  r a t s  were exposed t o  room a i r  i n  a s i m i l a r  u n i t .  R a t s  were 

housed i n d i v i d u a l l y  i n  metabolism cages dur ing  t h e  pos t exposu re  

per iod .  Excre ta  were c o l l e c t e d  d u r i n g  t h e  0-7, 7-24, 24-48, 48-72 

and 72-96 hour exper imenta l  pe r iod .  Timing o f  the experiment  began 

a t  t h e  s t a r t  of exposure.  

S i x t e e n  r a t s  were housed i n d i v i d u a l l y  i n  metabolism cages  

du r ing  t h e  f l u o r i d e  d e p l e t i o n  experiment.  These r a t s  were f e d  

normal F d i e t  and t a p  water f o r  t h r e e  days. Then, a t  t he  s ta r t  of 

day 0, 4 r a t s  were s a c r i f i c e d  and t h e  remaining twelve were p laced  

on l o w  F d i e t  and d i s t i l l e d  water .  Four r a t s  was s a c r i f i c e d  a f  t e r  

6 days on t h i s  l o w  F regimen. A t  t h e  s t a r t  of t h e  1 2 t h  day 5 r a t s  

were i n s t i l l e d  i n t r a t r a c h e a l l y  w i t h  200 pgF. For t h i s  procedure  

an i n c i s i o n  was made on t h e  v e n t r a l  s i d e  of t h e  neck, and t h e  

t r a c h e a  i s o l a t e d  i n  a n a e s t h e t i z e d  (70 mg/kg p e n t o b a r b i t a l ,  i .p . )  

male r a t s .  The need le  of a s y r i n g e  con ta in ing  0.20 m l  of 1.0 

mg~-/ml (as NaE') s o l u t i o n  was i n s e r t e d  i n  t h e  t r a c h e a  near t h e  

l a r y n x ,  gushed t o  a l e v e l  near  t h e  b i f u r c a t i o n ,  and t h e  con ta ined  

f l u i d  i n j e c t e d  dur ing  t h e  i n s p i r a t o r y  phase o f  the  r a t ' s  

r e s p i r a t o r y  cyc l e .  Three c o n t r o l  r a t s  were sham o p e r a t e d ,  t h e  

need le  being i n s e r t e d  i n t o  the  t r a c h e a  but  no f l u i d  i n s t i l l e d .  

T r e a t e d  r a t s  were s a c r i f i c e d  96 hours a f t e r  i n j e c t i o n  (o r  sham 

o p e r a t i o n ) .  Timed e x c r e t a  samples were c o l l e c t e d  du r ing  t h i s  4 day  

postexposure pe r iod .  

Timed excr ' e ta  samples wer e a l s o  c o l l e c t e d  f o r  4 days  af t e r  

i n t r a p e r i t o n e a l  f l u o r i d e  i n j e c t i o n .  Two groups o f  f l u o r i d e  



d e p l e t e d  r a t s  ( i n j e c t e d  a t  t he  beginning o f  the t w e l f t h  day  of  

f l u o r i d e  d e p l e t i o n )  and one group of normal F r a t s  were i n j e c t e d  

i .p .  w i t h  0.2 m l  of 1.0 mgF/ml a s  NaF s o l u t i o n  (200 ygF) and 

housed i n d i v i d u a l l y  i n  metabolism cages  f o r  t h i s  experiment .  

The purpose of  the upper r e s p i r a t o r y  t r a c t  s t u d y  was t o  expose 

on ly  t h e  upper r e s p i r a t o r y  t r a c t  of r a t s  t o  HF. Th i s  was 

accomplished by i n s e r t i n g  t w o  endo t r achea l  tubes  made of  PE 205 

tub ing  (Clay Adams, Parsippany,  N J )  i n t o  t h e  t r a c h e a  of each  r a t :  

one l e a d i n g  towards the lung ,  t h e  o t h e r  towards the  mouth, and then  

p l a c i n g  t h e  animals '  head i n s i d e  t h e  HF chamber u s ing  t h e  holder  of 

t h e  nose-only assembly. Thus, t h e  r a t  i n s p i r e d  c l e a n  room a i r  

through t h e  endo t r achea l  t u b e  l e a d i n g  towards t h e  lung  w h i l e  HE' 

l aden  a i r  was drawn through t h e  upper r e s p i r a t o r y  t r a c t  by a pump. 

A schemat ic  of t h i s  exposure system is shown i n  F igu re  3.  

For t h i s  experiment r a t s  were a n a e s t h e t i z e d  w i t h  70 mg/kg 

sodium p e n t o b a r b i t a l  (i .p.) . Af te r  i s o l a t i o n  t h e  t r a c h e a  w a s  c u t  

approximately 3 mm below t h e  l a rynx .  The endo t r achea l  tube l e a d i n g  

towards t h e  lung  was i n s e r t e d  to a depth  of approximately 2 cm. The 

endo t r achea l  tube l e a d i n g  towards the  mouth was i n s e r t e d  u n t i l  i ts 

t i p  was j u s t  cephalad of t h e  la rynx .  Both endo t r achea l  t u b e s  were 

t i e d  i n  p l ace  w i t h  s u r g i c a l  th read .  Af te r  complet ion of  the 

s u r g i c a l .  p rocedure  t h e  r a t ' s  nose and mouth were p l aced  i n  t h e  HE' 

nose-only chamber. The n i p p l e  had t o  be removed from the b o t t l e  

cap  t o  accommodate t h e  r a t ' s  head t o  t h i s  e x t e n t .  The endo t r achea l  

t ube  l e a d i n g  towards the  mouth was a t t a c h e d  t o  a HI? a i r  sampler 

c o n s i s t i n g  of t w o  midget impingers and a vacuum pump. The dead 

space between the  r a t ' s  t r achea  and the  f i r s t  midget 



FIGURE 3 

Schematic diagram of upper respiratory trac t  exposure system. 
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3 impinger was less than 1 c m  . Ekposure began when the  vacuum 

pump was turned on. 

Several  precaut ions  were taken t o  ensure no HF would be 

i n s p i r e d  i n t o  t h e  lungs of t h e s e  r a t s .  A s  is shown i n  Figure  3. 

the endotracheal  tube l ead ing  t o  the  lung through which the  r a t  

r e s p i r e d  spontaneously was placed over  t h e  rim of t h e  baby b o t t l e  

cap,  a s  f a r  away as p o s s i b l e  from the opening i n t o  the  HE' chamber. 

The chamber was run a t  negat ive  p ressure ,  which was monitored 

continuously,  t o  ensure t h a t  no HF leaked ou t .  I n  a d d i t i o n ,  t h e  

e n t i r e  exposure u n i t  was opera ted  i n  a hood with c l e a n  rocan a i r  

continuously drawn over the  r a t s  during exposure. 

Evidence t h a t  a l l  of t h e  a i r  flaw drawn i n t o  t h e  a i r  sampler 

a c t u a l l y  passed through the  nose, a s  opposed t o  the  mouth, was 

obta ined i n d i r e c t l y .  When the  head of a s u r g i c a l l y  prepared r a t  

was placed under water and a i r  was bluwn through the  endotracheal  

tube ,  bubbles formed on ly  a t  t h e  e x t e r n a l  nares.  S i m i l a r l y ,  with 

only t h e  nares  under water and a vacuum pu l l ed  on the  endotracheal  

tube ,  water is sucked up i n t o  t h e  tube. If water  is fo rced  i n t o  

the  endotracheal  tube and s l i g h t  p ressu re  is placed on the  mouth, 

t h e  water flows o u t  of t h e  nares only. This procedure was used t o  

r i n s e  the  upper r e s p i r a t o r y  t r a c t .  Presumably the  r a t ' s  tongue o r  

e p i g l o t t i s  forms a seal which prevents  a i r  o r  water  flow through 

the  mouth. To be abso lu te ly  s u r e  t h a t  only HF laden a i r  was drawn 

i n t o  t h e  endotracheal  tube both t h e  r a t ' s  head and mouth were 

placed i n s i d e  the  HF chamber. The f i t  around the  head was t i g h t  

enough t o  provide p ressure  on t h e  lower j aw. 



Rats were exposed t o  HF i n  a supine  p o s i t i o n  and s a c r i f i c e d  

immediately af t e r  exposure. Blood was drawn by ca rd iac  puncture. 

The upper r e s p i r a t o r y  t r a c t  was r insed  once by g e n t l y  f o r c i n g  4 m l  

of double d i s t i l l e d  water i n t o  t h e  endotracheal  tube  l ead ing  

towards the mouth. Genera l ly  3 m l  or more of water was c o l l e c t e d  

from the  e x t e r n a l  nares.  HE' atmospheres were generated by t h e  

compressed gas technique. Fluoride concentra t ions  were determined 

i n  both chamber a i r  samples and a i r  samples which were drawn 

through the  upper r e s p i r a t o r y  t r a c t .  

A l l  r a t s  i n  t h e  f l u o r i d e  deple ted  HF r e t e n t i o n  experiment were 

s a c r i f i c e d  during t h e i r  15 th  day on the  low f l u o r i d e  d i e t a r y  

regimen. Groups of r a t s  were s a c r i f i c e d  a t  1 hour, 7, 12, 24, and 

96 hours a f t e r  the  s t a r t  of the 1 hour nose .onlyexposure  t o H F .  

A l l  r a t s  were housed i n d i v i d u a l l y  i n  metabolism cages from t h e  end 

of exposure t o  the  time of s a c r i f i c e .  Timed e x c r e t a  samples were 

c o l l e c t e d  dur ing t h e  postexposure period. N o  r a t  u r ina ted  o r  

defecated  during exposure. HE' was generated by the  compressed gas 

technique. The s a c r i f i c e  technique inc luded s e v e r a l  new 

procedures. In  some r a t s ,  a f  t e r  removal of blood the  f u r  around 

t h e  nose was wiped with a damp 2x2" cot ton  gauze. This  gauze was 

then placed i n  9 m l  of double d i s t i l l e d  water f o r  a t  l e a s t  24 hours 

i n  a r e f r i g e r a t o r .  An a l i q u o t  of t h i s  e x t r a c t  was then analyzed 

f o r  f l u o r i d e  content  by the  procedure used f o r  plasma. Recovery of 

f l u o r i d e  s tandards  by t h i s  technique averaged 110%. The f u r  around 

the nose was wiped twice wi th  two gauzes t o  determine i f  successive 

wipes removed l e s s  f luor ide .  Af ter  wiping, an endotracheal  tube  



was i n s e r t e d  i n  the  t r achea  t o  a l e v e l  above the  la rynx.  Three 

consecut ive  washes of the  upper r e s p i r a t o r y  t r a c t  with 4 m l  each of 

double d i s t i l l e d  water were performed a s  p rev ious ly  descr ibed.  I f  

t h e  esophagus had been i n a d v e r t e n t l y  c u t  it was important to clamp 

it shu t  before performing t h i s  procedure. The p e l t  covering t h e  

nose, f r m  the  e x t e r n a l  nares  t o  a p lane  through t h e  p o s t e r i o r  end 

of the mouth, was removed and homogenized i n  30 m l  of double 

d i s t i l l e d  water i n  a Waring blender. The a r e a  of t h e  p e l t  was 

approximately 7 c m 2  and accounted f o r  more a rea  of  the f u r  than 

was a c t u a l l y  i n  contac t  with t h e  HF atmosphere. The e n t i r e  

s a c r i f i c e  procedure c o n s i s t i n g  of  the procedures descr ibed above 

and organ removal and homogenization was not performed on every  r a t  

because i t  extended the  s a c r i f i c e  t i m e  f o r  each animal. The exac t  

s a c r i f i c e  protocol  f o r  each r a t  is enumerated i n  t h e  r e s u l t s  

s e c t i o n .  

S t a t i s t i c s  

The mean and s tandard  error of the mean (S.E.M.) f o r  each 

group of da ta  were ca lcu la ted .  Groups were compared with t h e  

s t u d e n t s  t - t e s t  (Dixon and Massey, 1969) . A p value  l e s s  than 0.05 

was requ i red  f o r  s ign i f i cance .  Linear r eg ress ions  were performed by 

l e a s t  squares technique. A non-parametric t e s t ,  t h e  s i g n  t e s t ,  was 

used t o  a s s e s s  the s i g n i f i c a n c e  of AF l e v e l s  i n  s o f t  t i s s u e s  of 

c o n t r o l  and exposed r a t s .  



F l u o r i d e  Ana lys i s  

F l u o r i d e  c o n c e n t r a t i o n s  i n  a i r  and t i s s u e  samples were 

determined wi th  t h e  f l u o r i d e  i o n  s e n s i t i v e  e l e c t r o d e  ( F r a n t  and 

Ross,  1966) . For t h i s  purpose t h e  a n a l y t i c a l  method o f  Cowell 

(1975) was modif ied t o  i n c l u d e  t h e  known a d d i t i o n  technique  a s  

d e s c r i b e d  by H a l l ,  e t  a l .  (1972).  Samples were ashed p r i o r  t o  

a n a l y s i s  f o r  de t e rmina t ion  of t o t a l  f l u o r i d e  concen t r a t ion ;  i o n i c  

f l u o r i d e  c o n c e n t r a t i o n  was determined on unashed samples.  

The f l u o r i d e  i o n  s e n s i t i v e  e l e c t r o d e  c o n s i s t s  of a  membrane 

permeable o n l y  t o  f l u o r i d e  and hydroxide ion ,  and a  r e f e r e n c e  

e l e c t r o d e .  D i f f e r e n t  f l u o r i d e  c o n c e n t r a t i o n s  i n  samples r e s u l t  i n  

d i f f e r e n t  p o t e n t i a l  d i f f e r e n c e s  between the  f l u o r i d e  and r e f e r e n c e  

e l e c t r o d e s .  The measured p o t e n t i a l  is r e l a t e d  t o  f l u o r i d e  

c o n c e n t r a t i o n  a s  desc r ibed  by t h e  Nerns t  equat ion .  Th i s  equa t ion  

p r e d i c t s  t h a t  f l u o r i d e  ion  a c t i v i t y  ( l i n e a r l y  r e l a t e d  t o  

c o n c e n t r a t i o n  a t  c o n s t a n t  i o n i c  s t r e n g t h )  is  l o g a r i t h m i c a l l y  

r e l a t e d  to p o t e n t i a l  with a  s l o p e  of  -59.0 m i l l i v o l t s  per  decade 

change i n  f l u o r i d e  a c t i v i t y .  

D i g i t a l  pH/mi l l ivo l t  meters  (Orion Reseach, model 701 and 

710A, Cambridge, MA),  were used t o  measure e l e c t r o d e  p o t e n t i a l .  

With t h e  use  of  two Or ion  model 605 e l e c t r o d e  swi t ches  twelve 

f l u o r i d e  i o n  s e n s i t i v e  e l e c t r o d e s  (Orion Research,  model 96-09) 

could  be used a t  once. 

For a n a l y s i s ,  samples were allowed t o  e q u i l i b r a t e  on t h e  

e l e c t r o d e s  f o r  a t  l e a s t  30 minutes  or u n t i l  t h e  m i l l i v o l t  reading  

changed 0.2 m i l l i v o l t s  or  l e s s  over a  5  minute pe r iod  p r i o r  t o  



r eco rd ing  o f  p o t e n t i a l .  A known amount of f l u o r i d e  s t a n d a r d  

s o l u t i o n  was then  added t o  each  sample. Th i s  known a d d i t i o n ,  of 

0.025 m l  volume, con ta ined  2-3 times the  amount of f l u o r i d e  

o r i g i n a l l y  p r e s e n t  i n  t h e  sample. A f t e r  t h e  samples had 

r e e q u i l  i b r a t e d  on t h e  e l e c t r o d e s  the  new p o t e n t i a l  was recorded.  

The d i f f e r e n c e  between p o t e n t i a l  r ead ings  caused by t h e  known 

a d d i t i o n  (AE) was then used t o  c a l c u l a t e  t he  f l u o r i d e  c o n t e n t  

o r i g i n a l l y  p r e s e n t  i n  t h e  sample by t h e  formula: 

f l u o r i d e  con ten t  (pg)  = known a d d i t i o n  (pg)  10 AW59 - 1. 

T h i s  formula is de r ived  f r an  t h e  Nernst  equa t ion .  

S tandard  curves  were prepared w i t h  samples c o n t a i n i n g  1.0 m l  

t o t a l  i o n i c  s t r e n g t h  a d j u s t i n g  bu f fe r  (TISAB, Or ion  Research)  and 

1.0 m l  of f l u o r i d e  s t a n d a r d  of c o n c e n t r a t i o n  0.010 - 10.0 

pg~- /ml  ( a s  NaF) . T o t a l  i o n i c  s t r e n g t h  a d j u s t i n g  bu f fe r  

provides  a c o n s t a n t  high background i o n i c  s t r e n g t h  and ma in ta ins  

t h e  sample pH between 5 and 7 t o  minimize hydroxide ion  

i n t e r f  erence.  A t o t a l  of 9 d i f f e r e n t  c o n c e n t r a t i o n s  were used f o r  

each s t a n d a r d  curve.  I f  the s t a n d a r d  curve was not  l i n e a r  

( c o r r e l a t i o n  c o e f f i c i e n t s  f o r  l i n e a r  s t anda rd  cu rves  exceeded 

0.995) o r  if the s l o p e  dev ia t ed  from the  t h e o r e t i c a l  s l o p e ,  t h e  

e l e c t r o d e  was rep laced .  T y p i c a l l y ,  t h e  s l o p e s  of t h e  s t a n d a r d  

curves  f o r  t he  twelve e l e c t r o d e s  would average -58.7 m i l l i v o l t s  per  

decade wi th  a s t a n d a r d  d e v i a t i o n  of 0.3 m i l l i v o l t s  per  decade. I n  

a d d i t i o n  t o  being used a s  check f o r  proper e l e c t r o d e  f u n c t i o n ,  t h e  

s t anda rd  cu rves  were used t o  e s t i m a t e  t h e  amount o f  f l u o r i d e  

o r i g i n a l l y  p r e s e n t  i n  each sample. This  e s t i m a t e  was then used t o  



determine t h e  a p p r o p r i a t e  f l u o r i d e  s t a n d a r d  s o l u t i o n  f o r  t h e  k n w n  

a d d i t i o n .  The a n a l y t i c a l  blank was measured d a i l y  and averaged 

0.007 pg. The l i m i t  of d e t e c t i o n  of  t h i s  f l u o r i d e  method is 

approximately 0.005 pg . 
The i o n i c  f l u o r i d e  concen t r a t ion  i n  s o f t  t i s s u e s  was measured 

by t h e  same procedure a s  f o r  f l u o r i d e  s t anda rds .  An a l i q u o t  of 

plasma o r  homogenate was added to 1.0 m l  TISAB. The t o t a l  volume of  

each  s o l u t i o n  t o  be analyzed was main ta ined  a t  2.0 ml by a d d i t i o n  

of  double d i s t i l l e d  water i f  l e s s  than 1.0 m l  of t i s s u e  sample was 

used. For plasma, u n t r e a t e d  sample was added t o  TISAB f o r  a n a l y s i s  

of  i o n i c  f l u o r i d e  concen t r a t ion .  S ince  t h e  a d d i t i o n  of  whole 

homogenates t o  TISAB r e s u l t e d  i n  t h e  format ion  of a  g e l ,  

homogenates were c e n t r i f u g e d  a t  600g f o r  10 minutes  and an a l i q u o t  

of t h e  s u p e r n a t a n t  added t o  1.0 m l  TISAB. I n  a  few t e s t  samples 

f l u o r i d e  c o n c e n t r a t i o n  o f  the s u p e r n a t a n t  averaged 102% o f  t h a t  i n  

t h e  whole homogenate ( s t anda rd  d e v i a t i o n  of 2%) . I n  a d d i t i o n ,  no 

more f l u o r i d e  could  be r i n s e d  o u t  of the 600g p e l l e t  than could  be 

exp la ined  on t h e  b a s i s  of t h e  volume of t h e  p e l l e t  i n  r e l a t i o n  t o  

t h e  i n i t i a l  volume o f  the whole homogenate, s u g g e s t i n g  t h a t  

f l u o r i d e  w a s  not seques t e red  i n  t h e  p e l l e t .  Recovery of 0.016-5.0 

pg o f  added f l u o r i d e  ( a s  NaF) from t i s s u e  homogenates or  plasma 

averaged 104 + 4.3% (mean - + s t d .  dev.) f o r  a  t o t a l  of 1 9  samples .  

For t h e s e  a n a l y t i c a l  checks f l u o r i d e  was added t o  t he  whole 

homogenate and t h e  600g s u p e r n a t a n t  analyzed f o r  f l u o r i d e ;  f l u o r i d e  

was added d i r e c t l y  to plasma samples.  Recoveries  were s i m i l a r  i n  

a l l  t i s s u e s  and f o r  a l l  amounts of added f l u o r i d e .  



Urine samples were a c i d i f i e d  p r i o r  t o  de t e rmina t ion  o f  

f l u o r i d e  . To 9 p a r t s  u r i n e  (by volume) , 1 p a r t  30% HC104 was 

added, t h e  s o l u t i o n s  mixed and then  cen t r i fuged .  To 2.0 m l  TISAB, 

0.050 o r  0.100 m l  of the  a c i d i f i e d  u r i n e  s u p e r n a t a n t  was added, and 

t h e  i o n i c  f l u o r i d e  c o n c e n t r a t i o n  then  determined w i t h  t h e  f l u o r i d e  

i o n  s e n s i t i v e  e l e c t r o d e  by t h e  known a d d i t i o n  technique .  The 

recovery  of  i o n i c  f l u o r i d e  added to u r i n e  cups c o n t a i n i n g  mine ra l  

o i l  and thymol and analyzed by t h e  u r i n a r y  f l u o r i d e  technique  was 

100 - + 3 % (mean - + s t d .  dev.) . 
For de t e rmina t ion  o f  t o t a l  f l u o r i d e  c o n c e n t r a t i o n  i n  a l l  

t i s s u e s ,  samples were ashed i n  plat inum c r u c i b l e s ,  t h e  a s h  

d i s s o l v e d  i n  a c i d  and then  analyzed f o r  i o n i c  f l u o r i d e  con ten t .  

Ashing and then  d i s s o l u t i o n  i n  a c i d  is assumed t o  conve r t  a l l  

o r g a n i c  and ino rgan ic  f l u o r i d e  t o  i o n i c  f l u o r i d e .  S o f t  t i s s u e ,  

f e c a l ,  food ,  p e l t  and femora l  a sh  were a l l  d i s s o l v e d  i n  0.5 N 

HC104. A 0.5 m l  a l i q u o t  of t h i s  a c i d  d i s s o l v e d  a s h  was added to  

1.5 m l  TISAB. Th i s  s o l u t i o n  was pH a d j u s t e d  by a d d i t i o n  of 0.050 

m l  25.5% ROH and then  analyzed f o r  f l u o r i d e  con ten t  by t h e  known 

a d d i t i o n  technique.  

S o f t  t i s s u e s  ( l ung ,  plasma and kidney) and u r i n e  were burned 

t o  ashes  i n  plat inum c r u c i b l e s  a t  5 7 5 O ~  ove rn igh t  u s ing  10.0 

(9.90-10.0) mg CaO a s  a  f i x a t i v e .  Recovery of  0. f - 10.0 pg 

added f l u o r i d e  ( a s  NaF) from lung ,  kidney, p l a s n a  and u r i n e  

averaged 95 + 11.5% (26) [ mean + s t d .  dev.  (n)] . Recovery was 

s i m i l a r  a t  a l l  l e v e l s  of added f l u o r i d e  and i n  a l l  t i s s u e s .  No 

more than  3.0 m l  of homogenate o r  piasma o r  1.0 nil of u r i n e  were . 



ashed  a t  one time. I f  samples were expected to  c o n t a i n  l a r g e  

amounts of  f l u o r i d e  ( i o n i c  f l u o r i d e  con ten t  was determined p r i o r  t o  

ash ing)  , l e s s  than 3 m l  w a s  ashed i n  an a t t empt  t o  keep t h e  amount 

of f l u o r i d e  t o  l e s s  than 5 1.19 per c r u c i b l e  du r ing  t h e  a sh ing  

procedure. No va lue  r e p o r t e d  i n  t h i s  t h e s i s  f o r  t o t a l  F analyzed 

i n  t h i s  manner was ob ta ined  from an a l i q u o t  c o n t a i n i n g  more than  10 

pg of  f l u o r i d e ,  i.e. s u f f i c i e n t  f i x a t i v e  was always p r e s e n t .  The 

a sh ing  blank w i t h  10 mg CaO ranged between 0.3 and 0.6 pg F. 

Tracheas were ashed a t  5 7 5 O ~  ove rn igh t  us ing  100. mg CaO a s  

f i x a t i v e  and d i s so lved  i n  10. m l  0.5 N HC104 and ana lyzed  f o r  

f l u o r i d e  a s  descr ibed .  Recoveries  of  f l u o r i d e  ( a s  NaF) by t h e  

technique averaged 100% w i t h  a s t a n d a r d  d e v i a t i o n  of  9.6% (n=9) . 
The a sh ing  blank us ing  100 mg CaO averaged 2.5 pg F. 

T o t a l  f l u o r i d e  con ten t  was determined i n  f e c e s ,  food and p e l t  

homogenates by a  s l i g h t l y  d i f f e r e n t  technique .  Feca l  samples were 

d r i e d  f o r  a t  l e a s t  24 hours  i n  a 60-80°c oven p r i o r  t o  a n a l y s i s .  

Dried f e c a l  samples (approximately 1 g i n  mass) , food  samples 

(approximately 1 g )  and pelt  homogenates were ashed a t  5 7 5 O ~  

o v e r n i g h t  us ing  400 mg CaO a s  a  f i x a t i v e .  These a shes  were t h e n  

d i s s o l v e d  i n  100 m l  of 0.5 N HC104 and analyzed f o r  f l u o r i d e  a s  

p rev ious ly  descr ibed .  Th i s  a sh ing  method is t h e  s t a n d a r d  method 

used by Smith and Gardner (pe r sona l  communication).  The blank f o r  

t h i s  method averaged 10 pg F. Recovery o f  20-100 1.19 added 

f l u o r i d e  ( a s  NaF) from f e c e s  by t h i s  method was 104 + 5.2% (mean 2 

s t d .  d e v . ) .  



Femoral f l u o r i d e  is  a l r e a d y  f i x e d  a s  f l u o r o a p a t i  t e .  Femurs 

were ashed ove rn igh t  a t  5 7 5 O ~  w i t h  no f i x a t i v e ,  d i s s o l v e d  i n  100 

m l  0.5 N HC104 and t h e  f l u o r i d e  c o n c e n t r a t i o n  measured a s  

p rev ious ly  descr ibed .  

The p r e c i s i o n  of  the i o n i c  and t o t a l  f l u o r i d e  techniques  va ry  

f o r  each  t i s s u e  because d i f f e r i n g  amounts of t i s s u e  were used i n  

each procedure and d i f f e r  i n g  a n a l y t i c a l  blanks were involved  w i t h  

each procedure. Because f l u o r i d e  is so ub iqu i tous  eve ry  s t e p  i n  

t h e  p r e p a r a t i o n  and a n a l y s i s  of t i s s u e  adds more f l u o r i d e  t o  each 

sample. Thus t h e r e  is no t r u e  l i m i t  of d e t e c t i o n  f o r  each  method 

because t h e  l i m i t  of d e t e c t i o n  f o r  t he  e l e c t r o d e s  themselves is 

sma l l e r  t han  t h e  amount o f  f l u o r i d e  picked up by each  sample d u r i n g  

p r e p a r a t i o n .  I t  is t h e r e f o r e ,  c r u c i a l  t h a t  a p p r o p r i a t e  blank 

c o r r e c t i o n s  be determined f o r  each p r e p a r a t i o n  and a n a l y t i c a l  

techn ique . 
The i o n i c  f l u o r i d e  c o n c e n t r a t i o n  i n  l ung  and kidney is 

repor t ed  to  t h e  n e a r e s t  0.01 pg/g and could  be determined t o  2 

0.04 pg/g. The i o n i c  f l u o r i d e  c o n c e n t r a t i o n  i n  plasma i s  

r epor t ed  to  the  n e a r e s t  0.001 pg/ml and could  be detemined t o  - + 

0.002 pg/ml. The i o n i c  f l u o r i d e  c o n c e n t r a t i o n  i n  u r i n e  is 

repor t ed  to  t h e  n e a r e s t  0.01 pg/ml and could  be determined t o  

+ 0.04 pg/ml. The c o e f f i c i e n t  of v a r i a t i o n  f o r  t h e s e  i o n i c  - 

f l u o r i d e  methods is 4.3%. 

The c o e f f i c i e n t  o f  v a r i a t i o n  o f  the  t o t a l  f l u o r i d e  method 

us ing  10. mg CaO is 11.5%. T o t a l  f l u o r i d e  c o n c e n t r a t i o n  i n  lung 

and kidney is repor t ed  t o  t he  n e a r e s t  0.1 pg/g and could  be 



determined t o  2 0.3 yg/g. To ta l  plasma f l u o r i d e  c o n c e n t r a t i o n  is 

repor t ed  t o  t h e  n e a r e s t  0.01 pg/ml and could  be determined t o  2 

0.04 pg/ml. T o t a l  u r i n e  f l u o r i d e  is repor t ed  t o  t h e  n e a r e s t  

O.lpg/ml and a u l d  be determined t o  5 0.1 p/ml. 

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

n e a r e s t  1. pg/g and could  be determined t o  5. pg/g. The t o t a l  

f l u o r i d e  c o n c e n t r a t i o n  i n  food and f e c e s  is r e p o r t e d  t o  t h e  n e a r e s t  

0.1 pg/g and could  be determined t o  2 0.8 pg/g. T o t a l  f l u o r i d e  

c o n t e n t  i n  t h e  femur is repor t ed  t o  t h e  n e a r e s t  1. pg and could  

be determined t o  2 1. pg. 

I n  s o f t  t i s s u e s  t o t a l  f l u o r i d e  c o n c e n t r a t i o n s  c o n s i s t e n t l y  

exceeded i o n i c  f l u o r i d e  concen t r a t ion .  This  was cons ide red  t o  be 

due t o  a  f l u o r i d e  component which d i d  not  respond to t h e  f l u o r i d e  

ion  s e n s i t i v e  e l e c t r o d e .  This  f r a c t i o n  was termed. t h e  AF 

f r a c t i o n .  The c o n c e n t r a t i o n  of  f l u o r i d e  i n  t h i s  f r a c t i o n  w a s  

c a l c u l a t e d  by s u b t r a c t i n g  t h e  i o n i c  f l u o r i d e  c o n c e n t r a t i o n  i n  each 

t i s s u e  sample from t h e  t o t a l  f l u o r i d e  c o n c e n t r a t i o n  i n  t h a t  

sample. S ince  t h e r e  is a n a l y t i c a l  e r r o r  involved i n  both  t h e  i o n i c  

and t o t a l  f l u o r i d e  techniques  the  va lue  ob ta ined  f o r  the AF 

c o n c e n t r a t i o n  is n e c e s s a r i l y  imprecise .  The c o e f f i c i e n t  of  

v a r i a t i o n  f o r  the  de t e rmina t ion  o f  AF c o n c e n t r a t i o n  can be 

e s t i m a t e d  t o  .be 12.3% (4. 3g2 + 1 1 . 5 ~ ~ )  'I2. Because of  t h i s  

l a r g e  c o e f f i c i e n t  of v a r i a t i o n  it would be expec ted  t h a t  bo th  

p o s i t i v e  and nega t ive  AF c o n c e n t r a t i o n s  would be ob ta ined .  For 

example, i f  t o t a l  f l u o r i d e  c o n c e n t r a t i o n  e q u a l l e d  i o n i c  f l u o r i d e  

c o n c e n t r a t i o n ,  i n  5% o f  the groups of t i s s u e s  analyzed t o t a l  



f l u o r i d e  c o n c e n t r a t i o n  would be expec ted  t o  average 24.6% ( 2  times 

t h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  of 12.3%) l e s s  t h a n  t h e  i o n i c  

f l u o r i d e  concen t r a t ion .  However, i f  the  d e t e c t i o n  of  AF were due 

o n l y  t o  randan ' a n a l y t i c a l  e r r o r  an e q u a l  number of p o s i t i v e  and 

nega t ive  AF c o n c e n t r a t i o n s  would be expected.  Therefore ,  t h e  

s i g n i f i c a n c e  o f  the  occurrence  o f  AF f r a c t i o n  i n  t i s s u e  from each 

experiment  was a s ses sed  by t a b u l a t i o n  of t h e  number of p o s i t i v e  and 

nega t ive  AF c o n c e n t r a t i o n s  obta ined .  

AF C h a r a c t e r i z a t i o n  

Lung and kidney homogenates of r a t s  s a c r i f i c e d  22 hours  a f t e r  

exposure t o  380 mg ~ / m j  were s u b j e c t e d  to  a c i d  o r  base  t r e a t m e n t  

t o  determine if such  t r ea tmen t  would conve r t  t h e  f l u o r i d e  i n  t h e  

AF f r a c t i o n  t o  a  form respons ive  t o  t h e  f l u o r i d e  i o n  s e n s i t i v e  

e l e c t r o d e .  For a c i d  t r ea tmen t  0.200 ml of 30% t r i c h l o r a c e t i c  a c i d  

w a s  added t o  1.0 m l  of whole homogenate, mixed and c e n t r i f u g e d  a t  

600 g f o r  10  minutes.  I o n i c  f l u o r i d e  c o n c e n t r a t i o n  was determined 

o n  a 0.100 m l  a l i q u o t  of the  supe rna t an t .  The a n a l y t i c a l  blank f o r  

t h i s  procedure averaged 0.01 ~ g .  Base t r ea tmen t  m n s i s t e d  of  

d i g e s t i o n  i n  potassium hydroxide. A 0.200 ml a l i q u o t  of whole 

homogenate was added t o  1.0 m l  25.5% KOH and hea ted  i n  a b o i l i n g  

water ba th  f o r  30 minutes.  An 0.8 m l  a l i q u o t  of t h e  d i g e s t  was 

added t o  1.2 m l  TISAB and t h e  f l u o r i d e  c o n c e n t r a t i o n  determined 

wi th  t h e  f l u o r i d e  i o n  s e n s i t i v e  e l e c t r o d e .  S o l u t i o n s  of sodium 

monof luoroace ta te ,  sodium monofluoroproprionate  and t r i f l u o r o a c e t i c  

a c i d  were t r e a t e d  s i m i l a r i l y  . The b l m h  f o r  the  d i  g ~ s t i o n  



procedure  averaged 0.180 + 0.020 yg F (mean + s t d .  dev . ) .  

The remaining kidney homogenates from t h i s  group of  animals  

were pooled and s u b j e c t e d  t o  d i a l y s i s .  Ten m l  o f  kidney homogenate 

pool  was p laced  i n  4.8 ym pore diameter seamless  d i a l y z e r  t ub ing  

( F i s h e r  S c i e n t i f i c ,  P i t t s b u r g h ,  PA) and d i a l y z e d  a g a i n s t  double 

d i s t i l l e d  water  f o r  24 hours .  The water was changed 3 times dur ing  

t h i s  per iod .  T o t a l  and i o n i c  f l u o r i d e  c o n c e n t r a t i o n s  were 

determined by t h e  s t a n d a r d  techniques .  

P l a sna  o b t a i n e d  from. r a t s  s a c r i f i c e d  6 hours  a f t e r  a 6 hour 

3 exposure t o  84 mg F/m were s e p a r a t e d  i n t o  i o n i z a b l e  and 

non-ionizable  f l u o r i d e  f r a c t i o n s  by t h e  ca l c ium phosphate  

a d s o r p t i o n  technique  of Venkateswarlu, e t  a l .  (1971) . 1.0 m l  of 

plasma p l u s  2.0 ml of double d i s t i l l e d  water  were added t o  10.0 mg 

c r y s t a l l i n e  calcium phosphate and incubated  a t  38O C fo r  1 hour 

i n  a shaking  water bath. Af te r  c e n t r i f u g a t i o n  a t  600 g f o r  20 

minutes t he  supe rna t an t  was decanted o f  the calcium phosphate  

p e l l e t .  A volume of approximately 2.6 m l  was removed by t h e  

decan t ing  procedure.  Af te r  t h e  calcium phosphate  p e l l e t  had 

completely d i s s o l v e d  i n  0.5 m l  0.5 N HClO 2.0 m l  0.5 M sodium 
4 

c i t r a t e  was added. I o n i c  f l u o r i d e  c o n c e n t r a t i o n  was determined on  

0.5 m l  a l i q u o t s  of the d i s s o l v e d  calcium phosphate  l a y e r  and t h e  

supe rnan t  l a y e r .  T o t a l  f l u o r i d e  c o n c e n t r a t i o n  was determined on 

1.5-2.0 m l  of each l a y e r  by t h e  method desc r ibed  f o r  plasma. 

The remaining un t r ea t ed  plasma samples  from t h i s  group of 

an imals  (84 mg ~ / m ~  HE' exposed) were pooled and s u b j e c t e d  t o  

Sephadex 6 2 5  gel chromatoqraphy. Th i s  procedure  s e p a r a t e s  



molecules  on t h e  b a s i s  of t h e i r  molecular  r ad ius .  G e l  

chromatography was performed a t  25O C by t h e  same procedure a s  

descr ibed  by Thmas  (1977).  Two m l  of plasma was l a y e r e d  on t o p  of 

a 33 c m  x 1.6 c m  Sephadex G-25 column and e l u t e d  w i t h  28.2 m l  per  

hour 0.05 ammonium a c e t a t e  (pH 7.0) f o r  4 hours.  E l u t i o n  samples ,  

each o f  2.8 m l  volume were c o l l e c t e d  eve ry  6 minutes .  The i o n i c  

and t o t a l  f l u o r i d e  con ten t  of each  sample was determined by t h e  

method descr  ibed  f o r  plasma. Dextran Blue 2000 (Sigma Chemical,  

S t .  Louis ,  MI)  was used f o r  de t e rmina t ion  of void volume. 



RESULTS AND COMMENTS 

I. Whole Body Exposures 

A. Prel iminary Exper iments 

The pre l iminary  experiments cons i s t ed  of  t w o  range f i n d i n g  

exposures t o  HI?. These exposures were performed t o  ga in  

information on the  l e v e l s  of a i rborne  HF which could be generated 

and maintained by t h e  aqueous system, t h e  sys temic  f l u o r i d e  burden 

of HF exposed animals and the  t o x i c  e f f e c t s  on lung and kidney 

r e s u l t i n g  from HF exposure. S ince  t h e  acu te  t o x i c i t y  of  HF was of 

i n t e r e s t  animals were sub jec ted  t o  a s i n g l e  exposure. For reasons 

of s a f e t y  it was decided t o  expose t h e  animals t o  HF f o r  a s  long a s  

p r a c t i c a l  t o  minimize t h e  a i rborne  concentra t ions  of HF necessary  

t o  produce t o x i c  e f f e c t s ,  r a t h e r  than t o  use very high 

concentra t ions  even f o r  only b r i e f  periods. To t h i s  end a 6 hour 

exposure per iod  was decided upon. Animals were s a c r i f i c e d  a t  

var ious  times up t o  24 hours a f t e r  the  s tart  of exposure t o  

i n v e s t i g a t e  any delayed e f f e c t s  . 
I n  the  f i r s t  exposure 15 male Long Evans r a t s  obta ined from 

Blue Spruce Farms were exposed t o  HF f o r  6 hours i n  a 28 l i t e r  

g l a s s  b a t t e r y  j a r  i n h a l a t i o n  chamber and s a c r i f i c e d  immediately (20 

minutes t o  1 hour) 6 hours or 1 8  hours a f t e r  the  exposure. Because no 

s p e c i f i c  a i rborne  F concentra t ion  was intended f o r  t h i s  exposure, 

it was decided t o  use a flaw r a t e  of 4 l i t e r s / m i n  through the  

bubbler and then determine the  r e s u l t i n g  HI? l e v e l s .  Airborne 

f l u o r i d e  concen t ra t ions  measured a t  var ious  times dur ing t h e  

expooure a r c  ohown i n  Figurc  4. Thc genera tor  was ohut down 3 



FIGURE 4 

Measured airborne fluoride concentrations versus exposure time for the 

55 mg ~ / m ~  HF exposure. 





minutes f o r  r e p a i r s  from t i m e  38-41 minutes. The time weighted 

3 average f l u o r i d e  concentra t ion  f o r  the  exposure was 55 mg F/m . 
Rats were f a s t e d  dur ing t h e  postexposure per iod  but  had access  

t o  water.  Contro l  animals were s a c r i f i c e d  a f t e r  a  24 hour f a s t  and 

were not  chamber exposed. No mortality occurred and no g ross  

pa tho log ic  a l t e r a t i o n s  were seen i n  any animal, c o n t r o l  or exposed. 

The r e n a l  and pulmonary e f f e c t s  of t h i s  exposure a r e  given i n  

Table 6. The kidney weight t o  body weight r a t i o  increased wi th  

time a f t e r  the  exposure sugges t ing  some e f f e c t  o f  HF exposure on 

the  organ. In  animals s a c r i f i c e d  18 hours postexposure t h i s  r a t i o  

was s i g n i f i c a n t l y  higher than i n  c o n t r o l  animals. The lung weight 

t o  body weight r a t i o  was not s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  

l e v e l s  a t  any s a c r i f i c e  time. However, t h e  lung w e t  weight t o  d ry  

weight r a t i o  was s i g n i f i c a n t l y  e l e v a t e d  i n  animals s a c r i f i c e d  

immediately or  6 hours postexposure. The lungs of animals 

s a c r i f i c e d  6 hours postexposure contained an average of 14% more 

water than d id  c o n t r o l  lungs.  The lung w e t  weight to dry  weight 

r a t i o  i n  r a t s  s a c r i f i c e d  18 hours postexposure was not d i f f e r e n t  

from c o n t r o l  l e v e l s .  

The measured f l u o r i d e  concentra t ions  i n  s o f t  t i s s u e s  of r a t s  

a f t e r  exposure t o  55 mg ~ / m ~  HE'. a r e  given i n  Table 7. To ta l  and 

i o n i c  f l u o r i d e  concentra t ions  were s i m i f i c a n t l y  h ipher  than 

c o n t r o l  l e v e l s  a t  a l l  3  s a c r i f i c e  times. I n  lung and kidney t o t a l  

f l u o r i d e  concentra t ion  d i d  not change with time a f t e r  exposure 

while the  plasma t o t a l  f l u o r i d e  concentra t ion  increased 

s i g n i f i c a n t l y  dur ing  the  postexposure period.  I o n i c  f l u o r i d e  



TABLE 6 

PULMONARY AND RENAL EFFECTS OF EXPOSURE 
TO 55 mg~/m3 HF FOR 6 H O U R S ~  

Luna 
wet4wt. Lung W t .  K idney 

S a c r i f i c e  Time Body W t .  D ry  W t .  Body W t .  Body W t .  
(hours postexposure) (9 )  (9/kg (g/kg)  

Immediately 26 9 4.87b 4.73 7.46b 
(<1 hour)  6 .04 .27 .20 

(5  1 ( 5  1 ( 5 )  . ( 5 )  

6 hour 

18 hour 245 4.68 5.20 8.49a 
9 .07 .67 .18 

(5 ( 5 )  ( 4 )  ( 5 )  

Cont ro l  

1 Values expressed as mean, S.E.M., (number o f  animals per  group). HF 
generated by aqueous system 

a p<0.05 compared t o  c o n t r o l  

p<0.01 compared t o  c o n t r o l  



TABLE 7 
/ 

MEASURED FLUORIDE CONCENTRATIONS I N  SOFT TISSUES OF 
RATS EXPOSED TO 55 mg ~ / m 3  HF FOR 6 H O U R S ~  

S a c r i f i c e  t i m e  P 1 asma K i dney 
(hours pos t -  ( F . I S / ~ ~  ( u g h  
exposure) T o t a l  I o n i c  T o t a l  I o n i c  T o t a l  I o n i c  

Immed ia te ly  6.9 5.26 3.4 2.41 6.1 5.08 
( < I  hour )  .7 .61 .8 .53 1.1 .77 

( 5 )  ( 5 )  (5) ( 5  ( 5 )  ( 5 )  

6 hour  6.6 3.46 5.7 1.39 6.0 3.10 
.5 .27 .6 .20 1.1 .33 

( 5 )  ( 5 )  (5) ( 5 )  ( 5 )  (5) 

18 hour 7.0 3.05 7.2 1.74 8.0 3.84 
.5 .21 1.7 .41 2.0 .70 

!5) ( 5  ( 5 )  ( 5  ( 5  ( 5 )  

Cont ro  1 1.1 0.10 .15 ,028 0.4 0.06 
.1 .02 ,001 .1 .01 

( 5 )  (5) ( 2 )  (5) ( 5 )  ( 5 )  

1 Values expressed as mean, S.E.M., (number o f  an imals  p e r  
g roup) .  HF generated by aqueous system. 



concen t ra t ions  i n  a l l  t h r e e  t i s s u e s  appeared t o  decrease  with t i m e  

a f  ter exposure. In c o n t r o l  and exposed r a t s  i o n i c  f l u o r i d e  d i d  not  

account fo r  a l l  the  f l u o r i d e  p resen t  i n  these  t h r e e  s o f t  t i s s u e s .  

The AF concentra t ions  ( t h e  d i f fe rence  between t o t a l  F and 

i o n i c  F-) i n  s o f t  t i s s u e s  a f t e r  t h i s  exposure t o  HF a r e  given i n  

Table 8. The t o t a l  f l u o r i d e  concentra t ion  i n  each t i s s u e  is given 

for  comparison. I n  lung,  plasma and kidney o f  a l l  exposed r a t s  

AF concentra t ion  was s i g n i f i c a n t l y  higher than c o n t r o l  l e v e l s .  

I n  a d d i t i o n  the  AF concen t ra t ion  i n  a l l  t h r e e  t i s s u e s  increased 

with time a f t e r  t h e  exposure. I n  animals s a c r i f i c e d  18 hours 

postexposure AF accounted f o r  56% of the t o t a l  f l u o r i d e  p resen t  

i n  lung,  51% of t h e  t o t a l  f l u o r i d e  p r e s e n t  i n  kidney and 78% of t h e  

t o t a l  f l u o r i d e  p resen t  i n  plasma. 

I n  the  second experiment 12 r a t s  (male Long Evans) were exposed 

t o  380 mg ~ / m ~  f o r  2 hours and s a c r i f i c e d  a t  i n t e r v a l s  up t o  22 

hours postexposure. The purpose of t h i s  experiment was to expose 

the  r a t s  t o  a s  high a concen t ra t ion  a s  f e a s i b l e  wi th  the  aqueous . 

system genera t ion  technique. The animals used i n  t h i s  experiment 

had been exposed t o  8.3 mg ~ / m ~  H F  fo r  75 minutes n ine  days 

previous ly .  That e a r l i e r  exposure had been terminated because of 

problems with the  genera tor .  It is recognized t h a t  the  previous 

exposure might have a f f e c t e d  t h e i r  response t o  HF. To maximize t h e  

a i rborne  HE' l e v e l s  49% hydrof luor ic  a c i d  was placed i n  the  aqueous 

system bubbler and t h e  water bath temperature was r a i s e d  to  

60°c. The measured a i rborne  f l u o r i d e  concen t ra t ions  a t  var ious  

times dur ing the  exposure ere shewn i n  Figure  5. The exposure waa 



TABLE 8 

AF CONCENTRATIONS I N  SOFT TISSUES 
EXPOSED TO 55 mg ~ / m 3  HF FOR 6 H O U R S ~  

S a c r i f i c e  t i m e  Lung P l  asma K idney  
(hours  pos t -  (PS/S> ( d g )  !PS/S> 
exposure) T o t a l  AF T o t a l  AF T o t a l  AF 

Immed ia te ly  6.9 1.7 3.4 1.1 6.1 1.6 
( < I  hour) .7 .2 .8 .4 1.1 .4 

( 5 )  ( 5 )  ( 5 )  ( 5 )  ( 5 )  ( 5 )  

6 hour  6.6 3.2 5.7 4.2 6.0 2.9 
.5 .3 0.6. .4 1.1 .9 

( 5 )  ( 5 )  (4 )  ( 4 )  ( 5 )  ( 5 )  

18  hour 7.0 3.9 7.2 5.5 8.0 4.1 
.5 .5 1.7 1.4 2.0 1.3 

( 5 )  ( 5 )  ( 5 )  ( 5 )  ( 5 )  ( 5 )  

C o n t r o l  1.1 1.0 .15 .12 0.4 0.3 
.1 .1 . I  .1 

( 5 )  ( 5 )  ( 2 )  ( 2 )  ( 5 )  ( 5 )  

1 Values expressed as mean, S.E.M., (number o f  an imals  per  
group) .  HF generated by aqueous system. 



FIGURE 5 

Measured airborne fluoride concentration versus exposure time for the 

380 rng ~ / m ~  HF exposure. 





terminated a f t e r  two hours because the  HF destroyed the  tygon 

tubing connecting the  genera tor  t o  the  chamber. In  a d d i t i o n ,  t h e  

genera tor  t w i c e  had t o  be shu t  down f o r  r e p a i r s  dur ing  t h e  

exposure. Again, animals had access  to water but no t  food dur ing  

the  postexposure period.  Contro l  animals were not  chamber exposed 

and were s a c r i f i c e d  a f t e r  a  24 hour f a s t .  

Severa l  s igns  of i r r i t a t i o n  and t o x i c i t y  were not iced  i n  

animals during exposure t o  t h i s  concen t ra t ion  of HI?. These s i g n s  

included watering of  the eyes ,  pawing a t  the  nose,  d i scharge  of  

f l u i d  froan the  e x t e r n a l  nares  and abnormal b r e a t h i n g  p a t t e r n s  

cha rac te r i zed  by l a r g e  abdominal brea ths .  A l l  animals were 

wheezing upon removal frcin the  chamber. Another common f ind ing  was 

the  presence of numerous small  blood clots on the  f r o n t  paws and a t  

the  e x t e r n a l  nares.  No m o r t a l i t y  occurred dur ing  t h e  exposure o r  

during t h e  22 hour postexposure period. 

The pulmonary e f f e c t s  fol lowing e x p o s u e  t o  380 mg ~ / m '  HF 

a re  given i n  Table 9. The lung weight t o  body weight r a t i o  

increased wi th  t i m e  a f t e r  the  exposure. I n  r a t s  s a c r i f i c e d  22 

hours pos texposure t h i s  r a t i o  was s i g n i f i c a n t l y  higher than i n  

c o n t r o l  r a t s .  The lung w e t  weight t o  dry  weight r a t i o  was 

s i g n i f i c a n t l y  e l eva ted  i n  r a t s  s a c r i f i c e d  6 hours postexposure and 

s i g n i f i c a n t l y  lower than c o n t r o l  va lues  i n  r a t s  s a c r i f i c e d  22 hours 

postexposure. 

I n  no s a c r i f i c e  group was the kidney weight t o  body weight 

s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  l e v e l s  (Table 9 ) .  However, a t  

each s a c r i f i c e  t i m e  the  blood urea n i t rogen (BUN) was s i g n f i c a n t l y  



TABLE 9 

PULMONARY AND RENAL EFFECTS OF EXPOSURE 
TO 380 mg~/m3 HF FOR 2 H O U R S ~  

Luns 
Lung W t .  w e t - ~ t .  K idney W t .  

S a c r i f i c e  Time BodyWt. BodyWt. DryWt. BodyWt. BUN 
(hours post-  ( 9 )  (9/kg) ( g/kg ) mg% 
expos u r e  

Immediate ly  31 4 5.09 5.06 7.67 14.4a 
( < I  hour) 11 .29 .ll .32 1 .O 

(4 )  ( 4 )  ( 4  1 ( 4  ) ( 4  1 

6 hour 295 5.35 4.99a 7.70 25.8b 
9 .37 .04 .18 3.5 

( 4  1 (4 )  (4 )  ( 4 )  ( 4 )  

22 hour 286 5.47a 4.59a 8.65 73.6b 
2 .14 .05 .29 18.5 

( 4  (4  ) (41 (4 ) (4 )  

Cont ro l  285 4.81 4.81 7.89 9.6 
10 .20 .05 .15 1.1 
(4 )  (4  ) (4 ) (4 )  (4 )  

1 Values expressed as mean, S.E.M., (number o f  animals per  group) 
HF generated by aqueous system 

a p<0.05 compared t o  c o n t r o l  

b p<0.01 compared t o  c o n t r o l  



elevated .  BUN a l s o  increased wi th  time dur ing t h e  postexposure 

period.  

The measured f l u o r i d e  concentra t ions  i n  lung,  plasma and kidney 

of r a t s  s a c r i f i c e d  a t  each postexposure time a r e  given i n  Table 

10. The t o t a l  and i o n i c  f l u o r i d e  concentra t ions  i n  a l l  t h r e e  s o f t  

t i s s u e s  of t h e  c o n t r o l  r a t s  a r e  s i g n i f i c a n t l y  higher than i n  t h e  

previous c o n t r o l  group sugges t ing  t h a t  t h e s e  animals r e t a i n e d  some 

3 f l u o r i d e  from the 8.3 mg F/m HF exposure. To ta l  and i o n i c  

f l u o r i d e  concentra t ions  i n  lung,  plasma and kidney were 

s i g n i f i c a n t l y  e l eva ted  a t  a l l  t h r e e  s a c r i f i c e  times a f t e r  exposure 

t o  380 mg E'/m3 HF. In  lung,  t o t a l  and i o n i c  f l u o r i d e  

concentra t ions  decreased with time a f t e r  exposure. In  plasma, 

t o t a l  f l u o r i d e  concentra t ion  increased wi th  each succeeding 

s a c r i f i c e  group while i o n i c  f l u o r i d e  concen t ra t ions  remained 

unchanged. To ta l  f lour  ide  concentra t ion  remained constant  i n  

kidney whi le  i o n i c  f l u o r i d e  concen t ra t ions  i n  t h i s  organ decreased 

wi th  time a f t e r  exposure. A s  i n  the  previous experiment, i o n i c  

f l u o r i d e  d i d  not account f o r  t h e  t o t a l  f l u o r i d e  p r e s e n t  i n  t h e s e  

th ree  s o f t  t i s s u e s .  In  r a t s  s a c r i f i c e d  22 hours postexposure the  

i o n i c  f l u o r i d e  concentra t ion  i n  lung,  plasma and kidney averaged 

72%, 35% and 60% r e s p e c t i v e l y  o f  the t o t a l  f l u o r i d e  concentra t ion .  

The AF concentra t ions  i n  s o f t  t i s s u e s  of r a t s  a f t e r  exposure 

3 t o  380 mg F/m HE' a r e  given i n  Table 11. The AF concen t ra t ions  

i n  lung,  plasma and kidneys of r a t s  s a c r i f i c e d  a t  a l l  postexposure 

times were s i g n i f i c a n t l y  higher than c o n t r o l  l e v e l s .  The AF 

concentra t ions  i n  a l l  t h r e e  t i s s u e s  of r a t s  sacr iCiced 22 hours 



TABLE 10 

MEASURED FLUORIDE CONCENTRATIONS I N  SOFT TISSUES OF 
RATS EXPOSED TO 380 mg ~ / m 3  HF FOR 2 H O U R S ~  

S a c r i f i c e  t i m e  Lung P l  a n a  K i  dney 
(hours  pos t -  (~.19/9) (N /ml )  ! ~ g / g )  
exposure)  T o t a l  I o n i c  ~ o t a ?  I o n i c  T o t a l  I o n i c  

Imnedi a t e l y  85. 77.5 3.5 . 3.56 27. 25.5 
(< I  hou r )  13. 14.5 .5 .73 1.9 1.1 

( 4 )  ( 4 )  ( 4 )  ( 4 )  ( 4 )  ( 4  

6 hour  86. 79.3 5.7 3.87 24. 22.5 
9.3 10.4 .9 .44 4.3 5.9 

( 4  ( 4 )  ( 3 )  ( 4 )  ( 4 )  ( 4  

22 hour 52. 37.3 11.1 3.84 26. 15.7 
4. 3.3 2.3 .36 1.8 1.3 

( 4 )  ( 4 )  ( 4  ( 4  ( 4 )  ( 4 )  

C o n t r o l  3.6 1.72 .32 .14 0.9 .7 
.3 .21 .07 .03 .3 

( 4 )  ( 4  ( 4  ( 4 )  (4 )  ( 4 j 1  

1 Values expressed as mean, S.E.M., (number o f  an imals  pe r  
g roup) .  HF generated by aqueous system. 



TABLE 11 

AF CONCENTRATIONS I N  SOFT TISSUES OF 
RATS EXPOSED TO 380 mg ~ / m 3  FOR 2 HOURS~ 

S a c r i f i c e  t i m e  Lung P l  asma K i  dney 
(hours pos t -  ( l a /  g ) ( vg /ml )  (PS/S) 
exposure)  To t  a1 AF To t  a1 AF T o t a l  AF 

Immedi a t e l y  85. 7.4 3.5 -0.1 27. 1.8 
( < I  hou r )  13, 2.2 .5 .2 1.9 1.1 

( 4 )  ( 4 )  ( 4 )  ( 4 )  ( 4 )  ( 4 )  

6 hour  86. 6.3 
9.3 2.0 
( 4 )  ( 4 )  

22 hour 52. 14.4 
3 ,8  1.7 
( 4 )  ( 4 )  

C o n t r o l  3.6 1 . 9 '  
.3 .4 

( 4 )  ( 4 )  

1 Values expressed as mean, S.E.M., (number o f  an imals  pe r  
g roup) .  HF generated by  aqueous system. 



postexposure were s i g n i f i c a n t l y  higher than i n  r a t s  s a c r i f i c e d  

immediately a f t e r  t h e  exposure. 

Sane pre l iminary  s t u d i e s  on the  n a t u r e  of AF i n  lung and 

kidney of r a t s  s a c r i f i c e d  22 hours postexposure were undertaken. 

Homogenates were t r e a t e d  with a c i d  (30% t r i c h l o r a c e t i c )  o r  base (30 

minute d i g e s t i o n  i n  21% KOH) to determine i f  such t rea tment  would 

conver t  the  f l u o r i d e  p resen t  i n  the  AF f r a c t i o n  t o  a  form which 

would respond t o  t h e  f l u o r i d e  i o n  s e n s i t i v e  e l ec t rode .  Diges t ion  

of lung homogenates i n  KOH d i d  not  r e s u l t  i n  an inc rease  i n  the  

i o n i c  f l u o r i d e  concentra t ion  (Table 1 2 ) .  Such t rea tment  has been 

shown t o  m n v e r t  100% of  the f l u o r i d e  i n  sodium monofluroacetate t o  

i o n i c  f l u o r i d e ,  and 94% of t h e  f l u o r i d e  i n  sodium 

monofluroproprionate t o  i o n i c  f l u o r i d e .  However, less than 1% of 

the  f l u o r i d e  i n  t r i f l u o r o a c e t i c  a c i d  was re l eased  a s  i o n i c  F- by 

t h i s  procedure. The f a i l u r e  of KOH d i g e s t i o n  to i n c r e a s e  i o n i c  

F- i n  lung homogenates sugges ts  t h a t  AF is not  a  simple 

a l i p h a t i c  monoflurocarbon compound. 

The i o n i c  f l u o r i d e  concentra t ion  i n  lung homogenates was 

unaffected by treatment with tr i c h l o r a c e t i c  acid.  However, t h e  

i o n i c  f l u o r i d e  concentra t ion  o f  kidney homogenates was 

s i g n i f i c a n t l y  increased by t h i s  ac id  treatment.  Sixty-four pe rcen t  

of the  f l u o r i d e  i n  the  AF f r a c t i o n  of kidney homogenate was 

converted t o  i o n i c  f l u o r i d e .  

The remaining un t rea ted  kidney homogenates were pooled and 

sub jec ted  t o  d i a l y s i s .  Before d i a l y s i s  the  t o t a l ,  i o n i c  and AF 

concentra t ions  i n  the homogenate were 7.1 pg/ml, 5.6 pg/ml and 



TABLE 12 

CHARACTERIZATION OF AF IN SOFT T'ISSUES OF RATS EXPOSED 
TO 380 mg ~ / m 3  FOR 2 H O U R S ~  

Unt rea ted  A c i d  Trea ted  Base Trea ted  
(vg/g)  

T o t a l  I o n i c  AF 
(vg/ g (vg/g)  

I o n i c  A c i d  L a b i l e  I o n i c  Base LabSle 

Lung 52. 37.3 14.4 38.2 1 .O 34.0 -3.3 
3.8 3.3 1.7 4.2 1.0 4.3 1.5 

(4 )  (4 )  (4 )  ( 4  ( 4 )  ( 4 )  (41  

Kidney 26. 15.7 10.4 22.4 6.7 - - -- 
1.8 1.3 .5 2.2 1.1 
( 4 )  ( 4 )  ( 4 )  ( 4 )  (4  

1 Values expressed as mean, S.E.M., (number of animals per  group) .  
HF generated by aqueous system. 



1.5 pg/ml , r e s p e c t i v e l y  . - After d i a l y s i s  these  concen t ra t ions  

were 0.8 pg/ml, 0.4 lrg/ml and 0.4  pg/ml, r e s p e c t i v e l y ,  

i n d i c a t i n g  t h a t  both i o n i c  and AF were d ia lyzab le .  

In  genera l ,  t he  e f f e c t s  of  both pre l iminary  exposures were 

s i m i l a r .  Renal i n j u r y  a s  measured by kidney weight t o  body weight 

r a t i o  o r  BUN occurred a f t e r  both exposures. While t h e  inc rease  i n  

BUN was not  maximal a t  6 hours postexposure, n e a r l y  a 3 f o l d  

inc rease  i n  t h i s  plasma component had occurred by t h i s  time. 

Inc reases  i n  t h e  lung water con ten t  occurred fol lowing both 

exposures. Following e i t h e r  exposure t h e  inc rease  was maximal i n  

the  6 hour postexposure group. Exposure t o  HF r e s u l t e d  i n  marked 

increased i n  t h e  f l u o r i d e  concen t ra t ions  i n  a l l  t i s s u e s  analyzed: 

lung,  plasma and kidney. In  a l l  t i s s u e s  a  f l u o r i d e  component which 

d i d  not  respond to t h e  f l u o r i d e  ion  s e n s i t i v e  e l e c t r o d e  was 

present .  The concentra t ion  o f  the  f l u o r i d e  i n  t h i s  f r a c t i o n  was 

increased s i g n i f i c a n t l y  by exposure t o  HF. F i n a l l y ,  t h e  

d i f f i c u l t i e s  encountered i n  the  genera t ion  o f  HF atmospheres by the  

aqueous system pointed  o u t  the  n e c e s s i t y  of developing another 

method f o r  genera t ing  an HF atmosphere. 

8 .  Dose Response Experiment 

The next  series o f  exposures were performed t o  i n v e s t i g a t e  dose 

response r e l a t i o n s h i p s  between HF exposure, t i s s u e  f l u o r i d e  

concentra t ion  (both t o t a l  and i o n i c )  and pulmonary or  r e n a l  

t o x i c i t y .  Groups of 6 male Long Evans r a t s  were exposed t o  va r ious  

concentra t ions  o f  HF fo r  6 hours i n  the  modified p i c k l e  j a r  

chamber. HF atmospheres were generated by the  compressed gas  



technique. The time weighted average a i r  borne fluor ide 

concentrations for these exposures were 11, 27, 72,  116, 148 or 179  

3 rng F/m . Rats were sacrificed 6 hours after  the end of exposure 

to a l l w  time for pulmonary and renal damage to develop. Total and 

ionic fluoride concentrations were determined in lung, plasma and 

kidney of exposed and control rats .  In the course of the 

experiment two control groups of six ra t s  each were sacrificed 6 

hours after  a 6 hour exposure to clean room a i r  in a 28 l i t e r  glass 

battery jar inhalation chamber. Total airflow rates were similar 

in control and HF exposures. A l l  animals, control and exposed, had 

access to water but not food during the postexposure period. No 

food or water was present in either exposure chamber. 

The airborne fluoride concentration measured a t  several times 

during each exposure are shown in Figure 6 . .  A s  can be seen a t  

lower levels the chamber fluor ide concentrations were relat ively 

steady, however a t  higher levels the airborne fluoride 

concentrations were quite variable. 

No observations of animal behavior during these HF exposures 

could be made because the modified exposure chamber was opaque. No 

gross effects  were noted during the postexposure period in either 

control ra ts  or rats  exposed to 116 mg ~ / m ~  HE' or less. No 

mortality occurred and no gross pathologic al terat ions were seen 

upon necropsy of these anima1.s. 

Exposure to 148 or 179 mg ~ / r n ~  RF resulted in 100% 

le thal i ty .  Four of the 6 ra ts  exposed to 179 mg F/m3 died during 

the exposure; the other two succumb~d within the f i r &  t w o  hours 



FIGURE 6 

Measured a i r  borne f luor ide  concentration versus exposure time for t h e  

11, 27,  72, 116, 148 and 179 mg ~ / r n ~  HE' dose-response exposures to 

Blue Spruce rats. 
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postexposure. A 1 1  r a t s  exposed t o  148 mg ~ / ' m ~  HF d ied  dur ing t h e  

f i r s t  3 hours of  the  postexposure per iod .  These animals were 

necropsied wi th in  t en  minutes of  death.  A l l  animals dying i n  the  

postexposure per iod  took s e v e r a l  deep abdominal b rea ths  j u s t  pr- ior  

t o  death. In  two r a t s  (both exposed t o  116 mg F/m3) a yellow 

mucoid f l u i d  was discharged from t h e  nares.  Upon necropsy t h e  

3 lungs  o f  a l l  animals exposed t o  148 mg F/m o r  179 mg F/m3 were 

hemorrhagic i n  appearance. 

3 The pulmonary e f f e c t s  of  exposure t o  11 t o  179 mg F/m a r e  

given i n  Table 13. S ince  t h e  lung weight to body weight r a t i o  and 

t h e  lung w e t  weight t o  d r y  weight r a t i o  were s i m i l a r  i n  both 

c o n t r o l  groups, the  data were pooled t o  g ive  one c o n t r o l  group 

value.  The lung weight t o  body weight r a t i o  was not  s i g n i f i c a n t l y  

a l t e r e d  i n  r a t s  exposed t o  any concentra t ion  of  HF. After  no 

exposure was the  lung w e t  weight t o  d r y  weight r a t i o  increased;  i n  

f a c t  t h i s  r a t i o  was s i g n i f i c a n t l y  lower than c o n t r o l  l e v e l s  i n  r a t s  

exposed t o  148 mg ~ / m ~ .  The mean lung w e t  weight t o  d r y  weight 

r a t i o  i n  r a t s  exposed t o  179 mg F/m3 was lower than i n  r a t s  ' .  

exposed t o  148 mg F/m3 b u t  because of  the  l a r g e  s tandard  e r r o r  of  

t h i s  group the  value was not  s i g n i f i c a n t l y  lower than c o n t r o l  

l e v e l s .  To i n v e s t i g a t e  the  e f f e c t s  o f  death  on t h i s  pulmonary 

parameter male Long Evans r a t s  were s a c r i f i c e d  with p e n t o b a r b i t a l  

and necropsied 10 minutes a f t e r  the  c e s s a t i o n  of  hea r tbea t .  The 

lung w e t  weight t o  dry  weight r a t i o  i n  these  p o s t  mortem c o n t r o l  

animals was s i m i l a r  t o  the  r a t i o  i n  the  normal c o n t r o l  r a t s .  These. 

da ta  a r e  d iscussed i n  g r e a t e r  d e t a i l  below. 



TABLE 13 

PULMONARY EFFECTS OF EXPOSURE TO 11, 27, 7 2 ,  116, 148 o r  
179 mgf-/m3 HF FOR 6 H O U R S ~  

Lung 
A i rborne Lung W t .  Wet. W t .  

HF Body W t .  Body W t .  Dry W t .  M o r t a l i t y  
(mg F/m3) (9) (g/kg) no. dead/no. exposed 

Cont ro l  283 4.41 4.72 
6 .10 .04 

(12)  (10 1 (10) 

1 Values expressed as mean, S.E.M., (number o f  animals per  g r ~ u p ) .  HF 
generated by compressed gas technique 

a pc0.05 compared t o  c o n t r o l  



Lung s e c t i o n s  from 5 r a t s  per s a c r i f i c e  group were examined by 

l i g h t  microscopy. Chronic inflammatory d i s e a s e  a s  evidenced by 

pe r ib ronch ia l  and pe r ivascu la r  lymphocyte accumulation and s e p t a 1  

wal l  th ickening was p r e s e n t  i n  every  lung s e c t i o n  examined (Figure  

7 ) .  The s e v e r i t y  o f  the  d i s e a s e  was ranked i n  a b l ind  fashion on a 

s c a l e  of 4. No c o r r e l a t i o n  was evident  between H F  exposure and t h e  

s e v e r i t y  o f  t h i s  d i sease .  The scores f o r  groups of  c o n t r o l  and 

exposed r a t s  were s imi la r .  No. pulmonary edema a s  evidenced by 

a lveo la r  f looding was observed i n  any lung s e c t i o n .  

3 The r e n a l  e f f e c t s  of  exposure t o  11-116 mg F/m a r e  given i n  

Table 14. Light  microscopic examination of t h e  r e n a l  c o r t i c e s  i n  

kidney s e c t i o n s  prepared from 5 r a t s  per s a c r i f i c e  group revealed  

i n j u r y  t o  the  proximal tubu la r  epi thel ium. The p r i n c i p a l  s ign  of 

i n j u r y  was nuclear pyknosis (Figure 8 ) .  C e l l s  conta in ing pyknotic 

nuc le i  a l s o  tended to be more e o s i n o p h i l i c  than neighboring c e l l s  

with normal appearing nuc le i .  This i n j u r y  was scored i n  a b l ind  

fashion on a s c a l e  of 4 with a s c o r e  of 0 i n d i c a t i n g  normal 

appearance, a score  of 1 i n d i c a t i n g  the  presence o f  a few c e l l s  

e x h i b i  L f ~ i y  yyknosis,  a scare of 2 i n d i c a t i n g  s e v e r a l  tubu les  

contained pynot ic  c e l l s  and a score  of  3 i n d i c a t i n g  most of the  

proximal tubu les  examined contained in ju red  cells. This r e n a l  

i n j u r y  increased i n  s e v e r i t y  wi th  inc reas ing  a i rborne  HF exposure 

concentra t ion .  If r a t s  exposed t o  148 o r  179 mg ~ / m ~  had 

survived the  e n t i r e  postexposure per iod  t h e r e  would have been more 

t i m e  f o r  the  development of t h i s  morphologic l e s i o n .  Perhaps a 

g r e a t e r  degree of i n j u r y  would have been p resen t  were t h i s  t o  occur.  



FIGURE 7 

Light micrograph of lung from a control  (top) and HF exposed 

(116 mg ~ / m ~ ,  bottom) r a t .  ~ o ' t e  per ibronchial  accumulation of 

lymphocytes (arrows) and septa1 wall thickening.  This d i sease  

process appears t o  be more severe i n  t h e  exposed r a t  lung, but  t h i s  

does not represent  a t rend.  The s eve r i t y  of t h e  d i sease  was ranked 

i n  a b l ind fashion; t h e  scores i n  groups of con t ro l  o r  exposed r a t s  

were s imi l a r .  ( X  441, hematoxylin and eosin) 





TABLE 14 

A i rborne 
HG 

Cont ro l  

148 rng ~ / m 3  

RENAL EFFECTS OF EXPOSURE TO 11, 27, 72, 116, 148 o r  
179 mg~/m3 HF FOR 6 H O U R S ~  

Kidney W t .  BUN K i  dney Pat h o l  ogy2 
Body W t .  Body W t .  (mg% 1 Range o f  Scores (Median Score) 



Footnotes to  Table 14 

Values expressed as mean, S.E.M., (number of animals per 
group). HF generated by compressed gas technique. 

2 Kidney sections from 5 animals per group were examined by l igh t  
microscopy; the only pathologic change a t t r ibutable  to  HF, 
proximal tubular injury as evidence by nuclear pyknosis was 
rated on a scale of 4 with 0 representing normal appearance and 
4 represent i ng severe damage. 

pc0.01 compared to  control. 



FIGURE 8 

Light micrograph of kidney from a c o n t r o l  ( top) and HF exposed 

(116 mg ~ / m ~ ,  bottom) r a t .  Note condensed da rk ly  s t a i n e d  n u c l e i  

(pyknotic n u c l e i ,  a few shown by arrows) i n  proximal t u b u l a r  

epi the l ium of t h e  exposed r a t  kidney. The s e v e r i t y  o f  t h e  i n j u r y  

i n  t h i s  kidney was ranked 1 on a s c a l e  of 4 ,  s e e  t e x t  f o r  explanat ion  

of ranking.  (X 441, hematoxylin and eos in)  





I n  no exposure group was the  kidney weight t o  body weight r a t i o  

s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  l e v e l s .  BUN was s i g n i f i c a n t l y  

increased by exposure t o  27, 72 o r  116 mg ~ / m '  HE'. The BUN 

increased c o n s i s t e n t l y  with inc reas ing  a i rborne  HE' concen t ra t ion  

suggest ing a dose response r e l a t i o n s h i p .  I n  Figure 9, BUN is 

p l o t t e d  versus t h e  l o g  of t h e  plasma i o n i c  f l u o r i d e  concen t ra t ion  

i n  these  r a t s .  A s  is evident ,  BUN inc reases  with inc reas ing  plasma 

f l u o r i d e  concentra t ion once f l u o r i d e  l e v e l s  of 2 pg/ml a r e  

reached, again  suggest ing a dose response re la t ionsh ip .  A s imi la r  

r e l a t i o n s h i p  e x i s t s  between BUN and i o n i c  kidney f l u o r i d e  

concentra t ion (data  not  shown) . 
The t o t a l  and i o n i c  f l u o r i d e  concentra t ions  i n  s o f t  t i s s u e s  of 

3 r a t s  a f t e r  exposure t o  11-179 mg F/m HE' a r e  given i n  Table 15. 

To ta l  and i o n i c  f luor ide  concentra t ions  i n  lung,  plasma and kidney 

were e levated  i n  a l l  HF exposed groups. I n  t h e s e  t h r e e  so£ t 

t i s s u e s  both t o t a l  and i o n i c  f l u o r i d e  concentra t ions  increased with 

inc reas ing  a i rborne  f l u o r i d e  concentra t ion i n d i c a t i n g  a cause and 

e f f e c t  r e la t ionsh ip .  The mean i o n i c  f l u o r i d e  concentra t ion i n  

lungs and kidney of  r a t s  exposed t o  11, 27, 72 o r  116 mg ~ / m ~  a r e  

p l o t t e d  l i n e a r l y  a g a i n s t  t h e  mean plasma i o n i c  f l u o r i d e  

concentra t ion i n  these  r a t s ,  i n  Figure 10. A s i g n i f i c a n t  

c o r r e l a t i o n  e x i s t s  between i o n i c  lung and plasma f l u o r i d e  ( r  = 

.9999,df = 2, p C 0.01). The d a t a  from a l l  four exposure groups 

f i t  t h i s  curve. I n  these  animals t h e  lung i o n i c  f l u o r i d e  

concentra t ion exceeded the  plasma i o n i c  f l u o r i d e  concentra t ion by a 

f a a t o r  of 2.6 - 3 '2 ,  When t h e  d a t a  fo r  a l l  4 exposuse groups a r e  



FIGURE 9 

BUN versus log plasma ionic fluoride concentration following exposure 

to 11, 27, 72 or 116 m!3 F/m3 Hl? (clcsed c i rc les)  or 111 mg ~ / m ~  HF 

plus water vapor (X's). 



PLASMA I O N I C  FLUORIDE CONCENTRATION, (pg/ml) 



TABLE 15 

MEASURED FLUORIDE CONCENTRATIONS IN SOFT TISSUES OF 
RATS EXPOSED TO 11, 27, 72, 116, 148 o r  

179 mg F/m3 HF FOR 6 H O U R S ~  

A i rborne HF Lung Plasma Kidney 
( l lg  F/m3) ( Y S / ~  1 (,ug/ml 1 

T o t a l  I o n i c  
(v9/!3) 

T o t a l  I o n i c  T o t a l  I o n i c  

1 Values expressed as mean, S.E.M., (number o f  animals per  group).  
HF generated by compressed gas technique. , . 

2 Tissues f rom c o n t r o l  r a t s  were pooled by group (6 r a t s  per  group) 
p r i o r  t o  ana lys is .  The values shown are t h e  concen t ra t i ons  
measured i n  t h e  t i s s u e  pools o f  t h e  two c o n t r o l  groups s a c r i f i c e d .  



Lung and kidney i o n i c  f l u o r i d e  c o n c e n t r a t i o n  v e r s u s  plasma i o n i c  

f l u o r i d e  c o n c e n t r a t i o n  f o l l a v i n g  exposure  t o  11, 27, 72 o r  

116 mg ~ / m ~  HF. The l i n e s  r ep re sen t  p l u s  o r  minus one S. E.M. and 

i n t e r s e c t  a t  t h e  mean of each group. 



PLASMA IONIC F- , (pg/rnl ) 

PLASMA IONIC F-, (pg/rnl ) 



considered ,  a  l i n e a r  r e l a t i o n s h i p  between kidney and plasma i o n i c  

f l u o r i d e  concentra t ion  is not evident .  Hwever ,  t h e  kidney and 

plasma f l u o r i d e  concentra t ions  i n  the  r a t s  exposed t o  the  t h r e e  

3 l w e r  concentra t ions  11, 27 o r  72 mg F/m a r e  s i g n i f i c a n t l y  

c o r r e l a t e d  ( r = ,999,df = L pC.05). The values i n  r a t s  exposed 

t o  116 mg ~ / m ~  f a l l  b e l w  the  s t r a i g h t  l i n e  def ined by the  t h r e e  

lwer doses. S imi lar  r e l a t i o n s h i p s  e x i s t  between lung and kidney 

t o t a l  f luor  ide  concentra t ion  and plasma t o t a l  f l u o r i d e  

concentra t ion  but t h e  i o n i c  d a t a  a r e  shown because t h e  i o n i c  

f l u o r i d e  a n a l y t i c a l  method is more s e n s i t i v e  and p r e c i s e  than the  

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

A s  i n  r a t s  exposed t o  HF genera ted  by t h e  aqueous system, t o t a l  

f l u o r i d e  concentra t ion  exceeded i o n i c  f l u o r i d e  concen t ra t ion  i n  t h e  

r a t s  exposed t o  HE' generated by the  compressed gas technique. The 

d i f f e r e n c e  between t o t a l  and i o n i c  f l u o r i d e  concentra t ion  was of a  

smaller  magnitude i n  t h e s e  r a t s  (Table 1 6 ) .  

The AF concentra t ion  was obta ined by c a l c u l a t i o n  on lung 

samples from 30 r a t s  exposed t o  HE' i n  the  dose-response 

experiment. Of these  lung samples, 24 conta ined p o s i t i v e  AE 

concen t ra t ions ,  5 conta ined negat ive  AF concen t ra t ions  and one 

sample contained a AF concentra t ion  of  zero. Appl ica t ion  of  the 

s ign  test  ind ica ted  t h a t  the  p r o b a b i l i t y  of t h i s  many p o s i t i v e  

values occurr ing  by chance was l e s s  than 1%. On the  b a s i s  of the 

mean and s tandard  e r r o r  of the AF concen t ra t ion  i n  lungs of ani-  

mals from each exposure group, s t a t i s t i c a l l y  s i g n i f i c a n t  l e v e l s  of  

3 AF were p resen t  only i n  animals exposed t o  27 o r  179 mg F/m HI?. 



TABLE 16 

AF CONCENTRATIONS IN SOFT TISSUES OF RATS EXPOSED 
TO 11, 27, 72, 116, 148 o r  179 mg F/m3 HF FOR 6 H O U R S ~  

A i rbo rne  HF Lung P l  asma K i  dney 
(mg Wm3) (vg/g !vg/ml) 

T o t a l  AF 
!vs/g 1 

T o t a l  AF %AF T o t a l  AF 

1 Values expressed as mean, S.E.M., (number o f  animals per  group). 

2 Tissues f rom c o n t r o l  r a t s  were pooled by group ( 6  r a t s  per  group) 
p r i o r  t o  ana lys is .  The values shown are t h e  concen t ra t i ons  
determined i n  the  t i s s u e  poo ls  o f  t h e  two c o n t r o l  groups 
sac r i f i ced .  



S t a t i s t i c a l l y  s i g n i f i c a n t  l e v e l s  of AF were p resen t  i n  the  

kidneys of r a t s  exposed t o  11, 116 o r  179 mg F/m3 HF. Of the  35 

kidney homogenates analyzed, 28 conta ined p o s i t i v e  AF 

concen t ra t ions ,  2 contained negat ive  AF concen t ra t ions  and 4 

conta ined a AF concentra t ion  of zero. The p r o b a b i l i t y  of  the 

number of p o s i t i v e  values occurr ing  by chance aga in  is l e s s  than 1%. 

S t a t i s t i c a l l y  s i g n i f i c a n t  l e v e l s  of AF were p resen t  i n  the  

plasma o f  r a t s  exposed t o  11-, 27, 72 and 116 mg F/m3. Of the  24 

plasma samples analyzed, 1 contained no AF (AF concen t ra t ion  

equa l  t o  zero)  and 23 contained p o s i t i v e  AF concentra t ions .  

Again, t h e  p r o b a b i l i t y  of t h i s  number of p o s i t i v e  values occur r ing  

by chance is less than 1%. The frequency of occurrence of p o s i t i v e  

AF concen t ra t ions  i n  a l l  t h ree  t i s s u e s  analyzed i n d i c a t e s  t h a t  

the  d e t e c t i o n  o f  AF is not due t o  random a n a l y t i c a l  e r r o r .  

I n  the  pre l iminary  experiments it was shown t h a t  AF 

concen t ra t ions  i n  lung and kidney change with t i m e  a f t e r  exposure. 

3 Since the  r a t s  exposed t o  148 o r  179 mg F/m d i d  not  survive  the  

f u l l  6 hour postexposure per iod  the  AF concen t ra t ions  i n  t h e i r  

t i s s u e s  may not be d i r e c t l y  comparable t o  those  i n  r a t s  which d i d  

survive  the  e n t i r e  postexposure per iod .  Thus, o n l y  the  AF l e v e l s  

i n  t i s s u e s  of r a t s  exposed t o  116 mg F/m3 HF or l e s s  should be 

considered when looking f o r  dose-response r e l a t i o n s h i p s .  No c l e a r  

c u t  dose dependent inc rease  i n  AF concen t ra t ion  i n  lung and 

kidney o f  H F  exposed r a t s  is evident .  However, i n  plasma AF 

concentra t ions  c o n s i s t e n t l y  increased with inc reas ing  a i rborne  

f l u o r i d e  concentra t ion .  Not only  was the  plasma AF concen t ra t ion  



i n  a l l  groups higher than c o n t r o l  l e v e l s  b u t  the  AF concen t ra t ion  

i n  plasma o f  r a t s  exposed t o  72 o r  116 mg ~ / m ~  HE' was 

s i g n i f i c a n t l y  (p  C0.05 i n  each case) higher than i n  plasma of  

r a t s  exposed to 11 mg F/m3 HF. Though the  s i g n i f i c a n c e  of  the 

r e l a t i o n s h i p  is unclear the  concen t ra t ion  of AF i n  plasma is  

s t r o n g l y  c o r r e l a t e d  with t h e  logar i thm of t h e  t o t a l  f l u o r i d e  

concenta t ion  i n  plasma (r = 0.99997, pC0.01; Figure  11) . 
Metabolisn cages became a v a i l a b l e  near  t h e  end of t h e  dose 

response e x p e r i m v t s  and c o n t r o l  r a t s  and r a t s  exposed t o  11 o r  27 

mg F/m3 HE' were held  i n  these  cages ( 3  animals  per cage) f o r  the  

6 hour postexposure period.  The u r ines  excre ted  by t h e  r a t s  i n  

each group were pooled by group and the  i o n i c  f l u o r i d e  con ten t  

3 determined. Rats exposed t o  11 o r  27 mg F/m excre ted  an average 

o f  98 o r  291 yg f l u o r i d e ,  r e s p e c t i v e l y ,  during t h i s  per iod  

'compared t o  5 yg excre ted  by c o n t r o l s .  

During the  course of the  dose-response experiments s e v e r a l  male 

Long Evans r a t s  were obtained from Charles River Labora tor ies .  

This was due to an admin i s t r a t ive  e r r o r ;  the  author was unaware of  

the  change o f  s u p p l i e r s  u n t i l  s e v e r a l  w e e k s  a f t e r  the  completion o f  

the  exposures. The d a t a  from r a t s  obta ined from Charles River 

Laboratory a r e  t r e a t e d  s e p a r a t e l y  i n  t h i s  sec t ion .  

Both c o n t r o l  and HE' exposures were performed under e x a c t l y  t h e  

same cond i t ions  a s  fo r  Blue Spruce suppl ied  r a t s .  The a i rborne  

f l u o r i d e  concentra t ions  measured a t  s e v e r a l  t imes during each 

exposure a r e  shown i n  Figure 12. The exposures o f  time weighted 

average 26 o r  54 mg F/m3 were generated by the  compressed g a s  



FIGURE 11 

Plasma AF concentration versus log plasma t o t a l  F concentration of 

r a t s  exposed t o  11, 27, 72 or  116 mg ~ / m 3  HF. The 1 ines represent  

plus or minus one S.E.M. and i n t e r s e c t  a t  t h e  mean of each group. 
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FIGURE 1 2  

Measured airborne fluoride concentration versus exposure time for 

26, 54 and 84 mg ~ / r n ~  HE' exposures to Charles River rats .  The 26 

and 54 mg F/m3 HF exposures were generated by the compressed gas 

technique; the 84 mg ~ / r n ~  HF exposure by the aqueous system. 
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system and were performed to f i l l  out the dose response curve. 

After it was learned that these ra ts  were obtained from Charles 

River an exposure of Blue Spruce ra t s  to 27 mg F/m3 HE' was 

3 performed to compare with the 26 mg F/m exposure to Charles 

River rats .  For the 84 mg F/m3 exposure HF was generated by the 

aqueous system. T h i s  exposure was performed in an attempt to 

3 repeat the 55 mg F/m exposure discussed in the preliminary 

experiments section. As can be seen airborne fluoride concentra- 

tions during th is  exposure were quite variable. 

One group of male Long Evans ra ts  obtained from Charles River 

Laboratories was exposed to room a i r  and sacrificed 6 hours after  

the end of exposure. This group is the postmortem group referred 

to earl ier .  These animals were sacrificed w i t h  sodium 

pentobarbital and necropsied 10  minutes af ter  the cessation of 

heartbeat to investigate if death had any effects  on the pulmonary 

and renal parameters measured. No blood was withdrawn from these 

animals, however, in a l l  other respects, necropsies were performed 

by the normal procedure. 

The pulmonary and renal effects  in Charles River ra t s  af ter  
\ 

exposure to HF are given in Table 17 .  The effec.ts in Blue Spruce 

ra t s  of exposure to 27 mg F/m3 are included for comparison. The 

kidney weight to body weight ra t io  was similar in a l l  groups, 

including the Blue Spruce. The BUN in ra t s  following exposure to 

54 mg ~ / m '  was significantly higher than the BUN following 

3 exposure to 26 mg F/m suggesting a dose response relationship in 

the Charles River rats .  The BUN af ter  84 mg ~ / m ~  generated by 



TABLE 17 

PULMONARY AND RENAL EFFECTS I N  CHARLES RIVER RATS OF EXPOSURE 
TO 26, 54, o r  84 mg~/m3 HF FOR 6 HOURS 

Lung W t .  Lung Wet W t .  K idney W t .  
Exposure Condi t i  ons Body W t .  Body W t .  D r y  W t .  Body W t .  
( gene ra to r  system) ( 9  (g/kg) (g/kg) 

Postmortem c o n t r o l  246 4.84 4.68 7.59 
5 .13 .03 .20 
(6 (5 )  ( 5 )  ( 5 )  

26mg ~ / m 3  HF 28.3 4.30 4.74 7.01 
(compressed gas) 10 .ll .03 .14 

(6 ( 5  ( 5 )  (6)  

54mg ~ / m 3  HF 273 4.22 4.69 
(compressed gas) 3 .14 .05 

( 6 )  ( 5  (5 )  

84mg F / ~ ~ H F  333 4.36 4.64 6.99 
(aqueous system) 7 .08 .03 .22 

(6 ( 5  ( 5 )  ( 6 )  

B l  ue Spruce Rats  259 4.30 4.57 
27mg ~ / m 3  HF 3 .08 .06 
(compressed Gas) ( 6 )  (5) (5) 

BUN 
(mg%) 

Values expressed as mean, S. E.M., (number o f  animals per  group) .  



t h e  aqueous system f e l l  midway between these  values.  The BUN i n  

Charles River r a t s  fol lowing exposure t o  26 mg F/m3 was 

s i g n i f i c a n t l y  higher than t h e  BUN i n  Blue Spruce r a t s  fo l lowing 

3 exposure t o  27 mg F/m . Without the  appropr ia t e  c o n t r o l  d a t a  it 

is impossible t o  determine i f  Charles River r a t s  a r e  more s e n s i t i v e  

than Blue Spruce r a t s  t o  HF induced r e n a l  damage a s  measured by 

increased BUN o r  i f  the  normal BUN i n  these  animals is higher than 

i n  Blue Spruce animals. 

No change i n  the  lung w e t  weight t o  d r y  weight r a t i o  was seen 

fol lowing any exposure. The lung weight t o  body weight r a t i o  was 

s i m i l a r  i n  t h e  Blue Spruce r a t s  and i n  the  Char les  River r a t s  

exposed t o  26, 54 o r  84 mg F/m3 HF. This r a t i o  was s i g n i f i c a n t l y  

higher i n  the  postmortem c o n t r o l  group than i n  any exposed group. 

This  may be due t o  entrapped blood s i n c e  no blood was removed f o r  

these  animals and the  blood contained i n  the  lung c o n s t i t u t e s  a  

s i g n i f i c a n t  f r a c t i o n  of the  t o t a l  lung weight (Staub,  1974) . 
The t o t a l  and i o n i c  f l u o r i d e  concen t ra t ions  i n  s o f t  t i s s u e s  of 

exposed and c o n t r o l  Char les  River r a t s  a r e  given i n  Table 18. The 

f l u o r i d e  concentra t ions  i n  lung and kidney of  t h e  postmortem 

c o n t r o l  group were s i m i l a r  t o  concen t ra t ions  observed i n  Blue 

Spruce c o n t r o l  r a t s  (Table 1 5 ) .  In  a l l  t i s s u e s  both t o t a l  and 

i o n i c  f l u o r i d e  concen t ra t ions  were markedly e leva ted  over c o n t r o l  

l e v e l s  by exposure to HF. However, i n  only  the  kidneys of r a t s  

exposed t o  HF generated by the  compressed gas  system was t h e r e  a  

s i g n i f i c a n t  inc rease  i n  f l u o r i d e  concentra t ion  wi th  increased a i rborne  

3 HF exposure concentra t ion  (26  vs. 55 mg F/m ) .  A concen t ra t ion  of  



TABLE 18 

MEASURED FLUORIDE CONCENTRATIONS IN SOFT TISSUES OF 
CHARLES RIVER RATS EXPOSED TO 26, 54 o r  84 mg ~ / m 3  HF FOR 6 H O U R S ~  

Exposure Cond i t ions  Lung 
(genera tor  system) ( ~ 9 / 9 )  

T o t a l  I o n i c  

Postmortem c o n t r o l 2  0.4 0.15 

26 mq ~ / m 3  HF 7.6 7.17 
(compressed gas) 

(compressed gas) 

d .  

(aqueous system) 

P l  asma 
(vg/ml 

T o t a l  I o n i c  

Kidney 
(vs/g> 

T o t a l  I o n i c  

B lue  Spruce Rats 3.2 2.98 1.24 1.03 3.0 2.98 
27 mg F/m3 HF .3 .27 .24. .21 .7 .69 
(compressed gas) ( 5 )  ( 5 )  ( 6 )  ( 6 )  ( 6 )  ( 6  > 

Values expressed as mean, S.E.M., (number o f  animals per group). 

2 Tissues f rom c o n t r o l  r a t s  were pooled by group ( 6  r a t s  per  group) 
p r i o r  t o  ana lys is .  The values shown are t h e  concent ra t ions  
measured i n  t h e  t i s s u e  pool  o f  t h e  c o n t r o l  group. 



3 84 mg F/m gene ra t ed  i n  t h e  aqueous system d i d  n o t  f u r t h e r  

3 i n c r e a s e  t h e  r e n a l  f l u o r i d e  over t h a t  produced by 54 mg F/m from 

the  compressed gas  system. Th i s  is i n  c o n t r a s t  t o  Blue Spruce r a t s  

i n  which f l u o r i d e  c o n c e n t r a t i o n s  i n  a l l  t i s s u e s  analyzed inc reased  

wi th  i n c r e a s i n g  a i r b o r n e  HF exposure c o n c e n t r a t i o n .  

T o t a l  and i o n i c  f l u o r i d e  c o n c e n t r a t i o n  i n  a l l  t h r e e  s o f t  

3 t i s s u e s  analyzed o f  Cha r l e s  River  r a t s  exposed to 26 m g  F/m HF 

3 were h igher  than i n  Blue Spruce r a t s  exposed to 27 mg F/m . 
However, i n  plasma and kidney t h e  d i f f e r e n c e s  were n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  The lungs  o f  Cha r l e s  River  r a t s  

con ta ined  2.4 times more f l u o r i d e  ( t o t a l  o r  i o n i c )  t han  t h e  l ungs  

of 31ue Spruce r a t s - e x p o s e d  .to s i m i l a r  c o n c e n t r a t i o n s  o f  HF. Thi s  

d i f f e r e n c e  is s i g n i f i c a n t  a t  t h e  pC0.01 l e v e l .  The C h a r l e s  River  

3 r a t s  exposed to 26 mg F/m e x c r e t e d  a  mean o f  314 pg o f  

f l u o r i d e  ( i o n i c  F-) d u r i n g  t h e  6 hour pos texposure  pe r iod  

compared to 291 pg F i n  t h e  Blue Spruce . r a t s .  The s i m i l a r i t y  of  

t h e  u r i n a r y  f l u o r i d e  e x c r e t i o n ,  t h e  plasma f l u o r i d e  c o n c e n t r a t i o n s  

and kidney f l u o r i d e  c o n c e n t r a t i o n s  between Blue Spruce and Cha r l e s  

River r a t s  a f t e r  exposure  t o  s i m i l a r  HF c o n c e n t r a t i o n s  s u g g e s t s  

t h a t  t h e  sys t emic  f l u o r i d e  burden i n  t h e s e  t w o  groups o f  r a t s  were 

s i m i i a r  . The d i s s i m i l a r i t y  o f  lung f l u o r i d e  c o n c e n t r a t i o n  i n  

exposed Blue Spruce and Cha r l e s  River  r a t s  may be due t o  

d i f f e r e n c e s  i n  t h e  r e g i o n a l  d e p o s i t i o n  of  i n h a l e d  HF. I t  is c l e a r ,  

however, t h a t  d i r e c t  comparison of  t he  d a t a  from both groups o f  

r a t s  would be i n a p p r o p r i a t e .  



Q u a l i t a t i v e  similarities e x i s t  between t i s s u e  AF l e v e l s  i n  

Char les  River and Blue Spruce r a t s  (Tables 8, 16 and 1 9 ) .  I n  r a t s  

obtained from both s u p p l i e r s  exposure t o  H F  generated by the  

compressed gas system l e d  t o  l o w  l e v e l s  of AF while exposure t o  

HF generated by t h e  aqueous system r e s u l t e d  i n  apprec iab le  l e v e l s  

of AF. I n  lung and kidney of Charles River r a t s  exposed t o  26 o r  

3 54 mg F/ HF (compressed gas system) AF concentra t ions  were l o w  

and d i d  not  inc rease  with increased HF exposure concentrat ion.  I n  

plasma of these  r a t s  AF concentra t ion a c t u a l l y  decreased 

s i g n i f i c a n t l y  with increased HE' exposure concentra t ion.  The 

s ign i f i cance  of t h i s  is unclear .  

In  Charles River r a t s  exposed t o  84 mg ~ / m '  HE' generated by 

t h e  aqueous system the  AF concentra t ions  i n  lung,  plasma and 

kidney averaged 33%, 71% and 39% r e s p e c t i v e l y  of t h e  t o t a l  f l u o r i d e  

concenttations. This response is  s imi la r  t o  t h a t  of Blue Spruce r a t s  

exposed t o  55 mg W m 3  HF generated by the  aqueous system i n  which 

these  percentages were 563, 78% and 51%, respec t ive ly .  In  both 

groups the percentages of AF i n  lung and kidney were nea r ly  equal  

and laver than the percentage of AF i n  t h e  plasma. 

The na tu re  of AF i n  the  plasma of  Char les  River r a t s  

fol lawing exposure t o  84 mg ~ / m ~  generated by the  aqueous system 

was inves t iga ted .  Plasma samples were sub jec ted  t o  the  calcium 

phosphate adsorpt ion technique of Venkateswarlu, e t  a l .  (1971) . 
This technique is based on t h e  observat ion t h a t  i o n i c  f l u o r i d e  

adsorbs onto c r y t s a l l i n e  calcium phosphate and can thus  be removed 

f r m  S O P U ~ ~ O ~  by cen t r i fuga t ion  and removal o t  t h e  c f y ~ t a l l i n e  



TABLE 19 ' 

AF CONCENTRATIONS IN SOFT TISSUES OF CHARLES RIVER 
RATS EXPOSED TO 26, 54 o r  84 mg ~ / m 3  HF FOR 6 H O U R S ~  

Exposure Cond i t i ons  Lung P l  asma K i  dney 
(genera tor  system) (PS/S (vg/ml)  ( ~ ! 3 / g  

T o t a l  AF T o t a l  AF T o t a l  AF 

Postmortem c o n t r o l  0.4 0.2 - - - - 0.5 0.3 

26 mg ~ / m 3  HF 7.6 0.5 2.09 0.54 4.0 0.6 
(compressed gas) .3 .3 .35 .08 .6 0.1 

(5 )  (5 )  (6 )  (6 )  (6 )  (6)  

54 mg ~ / m 3  HF 7.9 -0.4 2.11 0.03 7.3 0.4 
(compressed gas) .7 .3 .35 .08 .8 .4 

(5) (6 )  (6 )  ( 6 )  ( 6 )  (6 )  

84 mg ~ / m 3  HF 8.1 2.7 5.63 3.98 6.6 2.6 
(aqueous system) .5 .3 1.14 .93 .8 .6 

( 5 )  ( 6 )  (6 )  ( 6 )  ( 6 )  (6 )  

B 1 ue Spruce Rats 3.2 0.2 1.24 0.21 3.0 0.0 
27 mg ~ / m 3  HF .3 .1 .24 .05 . 7  0.1 
(compressed gas) (5) ( 5 )  (6) ( 6 )  ( 6 )  ( 6 )  

1 Values expressed as mean, S. E.M., (number of animals per  group).  

2 Tissues f rom c o n t r o l  r a t s  were pooled by group (6  r a t s  per  group) 
p r i o r  t o  ana lys is .  The values shown are t h e  concen t ra t i ons  
determined on t h e  t i s s u e  poo l  o f  t h e  c o n t r o l  group. 



phosphate. I n  our l a b o r a t o r y  93% of  i o n i c  f l u o r i d e  s t andards  was 

recovered i n  t h e  calcium phosphate l aye r  by t h i s  technique. The 

r e s u l t s  of calcium phosphate t rea tment  of plasma a r e  shown i n  Table 

20. To ta l  and i o n i c  f l u o r i d e  concentra t ions  were determined on 

both l a y e r s ;  the  AF concen t ra t ion  was c a l c u l a t e d  a s  the  

d i f f e r e n c e  between t h e  t w o .  Af ter adsorpt ion  t h e  upper l a y e r  

contained only  4% o f  the  o r i g i n a l  i o n i c  f l u o r i d e  p resen t  i n  plasma 

and 90% o f  the  recovered AF. The c r y s t a l l i n e  calcium phosphate 

l aye r  contained 87% of the  o r i g i n a l  i o n i c  F- and 12% of  the  

o r i g i n a l  AF. In  the  adsorpt ion  technique the  upper l aye r  was 

decanted o f f  the  c r y s t a l l i n e  calcium phosphate, leaving behind 

approximately 10% of  the o r i g i n a l  volume entrapped i n  t h e  

c r y s t a l l i n e  calcium phosphate l a y e r .  This  entrapped upper l a y e r  

may e x p l a i n  the  12% AF found i n  the  calcium phosphate l a y e r .  The 

t o t a l  f l u o r i d e  recovered ca lcu la ted  by adding t h e  t o t a l  f l u o r i d e  

content  i n  each l a y e r  averaged 107% of the  t o t a l  f l u o r i d e  

o r i g i n a l l y  p resen t  (s tandard  dev ia t ion  of 10%) . This  is q u i t e  good 

agreement cons ider ing  the  preci.sinn of  the  ashing method. 

Venketaswarlu, e t  a l .  (1971) term a l l  f l u o r i d e  which does not  

adsorb t o  calcium phosphate non- ion izab le  f l u o r i d e  . These r e s u l t s  

sugges t  t h a t  m o s t  i f  not  al l  of  the f l u o r i d e  i n  the  AF f r a c t i o n  

of plasma 6 hours a f t e r  exposure t o  HF generated by t h e  aqueous 

system is non-ionizable f l u o r i d e .  

The remaining unt rea ted  plasma samples from the  animals exposed 

3 t o  84 mg F/m F a s  HE' were pooled and then sub jec ted  t o  Sephadex 

G-25 g e l  chromatography. A t o t a l  of 26 2.8 m l  e l u t i o n  samples were 



TABLE 20 

CHARACTERIZATION OF AF IN  PLASMA OF CHARLES RIVER RATS 
EXPOSED TO 84 mg ~ / m 3  FOR 6 HOURS - CALCIUM PHOSPHATE  ADSORPTION^ 

1 I n d i v i d u a l  v a l i ~ e s a r e r e p o r t e d .  A l l  v a l u e s r e p o r t e d i n a h o r i z o n t a l  r o w w e r e o b t a i n e d o n t h e  
plasma o f  a s i n g l e  r a t .  HF generated by aqueous system. 

F l  u o r i  de concent r a t i  on 
be fo re  adsorpt  i on 

! 

To t  a 1 I o n i c  F- AF 

6.3 1.0 5.3 
2.3 1.0 1.3 
6.0 2.0 4.0 
3.6 1.4 2.2 
5.0 1.7 3.3 

Mean 4.6 I .4 3.2 

I I I I 

F l u o r i d e  concen t ra t i on  
a f t e r  ar.l..;.!t-ption 

( ~ g i l n 1  ) 

I o n i z a b l e  F- 
C r y s t a l  l i n e  ca l c i um 
phosphate p e l l e t  

I o n i c  F AF 

0.94 0.4 
0.86 .2 
1.67 .3 
1.26 .2 
1.54 .9 

1.25 .4 

T o t a l  F 
Recovered 

6.3 
2.3 
6.8 
3.6 
6.1 

5.0 

Non- ion izab le  F 
Supernatant . 

Tonic F- AF 

0.03 5.0 
.04 1.2 
.12 4.7 
.03 2.1 
.06 3.6 

.06 3.3 



analyzed  f o r  t o t a l  and i o n i c  F. The e l u t i o n  p r o f i l e  is shown i n  

F igu re  13. The 2 ml of plasma a p p l i e d  t o  t h e  column con ta ined  14.2 

yg t o t a l  F and 3.72 yg o f  i o n i c  F-; 92% o f  the  admin i s t e r ed  

i o n i c  F- was recovered.  A l l  the  i o n i c  F- was e l u t e d  i n  a  

s i n g l e  peak w i t h  a  volume of  e l u t i o n  t o  a  vo id  volume ( V p o )  

ra t io  of 1.88. One hundred s i x  p e r c e n t  of t h e  t o t a l  F admin i s t e r ed  

was recovered ,  however, t h e  l a r g e  v a r i a b i l i t y  i n  t h e  t o t a l  f l u o r i d e  

va lues  make it d i f f i c u l t  t o  i n t e r p r e t  t h e  e l u t i o n  p r o f i l e .  The 

v a r i a b i l i t y  may i n  p a r t  be due t o  t h e  l a r g e  a sh ing  blank which 

averaged 1.0 yg per sample. Two samples had measured t o t a l  

f l u o r i d e  amounts l e s s  t han  t h e  measured i o n i c  f l u o r i d e .  I f  it is 

assumed t h a t  t r u e  e l u t i o n  peaks must have width a s  w e l l  a s  h e i g h t  

(i .e.,  t h a t  any peak which does n o t  cover  2 o r  more e l u t i o n  samples 

is an a n a l y t i c a l  a r t i f a c t )  it appears  t h a t  AF is e l u t e d  i n  two 

peaks,  one w i t h  a  V Po r a t i o  o f  1.62, t h e  o t h e r  w i t h  a  r a t i o  

of 1.98. Samples e l u t i n g  i n  t h i s  p o r t i o n  of  t h e  p r o f i l e  have low 

molecular  weights  (Thomas, 1977) ; however, i n  t h i s  range t h e  

molecular  weight cannot  be determined a c c u r a t e l y .  S i n c e  Sephadex 

G-25 exc ludes  molecules  wi th  molecular  weights  i n  exces s  of  5,000 

d a l t o n s ,  ( t h e s e  compounds would e l u t e  w i th  t h e  void volume, 

Determan, 1969) and a l l  o f  t he  t o t a l  f l u o r i d e  was recovered  i n  

e l u t i o n  samples wi th  Ve/v0 r a t i o s  g r e a t e r  than 1.0 t h e  r e s u l t s  

of  t h i s  chromatographic procedure  sugges t  t h a t  t h e  molecular  weight  

of AF is less than  5,000 d a l t o n s .  

I n  t h e  next  experiment male Long Evans r a t s  were exposed t o  HF 

genera ted  by t h e  compressed gas  system i n  combination w i t h  



FIGURE 13 

Sephadex 6 2 5  elution profi le  of plasma of Charles River ra t s  exposed 

to 84 mg ~ / m ~  HE' generated by the aqueous system. Ionic fluoride 

content (closed c i rc les)  and to ta l  fluoride content (open c i rc les)  of 

each elution sample was determined. The volume of elution t o  the void 

volume rat ios (Ve/Vo) for  the major peaks are shown. 
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increased r e l a t i v e  humidity t o  i n v e s t i g a t e  i f  the a d d i t i o n a l  water 

vapor p r e s e n t  i n  HF atmospheres generated by t h e  aqueous system 

con t r ibu ted  t o  the  presence of  the high AF concen t ra t ions  i n  

t i s s u e s  of r a t s  exposed t o  HF atmosphere generated by t h e  aqueous 

system. Increased r e l a t i v e  humidity was generated by bubbling 4 

l i t e r s / m i n  of c l e a n  room a i r  through double d i s t i l l e d  water i n  a  

, Teflon bubbler and feeding that a i r  i n t o  t h e  chamber. Chamber 

r e l a t i v e  humidity was no t  measured. 

I n  Figure  14 the  a i rborne  F concen t ra t ion  measured dur ing the  

HE' exposure is p l o t t e d  versus exposure time. The time weighted 

average f l u o r i d e  concentra t ion  f o r  the  6 hour exposure was 111 mg 

~ / m ' .  Also shown i n  t h i s  f i g u r e  a r e  the  a i rborne  f l u o r i d e  

3 concentra t ions  measured during the  116 mg F/m exposure descr ibed 

i n  the  dose-response experiment. I n  both cases  (116 mg ~ / m ~  and 

111 mg F/m3) t h e  HF was generated by the  compressed gas system; 

water vapor was added on ly  i n  the  111 mg F/m3 exposure. To ta l  

f l w  r a t e s  through the  chamber were s i m i l a r  i n  both experiments. 

The s i m i l a r i t y  o f  a i rborne  f l u o r i d e  concentra t ion  dur ing both 

exposures i n d i c a t e s  t h a t  any d i f f e r e n c e  i n  t h e  t i s s u e  .F l e v e l s  i n  

animals f o l l m i n g  t h e s e  exposure cannot be a t t r i b u t e d  t o  

d i f f e r e n c e s  i n  t h e  l e v e l  of  HE' p r e s e n t  i n  t h e  chamber a i r .  Animals 

were s a c r i f i c e d  6 hours fol lowing the  te rminat ion  of both exposures 

and necropsied i n  t h e  s tandard  manner. I n  both cases  animals were 

obta ined from Blue Spruce Farms.  

The pulmonary and r e n a l  e f f e c t s  of exposure t o  HF p l u s  water 

vapor a r e  shown i n  Table 21. The animals exposed t o  111 mg F/m3 



FIGURE 14 

Measured airborne fluoride concentration versus exposure tine for 

the 111 mg F/m3 HF plus water vapor (closed c i r c l e s )  and the 

116 mg F/m3 (XI s) HE' exposures. 





TABLE 21 

PULMONARY AND RENAL EFFECTS OF EXPOSURE TO 111 mg F/m3 
PLUS WATER  VAPOR^ 

Lung 
Lung W t .  Wet W t .  Kidney W t .  

Exposure Condi t ions Body W t .  Body W t .  Dry W t .  Body W t .  
( a )  (9/ kg (g/kg) 

111 mg ~ / m 3  HF 402 4.21 4.72 6.34b 
p1 us water vapor 3 .16 .02 .I9 

( 6  1 (4 )  (3)  (4 )  

Cont ro l  

BUN 
mg% 

1 Values expressed as meanl, S.E.M., (number o f  animals per group). HF generated by compressed 
gas technique. 

a p>0.05 compared t o  116 mg ~ / m 3  HF group. 

p>0.01 compared t o  116 mg F/m3 HF group. 



p l u s  water vapor were o lde r  a s  shown by t h e i r  body weight ,  than 

3 animals exposed t o  116 mg F/m a lone .  The kidney weight t o  body 

3 weight r a t i o  was s i g n i f i c a n t l y  lower i n  the  111 mg F/m p l u s  

water vapor exposed r a t s  than i n  t h e  o ther  group; however, s t u d i e s  

t o  be described below i n d i c a t e  t h a t  the  kidney weight t o  body 

weight r a t i o  decreases  with age. This  r a t i o  i n  the  111 mg F/m 3 

p lus  water vapor group was no d i f f e r e n t  than t h a t  i n  405 gram 

c o n t r o l  r a t s  s a c r i f i c e d  i n  the  HF r e t e n t i o n  experiment t o  be 

described.  The BUN was a l s o  s i g n i f i c a n t l y  lower i n  r a t s  exposed t o  

HI? p lus  water vapor than i n  r a t s  exposed t o  HF alone.  However, 

when BUN is p l o t t e d  a g a i n s t  t h e  logar i thm of plasmic i o n i c  f l u o r i d e  

concentra t ion  (Figure 9)  i t  is seen t h a t  water vapor d i d  not  a f f e c t  

t h e  r e l a t i o n s h i p  between plasma f l u o r i d e  and BUN. 

To ta l  and i o n i c  f l u o r i d e  concentra t ions  i n  s o f t  t i s s u e s  of r a t s  

exposed t o  116 mg p/m3 and 111 mg p/m3 p l u s  water vapor a r e  

given i n  Table 22. T o t a l  and i o n i c  f l u o r i d e  concen t ra t ions  i n  

plasma and kidney were unaffec ted  by a d d i t i o n  of water vapor t o  the  

exposure atmosphere, however both t o t a l  and i o n i c  lung f l u o r i d e  

concentrat ionswere s i g n i f i c a n t l y  lower i n  r a t s  exposed t o  111 mg 

F/m3 HF p l u s  water vapor than r a t s  exposed t o  116 mg F/m3 W .  

The s i m i l a r i t y  i n  plasma f l u o r i d e  concen t ra t ion  i n  t h e s e  two groups 

suggests  t h a t  the  sys temic  f l u o r i d e  burden i n  both groups of r a t s  

a r e  s imi la r .  One p o s s i b l e  exp lana t ion  f o r  t h e s e  r e s u l t s ,  

t h e r e f o r e ,  is  t h a t  increased chamber r e l a t i v e  humidity a 1  t e r s  the 

r eg iona l  deposi t ion  o f  HE' i n  t h e  r e s p i r a t o r y  t r a c t  without changing 

the  t o t a l  amount of HF deposi ted .  



TABLE 22 

MEASURED FLUORIDE CONCENTRATIONS IN  SOFT TISSUES OF 
RATS EXPOSED TO 111 mg ~ / m 3  PLUS WATER  VAPOR^ 

Exposure Lung P 1 asma Kidney 
Cond i t ions  (lJg/9> (lJg/ml) (lJg/g) 

T o t a l  I o n i c  T o t a l  I o n i c  T o t a l  I o n i c  

111 mg ~ / m 3  HF 12. a 12.1a 5.40 5.70 12. 11.6 
p l u s  water vapor 1.2 1.4 .30 .34 1.5 2.3 

( 4 )  (4 )  ( 4 )  ( 4 )  (.4) ( 4 )  

1 Values expressed as mean, S.E.M., (number o f  animals per  
group).  HF generated by compressed gas technique. 

2 Tissue samples f rom c o n t r o l  r a t s  were pooled by group (6  r a t s  
per  group) p r i o r  t o  ana lys is .  The values shown are  t h e  
concent ra t ions  measured i n  t h e  t i s s u e  poo ls  o f  t h e  two c o n t r o l  
groups sac r i f i ced .  

a . pc0.05 compared t o  116 mg ~ / m 3  HF group. 



Significant amounts of AF were not detected i n  so f t  tissues of 

3 rats  exposed t o  111 mg F/m HF plus water vapor (Table 23) . In 

lung and plasma the to ta l  fluoride averaged less  than the ionic 

fluoride concentration, but in  both cases the difference was within 

the precision of the analytical techniques. The AF concentration 

3 i n  plasma of r a t s  exposed to  111 mg F/m HF plus water 

vapor were significantly less than in  ra t s  exposed to  116  mg F/m 3 

alone. Instead of increasing the amount of AF present in ra t s  

exposed to HF, the addition of water vapor to  HF atmospheres appears 

to actually inhibit  the formation of AF. 

C. HE' Re tention Experiment 

Sixty male Long Evans rats  obtained from Blue Spruce Farms were 

exposed to HE' generated by the compressed gas system for 6 hours in 

a 1.8 m3 Rochester chamber and sacrificed ser ia l ly  up to 42 days 

postexposure. Groups of rats  were housed in metabolic cages during 

the postexposure period and 24 hour urine and fecal samples were 

collected. The purpose of t h i s  experiment was to examine the 

retention and excretion of fluoride in HF exposed rats .  Another 

group of 60 male Long Evans ra t  were exposed to clean a i r  for 6 

hours in a similar chamber three days la ter  and served as a control 

group. Rats were assigned to control or exposure groups and to 

specific sacrif ice times on the basis of a random number table. 

The airborne fluoride concentrations measured a t  several times 

during the HF exposure are given in Figure 15. The time weighted 

3 average fluoride concentration for the exposure was 10.2 mg F/m . 



TABLE 23 

AF CONCENTRATIONS IN SOFT TISSUES OF 
RATS EXPOSED TO 111 mg ~ / m 3  PLUS WATER  VAPOR^ 

Exposure Condi t i  ons Lung Pl asma Ki dney 
(vg/g> (vg/ml) (pg/g) 

Total AF Total AF Total AF 

111 mg ~ / m 3  HF 12. -0.3a 5.40 -0.30b 12. 0.5 
plus water vapor 1.2 .3 .30 .34 1.5 1.1 

(4 )  (4 )  ( 4 )  ( 4 )  ( 4 )  (4 )  

1 Values expressed as mean, S.E.M., (number of animals per 
group). HF generated by compressed gas technique. 

2 Tissue samples from control  r a t s  were pooled by group (6 r a t s  
per group) p r io r  t o  analysis .  The values. shown a re  the  
concentrat ions measured in the t i s sue ' poo l s  of t he  two control  
groups sacr i f i ced .  

a pc0.05 compared t o  116 mg F/m3 HF group. 

p<0.01 compared t o  116 mg F/m3 HF group. 



FIGURE 15 

Measured a i r  borne f l u o r i d e  concentra t ion  versus exposure time i n  t h e  

10.2 mg F/m3 AF r e t e n t i o n  experiment exposure. 





In  t h e  subsequent d i scuss ion  a l l  postexposure t imes r e f e r  t o  

t h e  s t a r t  of exposure and a r e  given i n  days. Thus 1 / 4  day ( 6  

hours)  r ep resen t  the  animals s a c r i f i c e d  immediately a f t e r  the  6 

hour exposure. S i m i l a r l y  the  animals s a c r i f i c e d  a t  1/2 day were 

s a c r i f i c e d  6 hours a f t e r  the terminat ion  of  the  6 hour exposure. 

These animals a r e  comparable to those  i n  t h e  dose-response 

experiment. Timing f o r  the  c o n t r o l  animals r e f e r s  t o  t h e  s t a r t  of  

t h e  c o n t r o l  exposure. S ince  t h e  HF exposure and t h e  c o n t r o l  

exposure were separa ted  by 3 days s i m i l a r  times given f o r  the  two 

groups of animals ( i .e. ,  4 days postexposure f o r  exposed ve r sus  

4 days postexposure f o r  c o n t r o l s )  do no t  r ep resen t  the  same 

calendar day. 

The pulmonary e f f e c t s  of  exposure t o  10.2 mg ~ / m ~  HF a r e  

given i n  Table 24. A l l  r a t s  were weighed 1 day p r i o r  t o  t h e  HF 

exposure and 7 days a f t e r  the  HF exposure. A t  both times the  mean 

body weight of c o n t r o l  and exposed r a t  groups were s i m i l a r .  The 

body weights a t  each s a c r i f i c e  t i m e  were s i m i l a r  i n  c o n t r o l  and 

exposed animals a l s o .  The lung weight t o  body weight r a t i o  i n  r a t s  

s a c r i f i c e d  on day 14 a f t e r  H F  exposure was s i g n i f i c a n t l y  higher 

than i n  c o n t r o l  r a t s  s a c r i f i c e d  14 days a f t e r  t h e  c o n t r o l  expos- 

ure. However, a t  no o the r  time was the  lung weight t o  body weight 

r a t i o  i n  HF exposed animals s i g n i f i c a n t l y  a l t e r e d  and i n  c o n t r o l  

r a t s  s a c r i f i c e d  on days 1/2, 8 and 28 t h e  mean lung weight t o  body 

weight was higher than t h a t  i n  exposed r a t s  s a c r i f i c e d  on day 1 4 .  

I n  no s a c r i f i c e  group was the  lung w e t  weight t o  d ry  weight r a t i o  

of  exposed r a t s  s i g n i f i c a n t l y  d i f f e r e n t  than c o n t r o l  l e v e l s .  



TABLE 24 

PULMONARY EFFECTS FOLLOWING EXPOSURE TO 10.2 mg ~ / m 3  
HF FOR 6 H O U R S ~  

Lunq 
w e t - ~ t .  

S a c r i f i c e  day Body Weight D?j3K 
(9 )  (g/kg ) 

Cont ro l  Exposed Con t ro l  Exposed Con t ro l  Exposed 



TABLE 24 ( c o n t i  nued) 

PULMONARY EFFECTS FOLLOWING EXPOSURE TO 10.2 mg ~ / m 3  
HF FOR 6 H O U R S ~  

Lunq 
Lung ~ t .  w e t - ~ t .  

S a c r i f i c e  day Body Weight Body W t .  Dry W t .  
(9 )  (g/kg 

Cont ro l  Exposed Cont ro l  Exposed Cont ro l  Exposed 

1 Values expressed as mean, S.E.M., (number o f  animals per group). 
HF generated by compressed gas technique. 

2 S a c r i f i c e  day i s  repor ted  w i t h  respect  t o  the  day o f  c o n t r o l  o r  
HF exposure. On days -1 and 7 w i t h  respect  t o  t h e  HF exposure 
a l l  r a t s  were weighed. These two days correspond t o  days -4 and 
3, respec t i ve l y ,  w i t h  respect  t o  t h e  c o n t r o l  exposure. 



The r e n a l  e f f e c t s  of exposure t o  10.2 mg E'/m3 HF' are given i n  

Table 25. It  was noticed dur ing t h e  f i r s t  few days postexposure 

t h a t  u r ines  c o l l e c t e d  from nonfas t ing  r a t s  were heav i ly  

contaminated with food and/or f eces .  I t  was decided,  t h e r e f o r e ,  t o  

f a s t  the animals fo r  the  24 hour per iod  p r i o r  t o  s a c r i f i c e .  

Theref o r e ,  t h e  animals were f a s t e d  on days 8, 14, 21, 28 and 42. 

The experimental  p ro toco l  a l r eady  c a l l e d  f o r  f a s t i n g  on day 1. The 

u r i n e  samples c o l l e c t e d  f o r  f a s t i n g  animals were much c leaner  than 

those  f o r  animals which had access  t o  food. Tap water was always 

a v a i l a b l e .  The kidney weight t o  body weight r a t i o  i n  exposed 

animals s a c r i f i c e d  on day 8 was s i g n i f i c a n t l y  higher than day 8 

c o n t r o l  l e v e l s .  Hcwever, a t  no o t h e r  time was t h i s  r a t i o  e l eva ted  

i n  exposed animals. I n  both c o n t r o l  and exposed r a t s  the kidney 

weight t o  body weight r a t i o  decreased s i g n i f i c a n t l y  on t h e  42nd day 

postexposure period. The BUN was not e l eva ted  i n  exposed r a t s  

s a c r i f i c e d  from days 1/2 t o  14. BUN was not  measured on r a t s  

s a c r i f i c e d  on days 21, 28 o r  42 because no e f f e c t  was seen during 

t h e  f i r s t  14 days a f t e r  exposure. Also, no e f f e c t  o f  HF exposure 

on u r ina ry  p r o t e i n  exc re t ion  was evident .  u r i n a r y  p r o t e i n  was only  

measured on days 1, 2, 4 and 8. The ur inary  p r o t e i n  e x c r e t i o n  was 

s i g n i f i c a n t l y  lower during days i n  which the  r a t s  were f a s t i n g .  

Th i s  may represen t  decreased food and/or f e c a l  contamination of 

u r ine  on those  days or  may be due t o  some phys io log ica l  response of 

t h e  r a t  t o  food depr ivat ion .  Water consumption and u r i n e  volume 

were measured throughout t h e  e n t i r e  42 day postexposure 

pcriod.  HF cxpmure  d i d  not s f f c c t  m y  of these parameters. 



TABLE 25 

RENAL EFFECTS FOLLOWING EXPOSURE TO 10.2 mg ~ / m 3  H F ~  

Kidney W t .  
S a c r i f i c e  day Body W t . BUN U r i  na ry  P r o t e i  n Exc. 

(g/kg) (mg%) (mg/day) 
Cont ro l  Exposed Cont ro l  Exposed Cont ro l  Exposed 



TABLE 25 (conti nued) 

RENAL EFFECTS FOLLOWING EXPOSURE TO 10.2 mg ~ / m 3  H F ~  

Kidney W t .  
Sacr if ice  day Body Wt. BUN Uri nary Prot e i  n Exc . 

(g/kg) (ms%> (mg/day) 
Control Exposed Control Exposed Control Exposed 

1 Values reported as mean, S. E.M., (number of animals per group). 
HF generated by compressed gas technique. 

2 These values are from control r a t s  sacr if iced in dose response 
experiment 

3 Urine collected from 6-24 hours on 1s t  day (18 hour urine).  Rats 
were fasted during t h i s  period. 

4 Rats w e r e f a s t e d d u r i n g t h i s 2 4  hour period. 



T o t a l  and i o n i c  f l u o r i d e  concen t ra t ions  i n  s o f t  t i s s u e s  of  

c o n t r o l  animals a r e  shown i n  Table 26. The lungs  from each animal 

i n  a s a c r i f i c e  group were pooled and then homogenized a s  were a l s o  

t h e  kidneys. The plasmas were analyzed f o r  i o n i c  f l u o r i d e  

s e p a r a t e l y  and then pooled f o r  ashing.  The mean i o n i c  plasma f l u o r i d e  

concentra t ion  is given,  t h e  s tandard  e r r o r  f o r  each group was less 

than 0.005 pg/ml. The i o n i c  f l u o r i d e  i n  lungs of c o n t r o l  animals 

s a c r i f i c e d  a t  1/4 day was higher than a t  any o the r  time. The 

reasons fo r  t h i s  a r e  not c l e a r ,  bu t  a s i m i l a r  e f f e c t  has been seen 

p rev ious ly  i n  c o n t r o l  chamber exposed guinea p igs  (Smith, 1975) .  

The d a t a  from every s a c r i f i c e  t i m e  were used t o  c a l c u l a t e  the  mean 

and s tandard  e r r o r  f o r  t h e  e n t i r e  c o n t r o l  group. These values a r e  

given a t  the  bottom of the t a b l e .  

T o t a l ,  and i o n i c  concen t ra t ions  i n  s o f t  t i s s u e s  of animals 

s a c r i f i c e d  a f t e r  exposure t o  HE' a r e  given i n  Table 27. The 

f l u o r i d e  concentra t ions  i n  a l l  s o f t  t i s s u e s  of r a t s  s a c r i f i c e d  a t  

1/2 day i n  t h i s  experiment a r e  q u i t e  s i m i l a r  t o  those  i n  r a t s  

s a c r i f i c e d  6 hours a f t e r  6 hour exposure t o  11 mg E'/m3 i n  the  

dose-response experiment (Table 15) . Tota l  and i o n i c  f l u o r i d e  

l e v e l s  i n  a l l  t h ree  t i s s u e s  were s i g n i f i c a n t l y  e l eva ted  immediately 

fo l lowing exposure (1/4 day group) . I o n i c  f l u o r i d e  concen t ra t ions  

i n  t h e s e  r a t s  was e levated  by a t  l e a s t  an order  of magnitude over 

c o n t r o l  l e v e l s .  These animals (1 /4  day group) were s a c r i f i c e d  from 

5 t o  65 minutes fol lowing exposure t o  HF. I o n i c  lung f l u o r i d e  

concentra t ion  d i d  not c o n s i s t e n t l y  decrease  with succeeding r a t s  

s a c r i f i c e d  wi th in  t h i s  time per iod ,  sugges t ing  t h a t  l a r g e  amounts 



TABLE 26 

MEASURED FLUORIDE CONCENTRATIONS IN SOFT TISSUES OF RATS 
SACRIFICED SERIALLY AFTER CONTROL  EXPOSURE^ 

Sac r i f i c e  Day Lung Pl asma Ki dney 
( ~ 9 1 9  (vg/ml) (vg/g> 

Total Ionic Total Ionic Total Ionic 

Mean 0.5. .04 .08 .038 0.1 .04 
S.E.M. 0.1 .02 .01 .002 .O .01 
( 4  (9 )  (9  (9  (9 )  ( 9 )  ( 9 )  

1 Tissue samples from control  r a t s  were pooled by group (5-6 r a t s  
per group) p r io r  t o  analysis .  The values shown are  t he  
concentrat ions measured in the  t i s s u e  pool of each group. HF 
generated by compressed gas technique. 



TABLE 27 

MEASURED FLUORIDE CONCENTRATIONS IN RATS SACR IF1  CED 
SERIALLY AFTER EXPOSLJRE TO 10.2 mg ~ / m 3  HF FOR 6 HOURS1 

S a c r i f  i ce Day Lung P l  asma K i  dney 
(Pg/g) (~rg /ml )  

T o t a l  I o n i c  
(~-19/g 

T o t a l  I o n i c  T o t a l  I o n i c  



TABLE 27 ( c o n t i  nued) 

MEASURED FLUORIDE CONCENTRATIONS IN RATS SACRIFICED 
SERIALLY AFTER EXPOSURE TO 10.2 mg ~ / m 3  HF FOR 6 HOURS1 

S a c r i f i c e  Day Lung P l  asma K i  dney 
( ~ 9 / 9 )  (pg/ml) (JJg/g) 

T o t a l  I o n i c  T o t a l  I o n i c  T o t a l  I o n i c  

Cont ro l  0.5 0.04 0.08 0.038 0.1 0.04 
.1 .02 . O 1  .002 .o .01 
( 9 )  (9) (9 (9 (9 )  (9) 

1 Values expressed as mean, S.E.M., (nmber o f  animals per  group).  
HF generated by t h e  compressed gas technique. 

a pc0.05 compared t o  c o n t r o l  

b p<0.01 compared t o  c o n t r o l  



of  f l u o r i d e  a r e  no t  c l e a r e d  from the lung  w i t h i n  5-65 minute 

pos texposure  per iod .  The i o n i c  l ung  f l u o r i d e  c o n c e n t r a t i o n  was 

s i g n i f i c a n t l y  h igher  than  c o n t r o l  l e v e l s  i n  an imals  s a c r i f i c e d  from 

1 / 4  t o  21 days pos texposure ;  t h e  i o n i c  l ung  f l u o r i d e  c o n c e n t r a t i o n  

i n  an imals  s a c r i f i c e d  on  days 28 and 42 .was  no d i f f e r e n t  from 

c o n t r o l  l e v e l s .  S i m i l a r l y  t h e  i o n i c  plasma f l u o r i d e  c o n c e n t r a t i o n  

i n  exposed an imals  s a c r i f i c e d  on days 1/4 through 28 were 

s i g n i f i c a n t l y  h igher  t han  c o n t r o l .  I n  exposed r a t s  t h e  

c o n c e n t r a t i o n  of i o n i c  f l u o r i d e  i n  l ung  was s i g n i f i c a n t l y  h igher  

t h a n  i n  p l a s n a  i n  eve ry  s a c r i f i c e  group excep t  t h e  28 day group. 

The i o n i c  f l u o r i d e  l e v e l s  i n  t h e  kidneys of exposed an ima l s  were 

s i g n i f i c a n t l y  h ighe r  t han  c o n t r o l  l e v e l s  a t  e v e r y  s a c r i f i c e  time up 

t o  and i n c l u d i n g  42 days  postexposure.  

The mean lung ,  plasma and kidney i o n i c  f l u o r i d e  c o n c e n t r a t i o n s  

a r e  p l o t t e d  ve r sus  postexposure t i m e  i n  F i g u r e  16. A s i m i l a r  p l o t  

is o b t a i n e d  wi th  t o t a l  F c o n c e n t r a t i o n s ,  b u t  s i n c e  t h e  i o n i c  

f l u o r i d e  a n a l y t i c a l  technique is more p r e c i s e  and has a  l i m i t  of 

s e n s i t i v i t y  10 times lower t h a n  t h e  t o t a l  f l u o r i d e  method, i o n i c  

f l u o r i d e  l e v e l s  are used i n  t h i s  f i g u r e  and i n  subsequent  calcu-  

l a t i o n s .  I n  a l l  t h r e e  t i s s u e s  most of t h e  f l u o r i d e  is removed 

q u i c k l y  a f t e r  HE' exposure but  a  sma l l  f r a c t i o n  of the  f l u o r i d e  i s  

r e t a i n e d  f o r  a  long  p e r i o d  of time. 

The a r i t h m e t i c  mean lung  i o n i c  f l u o r i d e  d a t a  were analyzed f o r  

decay c o n s t a n t s  and i n t e r c e p t s  by cu rve  f i t t i n g .  The mean c o n t r o l  

i o n i c  l ung  f l u o r i d e  c o n c e n t r a t i o n  (0.04 1-19/9) was s u b t r a c t e d  f ram 

t h e  mean i o n i c  lung  f l u o r i d e  c o n c e n t r a t i o n  of each  exposed animal 



Mean 1 ung , plasma and kidney i o n i c  f l u o r i d e  c o n c e n t r a t i o n  fo l l owing  

3 exposure t o  10.2 mg F/m HF ve r sus  pos texposure  t i m e .  The mean 

c o n t r o l  va lue  is shown by t h e  h o r i z o n t a l  l i n e .  





s a c r i f i c e  group f o r  a n a l y s i s .  These d a t a  a r e  p l o t t e d  

semilogar  i t h m i c a l l y  a g a i n s t  pos texposure  t i m e  i n  F i g u r e  17. The 

d a t a  f o r  animals s a c r i f i c e d  on days 2 8  and 42 were not  used because 

t h e  lung  f l u o r i d e  l e v e l s  i n  t h e s e  an imals  were no t  s i g n i f i c a n t l y  

h ighe r  t han  c o n t r o l  l e v e l s .  The l i n e s  were f i t  by a l e a s t  s q u a r e s  

technique  l i n e a r  r e g r e s s i o n  us ing  t h e  loga r i thm of  t he  i o n i c  

f l u o r i d e  concen t r a t ion  and pos texposure  time. The l a r g e  amount of 

s c a t t e r  i n  t h e  d a t a  is ev iden t  i n  F i g u r e  17. The pulmonary 

r e t e n t i o n  o f  f l u o r i d e  fo l lowing  HF exposure appea r s  t o  be 

b iphas i c .  The equa t ion  ob ta ined  f o r  t h e  i o n i c  l ung  f l u o r i d e  

concen t r a t ion  (L) a f t e r  HE' exposure  is: 

-1 . w i t h  t h e  f r a c t i o n a l '  t r a n s f e r  c o n s t a n t s  g iven  i n  day . 
The plasma and kidney d a t a  were analyzed by t h e  same 

technique.  The f r a c t i o n  of  the i n i t i a l  f l o u r i d e  c o n c e n t r a t i o n  (1/4 

day) and t h e  r e t e n t i o n  half- t imes c a l c u l a t e d  f o r  a l l  t h r e e  s o f t  

t i s s u e s  a r e  given i n  Tab le  28. The 95% conf idence  l i m i t s  f o r  each 

c a l c u l a t e d  half- t ime a r e  a l s o  g iven  i n  t h i s  t a b l e .  The l a r g e  

s c a t t e r  i n  t h e  d a t a  is r e f l e c t e d  i n  t h e s e  95% conf idence  l i m i t s .  

The concenc t r a t ion  o f  f l u o r i d e  i n  t h e  lung  immediately a f t e r  HF 

exposure is dependent on t h e  r a t e  a t  which i t  e n t e r s  t h i s  s i t e  

du r ing  exposure and t h e  r a t e  wi th  which i t  is removed. If t h e  

expec ted  lung burden a t  t h e  end of t he  6 hour exposure is es t ima ted  

assuming a v e n t i l a t i o n  r a t e  of 0.15 l i t e r w n f o r  t h e  300 gram r a t  

(Guytun, 1947) and t h e  r e t e n t i o n  k i n e f i e s  ob ta ined  i n  t h i s  



FIGURE 17 

Log of t h e  mean lung ionic fluoride concentration following 

exposure to  10.2 mg ~ / m ~  HF versus postexposure time. The linear 

regression l ines are shown. 





TABLE 28 

Tissue 

Lung 
ionic F- 

t o t a l  F 3 

FLUORIDE RETENTION HALF-TIMES IN 'SOFT TISSUES OF 
RATS EXPOSED TO 10.2 mg ~ / m 3  HF FOR 6 H O U R S ~  

% I n i t i a l  burden Retenti on 95% c . L . ~  
retained with given half-time 
half-time 

P 1 asma 
ionic F- 8% 

9% 
to ta l  F 3 5% 

Kidney 
ionic F- 

95% 
t o t a l  F 3 12% 

(days ) days 

1 Retention ha l f - t imeswereca lcu la tedus ingmean t i ssue  i o n i c o r  
to ta l  f luoride concentration a t  each sac r i f i ce  time. HF 
generated by compressed gas technique. 

2 95% confidence 1 imits. 

3 The retention half-time fo r  the long term component was 
calculated using total  f luoride concentration and i s  given f o r  
comparison w i t h  the value obtained using ionic f luor ide  
concentration f o r  the calculations.  



experiment ,  an  i n t e r e s t i n g  r e s u l t  is obta ined .  For t h i s  rough 

e s t i m a t i o n  t h e  long  term phase of pulmonary f l u o r i d e  r e t e n t i o n  is 

ignored;  it is assumed t h a t  100% o f  the  f l u o r i d e  is  c l e a r e d  w i t h  a 

ha l f - t ime of 0.2 days. I t  is a l s o  assumed t h a t  HE' e n t e r s  t h e  lung  

a t  a c o n s t a n t  r a t e  equal  t o  t h e  average a i r b o r n e  c o n c e n t r a t i o n  

3 (10.2 mg F/m ) t imes  the  v e n t i l a t i o n  r a t e  (0.15 l i t e r / m i n )  . With 

t h e s e  assumptions a p l m o n a r y  f l u o r i d e  burden o f  369 pg o r  260 

pg/g (mean lung  weight 1.42 grams) is obta ined .  I f  the l ong  term 

component of  f l u o r i d e  r e t e n t i o n  is n o t  ignored  an even l a r g e r  

e s t i m a t e  is obta ined .  The l a r g e  d i sc repancy  between t h i s  e s t i m a t e  

and t h e  va lue  o f  3.27 pg/g measured i n  rats s a c r i f i c e d  5-65 

minutes pos texposure  sugges t s  t h a t  some impor tan t  f a c t o r  has not  

been cons idered .  Two p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  d i sc repancy  

a r e  1) o n l y  a small  f r a c t i o n  of t h e  tZF i n h a l e d  is depos i t ed  i n  t h e  

lung  (i .e. ,  i t  may be removed i n  t h e  upper r e s p i r a t o r y  t r a c t )  o r  

2 ) ,  t h e r e  is a very  r a p i d  c l e a r a n c e  o f  f l u o r i d e  i o n  from t h e  lung  

t h a t  was not  d e t e c t e d  i n  t h i s  experiment (i .e., t h e  l ung  f l u o r i d e  

c o n c e n t r a t i o n  decreased  from 260 pg/g t o  3.27 pg/g i n  t h z  f i r s t  

5 minutes  o f  t h e  pos texposure  p e r i o d ) .  

The AF c o n c e n t r a t i o n s  i n  s o f t  t i s s u e s  of r a t s  s a c r i f i c e d  

a f  t e r  exposure t o  10.2 mg ~ / m ~  a r e  g iven  i n  Tab le  29. A t  no 

s a c r i f i c e  t i m e  were t h e  AF c o n c e n t r a t i o n s  i n  lung and plasma 

s i g n i f i c a n t l y  e l e v a t e d  over c o n t r o l  l e v e l s .  AF c o n c e n t r a t i o n  i n  

the kidneys of exposed animals s a c r i f i c e d  on days 1/4, 1/2,  4 and 8 

were s i g n i f i c a n t l y  h igher  than c o n t r o l  l e v e l s ,  b u t  t h e  d i f f e r e n c e s  

between exposed and c o n t r o l  kidney AF c o n c e n t r a t i o n s  were never 



TABLE 29 

AF CONCENTRATION IN SOFT TISSUES OF RATS SACRIFICED 
SERIALLY AFTER EXPOSURE TO 10.2 mg ~ / m 3  HF FOR 6 H O U R S ~  

S a c r i f i c e  Day Lung P l  asma Ki dney 
(Fg/s) O s / m l >  

T o t a l  I o n i c  T o t a l  I o n i c  
O g / s )  

T o t a l  I o n i c  



TABLE 29 (cont i  nued) 

AF CONCENTRATION IN SOFT TISSUES OF RATS SACRIFICED 
SERIALLY AFTER EXPOSURE TO 10.2 mg ~ / m 3  HF FOR 6 HOURS 

S a c r i f i c e  Day Lung Pl asma Ki dney 
(vg/g) (vg/ml) (vg/g 

Total Ionic  Total  Ionic  Total Ionic  

control  0,5 0.4 0.08 0.05 0.1 0.1 
.1 .1 .01 .01 .o .o  
( 9 )  (9) (9)  (9) (9)  (9) 

1 Values expressed as mean, S.E.M., (number of animals per 
group). HF generated by compressed gas system. 

a p<0.05 compared t o  control 

b p<0.01 compared t o c o n t r o l .  



l a r g e r  t h a t  t h e  a n a l y t i c a l  e r r o r  o f  t h e  t o t a l  f l u o r i d e  technique  

( t o t a l  kidney f l u o r i d e  can  be  determined 20.3 yg/g) .  However, 

t h e  c o n s i s t a n c y  o f  t h e  inc reased  AF c o n c e n t r a t i o n  i n  k idneys  o f  

r a t s  exposed t o  HF sugges t s  t h a t  e l e v a t e d  l e v e l s  o f  AF were 

a c t u a l l y  p r e s e n t .  

Femurs from c o n t r o l  and exposed an imals  s a c r i f i c e d  on  days 2, 

8 ,  28, and 42 were analyzed f o r  t o t a l  f l u o r i d e  c o n t e n t .  The mean 

and s t a n d a r d  e r r o r  f o r  each group a r e  p l o t t e d  a g a i n s t  pos texposure  

time i n  F igu re  18. The amount o f  f l u o r i d e  i n  t h e  femur i n c r e a s e d  

wi th  pos texposure  t i m e  i n  both c o n t r o l  and exposed animals .  On 

days 2, 8, 42 t h e  amount o f  f l u o r i d e  i n  t h e  femurs of  exposed 

an imals  was s i g n i f i c a n t l y  h igher  than  i n  c o n t r o l s .  The ar i t h m e t i c  

mean femoral  f l u o r i d e  c o n t e n t  f o r  t h e  exposed and c o n t r o l  groups 

were s u b j e c t e d  t o  a l i n e a r  r e g r e s s i o n .  I n  both cases a s i g n i f i c a n t  

c o r r e l a t i o n  e x i s t e d  (exposed: r = .989, d f  = 2, p<0.05; 

c o n t r o l :  r = .999, d f  = 2, p<0.01).  Exposed an imals  depos i t ed  

an average  o f  5.43 yg F per  fsmur per  day; i n  c o n t r o l  an imals  

t h i s  rate was 3.09 yg per femur per  day. These two rates are 

s i g n i f i c a n t l y  d i f f e r e n t  (I? = 16.2, p<0.05) .  
114 

The f l u o r i d e  e x c r e t i o n  i n  u r i n e  and f e c e s  dur ing  t h e  

pos texposure  pe r iod  is shown i n  Table 30. T o t a l  f l u o r i d e  c o n t e n t  

was analyzed i n  f e c e s  and is expressed  i n  pg/g d r y  weight.  The 

c o n c e n t r a t i o n  o f  f l u o r i d e  i n  f e c e s  o f  both c o n t r o l  and exposed 

an imals  was f a i r l y  c o n s t a n t ,  b u t  t h e  t o t a l  amount o f  f l u o r i d e  

e x c r e t e d  v i a  t h i s  r o u t e  was ex t remely  v a r i a b l e  because t h e  f e c a l  

mass v a r i e d  cons ide rab ly .  The mean f e c a l  mass per  day i n  f e d  r a t s  



Femoral f l u o r i d e  con ten t  of c o n t r o l  and 10.2 mg ~ / r n ~  HF exposed 

rats versus  pos texposure  time. Each v e r t i c a l  l i n e  r e p r e s e n t s  p l u s  

o r  minus one S.E.M. The l i n e a r  r e g r e s s i o n  l i n e s  f o r  t h e  c o n t r o l  

and exposed groups are shown. 



POSTEXPOSURE TIME, (days ) 



TABLE 30 

URINARY IONIC FLUORIDE EXCRETION AND TOTAL FECAL FLUORIDE 
CONCENTRATION AFTER EXPOSURE TO 10.2 mg ~ / m 3  FOR 6 H O U R S ~  

C o l l e c t i o n  p e r i o d  U r i n a r y  I o n i c  F- Fecal T o t a l  F 
(day)  (F.Ig/day) (F.Is/s 1 

Cont ro l  Exposed Cont ro l  Exposed 



TABLE 30 (cont inued)  

URINARY I O N I C  FLUORIDE EXCRETION AND TOTAL FECAL FLUORIDE 
CONCENTRATION AFTER EXPOSURE TO 10.2 mg ~ / m 3  FOR 6 H O U R S ~  

C o l l e c t i o n  p e r i o d  U r i n a r y  I o n i c  F- Fecal  T o t a l  F 
(day) (pg/day (KJ/g) 

c o n t r o l  Expospd Con t ro l  Exposed 

E n t i  r e  c o n t r o l  group 
mean 5 2 
S.E.M. 20 
( 4  ( 7 )  

1 Values expressed as mean, S.E.M., (number o f  animals per  
group).  HF generated by compressed gas technique. 

2 Rats f a s t e d  d u r i n g  c o l l e c t i o n  p e r i o d  

3 Ca lcu la ted  us ing  mean value f o r  each c o n t r o l  group. 

a p<0.05 compared t o  e n t i r e  c o n t r o l  group. 

b p<0.01 compared t o  e n t i r e  c o n t r o l  group. 



was 3.7 g f 2.0 (24) Imean f s t d .  dev., (number of  samples) ] . 
These va lues  f o r  f a s t e d  an imals  were 0.7 g 2 0.6 ( 2 4 ) .  The mean 

f e c a l  f l u o r i d e  concen t r a t ions  on each c o n t r o l  day analyzed were 

used t o  c a l c u l a t e  t h e  mean f e c a l  f l u o r i d e  c o n c e n t r a t i o n  f o r  t he  

e n t i r e  c o n t r o l  group. The f l u o r i d e  c o n c e n t r a t i o n  i n  f e c e s  

c o l l e c t e d  from exposed an imals  on days 2, 4, 7, 10 and 21 was 

s t a t i s t i c a l l y  h igher  t h a n  t h e  c o n t r o l  group. However, o n l y  on days 

2 and 4 were t h e  f e c a l  F c o n c e n t r a t i o n s  markedly e l e v a t e d .  Using 

t h e  mean f e c a l  mass of  3.7 g per  day f e d  c o n t r o l  animals  e x c r e t e  a 

mean o f  263 pg f luo r ide /day  by t h i s  rou te .  On day 2 a f t e r  

i n h a l a t i o n  o f  HI? animals  exc re t ed  a mean o f  800 pg f l u o r i d e  (215 

pg x 3.7 g )  by t h e  f e c a l  rou te .  On day 4 pos texposure  t h e  f e c a l  

f l u o r i d e  e x c r e t i o n  is c a l c u l a t e d  t o  be 390 pg. On days  2 and 4 

exposed an imals  exc re t ed  190 pg and 73 pg ,  r e s p e c t i v e l y ,  more 

f l u o r i d e  i n  t h e i r  u r i n e  than  d i d  c o n t r o l  animals  (u s ing  t h e  mean 

e x c r e t i o n  f o r  the  e n t i r e  c o n t r o l  group f o r  r e f e r e n c e ) .  Thus it is 

e v i d e n t  t h a t  s h o r t l y  fo l lowing  exposure to IiF animals  e x c r e t e  more 

f l u o r i d e  v i a  t he  G I  t r a c t  than through t h e  kidneys.  

The u r i n a r y  i o n i c  f l u o r i d e  e x c r e t i o n  i n  c o n t r o l  animals  

remained c o n s t a n t  throughout  t he  42 day  pos texposure  per iod .  The 

mean u r i n a r y  i o n i c  f l u o r i d e  e x c r e t i o n  f o r  t h e  e n t i r e  c o n t r o l  group 

was c a l c u l a t e d  i n  t h e  same manner a s  f o r  c o n t r o l  f e c a l  f l u o r i d e .  

Ur inary  f l u o r i d e  e x c r e t i o n  inc reased  r a p i d l y  fo l lowing  exposure  t o  

HF.  Ekposed animals  exc re t ed  almost  10 f o l d  more f l u o r i d e  du r ing  

t h e  f i r s t  6 hours and t h e  f i r s t  1 8  hours  pos texposure  than  c o n t r o l  

animals .  Ur inary  f l u o r i d e  e x c r e t i o n  s lowly  decreased  i n  exposed 



animals but  by day 28 had not re turned to c o n t r o l  l e v e l s .  The 

u r ina ry  f l u o r i d e  e x c r e t i o n  i n  exposed animals on day 42 was 

s i g n i f i c a n t l y  higher than the  e n t i r e  c o n t r o l  group, b u t  not  higher 

than i n  c o n t r o l  r a t s  on day 42. 

The logari thm of  u r ina ry  f l u o r i d e  e x c r e t i o n  cor rec ted  f o r  

c o n t r o l s  is p l o t t e d  versus postexposure time i n  Figure  19. This  

curve was analyzed i n  the  same manner a s  f o r  the  s o f t  t i s s u e  da ta .  

Urinary f l u o r i d e  e x c r e t i o n  fol lowing HE' exposure a l s o  appears t o  be 

b iphas ic .  Approximately one-half of the  cumulative f l u o r i d e  

excre ted  v i a  t h i s  rou te  was exc re ted  with a half- t ime of 1.7 days 

(95% confidence l i m i t s :  1.2 day < T 1/2 < 3.0 d a y ) .  The 

remaining f l u o r i d e  was exc re ted  with a half- t ime of 63 days (95% 

confidence l i m i t s  31 t o  -) . The equat ion  obta ined f o r  u r ina ry  

f luor ide  exc re t ion  (U)  a f t e r  HE' exposure was: 

U = 389 pg e -Oo4 '  + 22.4 pg e -0.011 t 

with the  f r a c t i o n a l  decay cons tan t s  given i n  day-'. The 

cumulative f l u o r i d e  exc re ted  during t h e  42 day postexposure pe r iod  

obta ined by adding the  measured f l u o r i d e  exc re ted  on days 1-8 t o  

t h e  f l u o r i d e  exc re t ion  ca lcu la ted  by t h e  equat ion  given above f o r  

days 9-42 was 1598 pg. Since each p o i n t w a s  cor rec ted  f o r  

c o n t r o l  l e v e l s  p r i o r  t o  mathematical a n a l y s i s ,  t n i s  value,  1598 

p j  , L epresents the c a l c u l a t e d  excess f l u o r  ide  e x c r e t i o n  during 

t h e  pos tsxpos ure per iod.  

Urine samples obtained on each s a c r i f i c e  day were pooled and 

then ashed f o r  de terminat ion  of t o t a l  f l u o r i d e  content .  The 

r e s u l t s  of t h i s  a n a l y s i s  a r e  given i n  Table 31. A s  can be seen 



FIGURE 1 9  

Log of t h e  mean d a i l y  urinary i o n i c  f luor ide  e x c r e t i o n  fo l l owing  

exposure to 10.2 mg F/m3 HE' versus postexposure t i m e .  The l i n e a r  

regres s ion  l i n e s  are  shown. 
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TABLE 31 

AF CONCENTRATION IN URINE AFTER EXPOSURE TO 
10.2 mg ~ / m 3  HF FOR 6 H O U R S ~  

Collection period Exposed Control 
( day 1 !IJg/ml> (IJg/ml> 

Total Ionic AF Total Ionic AF 

1 Urines from each r a t  were pooled by group prior to  determination 
of f luoride concentration. The value f o r  each pool i s  reported 
individually. Fluoride concentrations not corrected f o r  the 
cage wash water. HF generated by compressed gas technique. 



s i g n i f i c a n t  amounts of AF were not  d e t e c t e d  i n  t h e  u r i n e  o f  

c o n t r o l  o r  exposed animals .  S ince  t o t a l  u r i n e  f l u o r i d e  e q u a l l e d  

i o n i c  u r i n e  f l u o r i d e ,  s i m i l a r  r e s u l t s  would be ob ta ined  i f  e i t h e r  

o f  t h e s e  va lues  were uesd i n  t h e  c a l c u l a t i o n s  desc r ibed  above. 

I o n i c  f l u o r i d e  c o n c e n t r a t i o n s  were used because t h i s  a n a l y t i c a l  

t echnique  is more p r e c i s e  and s e n s i t i v e  than  t h e  t o t a l  F technique .  

The femoral  and u r i n a r y  f l u o r i d e  d a t a  from exposed an imals  a r e  

compared i n  Table 32. Previous  i n v e s t i g a t i o n s  on f l u o r i d e  

d i s t r i b u t i o n  and e x c r e t i o n  have i n d i c a t e d  t h a t  approximately 50% o f  

absorbed fluoride is exc re t ed  v i a  t h e  u r i n e  (Smith, 1966) ,  t h e  

remainder is depos i t ed  i n  bone. The excess  f l u o r i d e  per  femur 

(obta ined  by s u b t r a c t i n g  t h e  a p p r o p r i a t e  mean c o n t r o l  femora l  

f l u o r i d e  c o n t e n t  from t h e  exposed animal  femoral  f l u o r i d e )  i n  HI? 

exposed animals  is d iv ided  by 0.0465 (femur a sh  weight  averages  

4.65% of  t h e  t o t a l  s k e l e t a l  a sh ,  Savchuck and Armstrong, 1951) t o  

e s t i m a t e  t h e  exces s  f l u o r i d e  p r e s e n t  i n  t h e  e n t i r e  s k e l e t o n .  Th i s  

c a l c u l a t i o n  assumes t h a t  t he  femur is a r e p r e s e n t a t i v e  sample o f  

t h e  s k e l e t o n .  The v a l i d i t y  o f  t h i s  assumption has been shown by 

Savchuck and Armstrong (1951).  A l s o  g iven  i n  t h i s  Table is t h e  

cumulat ive exces s  f l u o r i d e  e x c r e t i o n ,  which was c a l c u l a t e d  a s  

desc r ibed  above. This  was added t o  t h e  exces s  f l u o r i d e  per  

s k e l e t o n  to e s t i m a t e  t h e  cumulat ive absorbed f l u o r i d e .  Th i s  

assumes t h a t  a l l  o f  t h e  f l u o r i d e  absorbed appea r s  i n  t h e  u r i n e  o r  

s k e l e t o n .  These e s t i m a t e s  a r e  only  v a l i d  f o r  v e r y  rough 

comparisons. The number o f  s i g n i f i c a n t  f i g u r e s  f o r  each va lue  

r epo r t ed  i n  t h e  t a b l e  is no t  meant i n  any way to g i v e  in fo rma t ibn  



TABLE 32 

Postexposure Excess F Est imated excess F Cumul a t i  ve excess Est imated Cumul a t i  ve 
day per femur per ske le ton  u r i n a r y  F exc re t i on  F absorbed 

(1.19) (1.19) (1.19) (1.19) 

2 2 7 581 63 3 1214 

8 5 5 1183 1016 2199 

28 7 2 1548 1384 2932 

42 134 2 882 1598 4480 

1 See t e x t  f o r  exp lanat ion  o f  c a l c u l a t i o n s .  



on the  accuracy of  these  es t imates .  Roughly equal  amounts of 

f luor ide  a r e  exc re ted  i n  the  ur ine  and deposi ted  i n  t h e  s k e l e t o n  of 

these  r a t s .  These r e s u l t s  sugges t  t h a t  the  HE' exposed animals 

absorbed approximately 4500 pg of  f l u o r i d e  a s  a  r e s u l t  of HF  

exposure. Using a  v e n t i l a t i o n  r a t e  of 150 cc/min and a  mean 

a i rborne  f l u o r i d e  concentra t ion  of  10.2 mg/m3 i t  can be es t imated  

t h a t  these  exposed r a t s  inhaled  550 pg o f  f l u o r i d e  dur ing  t h e  6 

hour exposure. These two es t imates  of absorbed f l u o r i d e  a r e  not  i n  

good agreement. Apparently HF exposed r a t s  are absorbing much 

g r e a t e r  amounts (near ly  10 f o l d )  of f l u o r i d e  than could be expla ined 

by the  i n h a l a t i o n  of  HF. 

While t h e r e  is no d i r e c t  information on the  s u b j e c t  the  source 

of the  excess  f l u o r i d e  may be t h e  f u r .  Rats  preen,  and i f  l a r g e  
/ 

amounts of HI? were to  absorb t o  the  f u r  dur ing  whole body exposure 

it seems l i k e l y  t h a t  l a r g e  amounts of  f l u o r i d e  would be inges ted  

o r a l l y .  In  an empty exposure chamber, a i r b o r n e  f l u o r i d e  l e v e l s  of 

3  approximately 84 mg F/m were obta ined wi th  a  HF r egu la to r  pres- 

sure of 15  l b / i n 2  (Table 5) 1 however wi th  6 ra t s  i n  the  chamber an 

3  a i rborne  f l u o r i d e  concentra t ion  of  only  27 mg F/m was produced 

with t h e  same regu la to r  pressure  (Table 5) . Thus t h e  chamber opera- 

t i n g  c h a r a c t e r i s t i c s  sugges t  t h a t  r a t s  remove l a r g e  amounts of f l u o r -  

i d e  f  ran t h e  a i r ,  c e r t a i n l y  more than can be accounted f o r  on t h e  

b a s i s  of t h e i r  mlmonary v e n t i l a t i o n  s i n c e  the  t o t a l  a i r f low r a t e  i n  

t h e  chamber was 28 l i t e r s /minu te .  Because of t h e  magnitude of t h i s  

additional source of  f l u o r i d e  the  r e s u l t s  of these  whole exposures do 

not g ive  any d i r e c t  information on t h e  metabolism of inha led  HF. 



D. NaF Retent ion  Exper iment 

To o b t a i n  d a t a  f o r  comparison to  HE' exposures  male Long Evans 

r a t s  (Blue Spruce Farms) were exposed t o  N a F  d u s t  f o r  6 hours  i n  a  

28 l i t e r  g l a s s  b a t t e r y  jar i n h a l a t i o n  chamber. P r i o r  t o  exposure a  

tw-minute chamber a i r  sample was drawn through a Mercer impactor 

(Mercer, e t  al., 1970) a t  a  £1.- r a t e  of  0:702 l/min f o r  

de t e rmina t ion  of p a r t i c l e  s i z e .  The d u s t  con ta ined  on each  s l i d e  

and t h e  f i l t e r  was d i s so lved  i n  double d i s t i l l e d  water and ana lyzed  

f o r  f l u o r i d e  wi th  t h e  f l u o r i d e  i o n  s e n s i t i v e  e l e c t r o d e  by t h e  known 

a d d i t i o n  technique .  The r e s u l t s  of t h e s e  ana lyses  a r e  shown i n  

F igu re  20. Fran  t h i s  l og  p r o b a b i l i t y  p l o t  a  mass median 

aerodynamic diameter  of 2.8 urn (a g = 2.2) is  c a l c u l a t e d  f o r  

t h e  N a F  d u s t .  During t h e  exposure  s e v e r a l  2  minute a i r  samples  

(0.5 l/min) were drawn through a  0.8 pm pore  s i z e  m i l l i p o r e  f i l t e r  

f o r  de t e rmina t ion  of a i r b o r n e  f l u o r i d e  l e v e l s .  The t ime weighted 

average f l u o r i d e  concen t r a t ion  f o r  t he  6 hour exposure was 

3 3 24 mg F/m F as N a F  (54 mg/m dust). The mean chamber 

t empera ture  du r ing  t h e  exposure was 2 5 O ~ .  

Animals were s a c r i f i c e d  immediately (8-60 minutes)  or  8  days 

pos texposure.  The an imals  which were to  be kept  f o r  8  days  were 

each  suhnerged i n  a  l a r g e  beaker of d i s t i l l e d  water  f o r  a  few 

seconds immediately f o l l w i n g  t h e  exposure i n  an a t t empt  t o  r i n s e  

any depos i t ed  d u s t  o f f  t h e i r  f u r .  These animals  were housed 

i n d i v i d u a l l y  i n  metabolism cages and u r i n e  and f e c a l  samples were 



FIGURE 20 

Log-probability p l o t  of NaF dust c o l l e c t e d  on each s tage  of Mercer 

Impactor. 

'h 





c o l l e c t e d  throughout the  8 day postexposure period.  The animals 

were f a s t e d  dur ing t h e  f i r s t  and e i g h t h  day. Contro l  animals were 

not chamber exposed and were kept i n  metabolism cages f o r  2 days. 

These animals were f a s t e d  on t h e  second day. S ince  t h e  d a t a  f o r  

both  m n t r o l  days were s imi la r  a l l  the da ta  was pooled t o  o b t a i n  

the  c o n t r o l  da ta  given. 

The lungs  of 2 o f  the 5 animals  s a c r i f i c e d  immediately 

fo l lowing NaF exposure appeared d i f f u s e l y  hemorrhagic. No other  

gross  pa thologic  a l t e r a t i o n  was not iced  upon necropsy. The 

pulmonary e f f e c t s  of  NaF exposure a r e  given i n  Table 33. The body 

weights of exposed animals s a c r i f i c e d  on day 8 were s t a t i s t i c a l l y  

lower than c o n t r o l  l e v e l s ,  however, t h e  d i f f e r e n c e  of 9 grams o u t  

of a 320 gram body weight is probably of  no b i o l o g i c a l  

s ign i f i cance .  No change i n  t h e  lung t o  body weight r a t i o  was 

seen. The lung of exposed animals had a s l i g h t l y  higher water 

content  than con t ro l  animals a s  is shown by t h e  s i g n i f i c a n t l y  

higher lung w e t  weight t o  d ry  weight r a t i o s  i n  t h e s e  animals. 

Exposure t o  NaF r e s u l t e d  i n  a s i g n i f i c a n t  a l t e r a t i o n  i n  kidney 

funct ion .  Data concerning the  kidney func t ion  of these  animals is 

given i n  Table 34 and Figure  21. The kidney weight to body weight  

r a t i o  was s i g n i f i c a n t l y  e l eva ted  8 days postexposure. The BUN was 

s i g n i f i c a n t l y  e l eva ted  immediately pos texposure but was no 

d i f f e r e n t  than m n t r o l  l e v e l s  8 days fol lowing the  exposure. No 

change i n  ur inary  p r o t e i n  e x c r e t i o n  was ev iden t .  Water consumption 



TABLE 33 . 

PULMONARY EFFECTS OF EXPOSURE TO 24 mg ~ / m 3  NaF FOR 6 HOURS 

- 
Lung 

Lung W t .  Wet W t .  
S a c r i f i c e  Day Body W t .  Body W t .  Dry W t .  

( 9 )  (g/kg) 

c o n t r o l  

~ - 

1 Values expressed as mean, S.E.M. (number of animals per  group).  

p<0.01 compared t o  c o n t r o l .  



TABLE 34 

RENAL EFFECTS OF EXPOSURE TO 24 mg ~ / m 3  NaF FOR 6 H O U R S ~  

Kidney W t .  
S a c r i f i c e  Day Body W t  . BUN Water consumption P r o t e i n  exc re t i on  

(g/kg) (mg%) (ml /day) mg/day 



TABLE 34 (cont  i nued) 

RENAL EFFECTS OF EXPOSURE TO 24 mg ~ / m 3  NaF FOR 6 H O U R S ~  

Kidney W t .  
S a c r i f i c e  Day Body W t . BUN Water consumption P r o t e i n  exc re t i on  

(g/kg) (ms%) (ml/day) mg/day 

Cont ro l  

Values expressed as mean, S.E.M., (number o f  animals per group) 

2 R a t s f a s t e d d u r i n g t h e s e d a y s .  

a p<0.05 compared t o  c o n t r 3 l  

b p<0.01 compared t o  c o n t r o l  



FIGURE 21 

Urine volume and specific gravity following exposure to 

3 24 mg F/m NaF versus postexposure time. Daily urine samples 

were collected. Mean + S.E.M. is shown. The horizontal lines - 
represent + one S.E.M. of the mean control value,, - 
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was s i g n i f i c a n t l y  higher than c o n t r o l  l e v e l s  i n  exposed animals  on 

days 2, 3, 4, 6 and 7 fol lowing exposure. No ' inc rease  i n  water con- 

sumption was seen on day 5 because the  water b o t t l e s  were emptied. 

Th i s  may have a l s o  a f f e c t e d  t h e  water consumption on day 6. 

I n  Figure  21 ur  i n e  volume and s p e c i f i c  g r a v i t y  a r e  p l o t t e d  a g a i n s t  

postexposure day. Urine volume was s ign  i f  i c a n t l y  e l e v a t e d  on days 

2, 3, 4 and 8 postexposure. Peak u r i n e  volume occurred  on day 3 

and was almost 4-fold higher than c o n t r o l  l e v e l s .  Urine s p e c i f i c  

g r a v i t y  was s i g n i f i c a n t l y  lower than c o n t r o l  values on days 2, 3, 4 

and 8 postexposure. The maximum depress ion occurred  on day 3. 

The t o t a l  and i o n i c  f l u o r i d e  concen t ra t ion  i n  lung,  plasma and 

kidney of r a t s  exposed t o  NaF a r e  given i n  Table 35. The i o n i c  

f l u o r i d e  concentra t ion  i n  so£ t t i s s u e s  of c o n t r o l  rats were 

measured, but t h e  samples were l o s t  p r i o r  t o  de terminat ion  of t o t a l  

f l u o r i d e  content .  Tota l  and i o n i c  f l u o r i d e  concentra t ions  were 

e l eva ted  over c o n t r o l  l e v e l s  by N a F  exposures. I n  r a t s  s a c r i f i c e d  

8 days a f t e r  exposure the  i o n i c  f l u o r i d e  concentra t ion  i n  lung 

averaged 2.2 times t h a t  i n  plasna. I n  p lasna  of r a t s  s a c r i f i c e d  

immediately pos texpos ure (1/4 day group) t h e  measured t o t a l  plasma 

f luor ide  concentra t ion  averaged 81% of ' t h e  i o n i c  f luor ide '  

concent ra t ion  (see second paragraph fo l lowing)  . 
The AF concentra t ions  i n  lung,  plasma and kidney of  r a t s  

exposed t o  NaF a r e  given i n . T a b l e  36. AF accounted f o r  23% of 

t h e  t o t a l  f l u o r i d e  i n  lungs of r a t s  s a c r i f i c e d  immediately a f t e r  

N a F  exposure. The mean t o t a l  f l u o r i d e  concentra t ion  i n  lung 



TABLE 35 

MEASURED FLUORIDE CONCENTRATION IN  SOFT TISSUES 
OF RATS EXPOSED TO 24 mg ~ / m 3  NaF FOR 6 H O U R S ~  

S a c r i f i c e  day Lung P l  asma K i  dney 
( w / g )  (vs/ml> ( ~ 9 / 9  

T o t a l  I o n i c  T o t  a1 I o n i c  T o t a l  I o n i c  

c o n t r o l  2 0.11 0.045 0.23 

1 Values expressed as mean, S.E.M., (number of animals per  group).  

2 Tissues from con to l  r a t s  were pooled by group (3  r a t s  per  group) 
The f l u o r i d e  concen t ra t i on  measured i n  t h e  t i s s u e  pool i s  
repor ted.  



TABLE 36 

AF CONCENTRATIONS I N  SOFT TISSUES OF RATS EXPOSED TO 
24 mg ~ / m 3  NaF FOR 6 H O U R S ~  

S a c r i f i c e  day Lung P l  asma K i  dney 
(pg/g) (pg/ml) !pg/g) 

To ta l  AF T o t a l  AF Tot  a1 AF 
% 21. 5.6 3.51 -.81 26. 2.7 

3.7 1.8 .25 .30 4.2 1.5 
(6) (5 )  ( 5 )  (5) (5 )  ( 5 )  

8 day 1.0 0.4 .28 . O 1  2.8 1.3 
.3 .2 .05 .O1 .64 .3 

(5) (5) (5 )  (5 )  (5 )  (5)  

1 Values expressed as mean, S.E.M., (number o f  animals per  group).  
T o t a l  and AF concen t ra t i on  i n  lung, plasma and k idney  o f  
c o n t r o l  r a t s  s a c r i f i c e d  i n  t h e  HF r e t e n t i o n  experiment averaged 
0.5 and 0.4 pg/g, 0.08 and 0.05 pg/ml and 0.1 and 0.1 pg/g, 
r e s p e c t i v e l y .  



homogenates was 5.3 pg/ml. The s o l u b i l i t y  of  NaF i n  water is 

approximately 42,000 pg/ml sugges t ing  t h a t  the  AF i n  t h e s e  

lungs  is not undissolved NaF dus t .  I n  animals s a c r i f i c e d  8 days 

postexposure the  AF concentra t ion  i n  lungs were a t  l e v e l s  

normally p resen t  i n  c o n t r o l  r a t  t i s s u e s .  

Elevated AF concentra t ions  were de tec ted  i n  the  kidneys of 

r a t s  s a c r i f i e d  immediately and 8 days a f t e r  exposure t o  NaF. 

The mean AF concentra t ion  obta ined i n  plasma of  r a t s  

s a c r i f i c e d  immediately a f t e r  NaF exposure was -0.81 pg/ml. This  

anmolous r e s u l t  p o i n t s  o u t  the  problems involved i n  t h e  I 

determinat ion  of  A?? concentra t ion .  Both f l u o r i d e  methods a r e  

imprecise;  occasi .onally negat ive  values f o r  AF would be expected 

because of randan a n a l y t i c a l  e r r o r .  This  r e s u l t  emphasizes t h a t  

the  d e t e c t i o n  of  AF i n  a t i s s u e  of one group of animals does not 

prove t h a t  a  t r u e  non-ionic f l u o r i d e  cmpound e x i s t s  i n  t h a t  t i s s u e .  

The f l u o r i d e  excre ted  i n  u r ine  and f e c e s  and the  femoral 

f l u o r i d e  content  of r a t s  a f t e r  exposure t o  NaF a r e  given i n  Table  

37.  The u r i n a r y  f l u o r i d e  exc re t ion  was s i g n i f i c a n t l y  higher than 

c o n t r o l  l e v e l s  on every postexposure day, u r ina ry  f l u o r i d e  

e x c r e t i o n  on day 8 averaging 6 times the c o n t r o l  l e v e l .  Ekposed 

animals excre ted  an excess of 9290 pg f l u o r i d e  dur ing  the  8 day 

postexposure period. Large amounts of  f l u o r i d e  were a l s o  exc re ted  

i n  t h e  f eces  of exposed animals. Peak f e c a l  f l u o r i d e  

concen t ra t ions  appeared on day 2 and were 47 f o l d  higher than 



TABLE 37 

FLUORIDE EXCRETION AND FEMORAL FLUORIDE CONTENT OF RATS 
FOLLOWING EXPOSURE TO 24 mg ~ / m 3  NaF FOR 6 HOURS 

S a c r i f i c e  day Ur i nary  1on i c l  
F- Exc re t i on  

(pg/day 1 

Fecal ~ o t a l 2  
F concen t ra t i on  

(FCS/S) 

Fecal ~ o t a l 3  Femora 1 1 
F e x c r e t i o n  F conten t  

(1.19lday ( ~9 1 



TABLE 37 (cont inued) 

FLUORIDE EXCRETION AND FEMORAL FLUORIDE CONTENT OF RATS 
FOLLOWING EXPOSURE TO 24 mg ~ / m 3  NaF FOR 6 HOURS 

S a c r i f i c e  day U r i n a r y  l o n i c l  Fecal ~ o t a l 2  Fecal ~ o t a l 3  Femoral1 
F- Exc re t i on  F concent ra t ion  F e x c r e t i o n  F content  

t j ~ g / d a y j  ( ~ 9 / 9  ) (~.rg/day ) ( ~ l g  ) 

Cont ro l  70 
11 

( 6  ) 

1 Values expressed as mean, S.E.M., (number o f  animals per group). 

2 Fecesexc re ted  i n e a c h c o l l e c t i o n p e r i o d w e r e p o o l e d p r i o r t o a n a l y s i s .  T h e f l u o r i d e  
concent ra t ion  o f  each feces pool i s  reported. 

3 Calcu la ted  assuming a mean f e c a l  mass o f  0.99 f o r  days 1 and 8 du r ing  which t h e  r a t s  were 
f a s t e d  and a mass o f  3.1 g f o r  days 2-7 dur ing  which t h e  r a t s  were fed. 

b p<0.01 compared t o  c o n t r o l .  



c o n t r o l  l e v e l s .  The average d a i l y  f e c a l  dry  weights f o r  f ed  and 

f a s t e d  r a t s  during t h i s  experiment were 3.1 and 0.9 grams, 

r e spec t ive ly .  These values were then used t o  es t ima te  the  d a i l y  

f e c a l  f l u o r i d e  excre t ion.  By comparing these  d a t a  t o  the  u r ina ry  

f l u o r i d e  excre t ion  it is evident  t h a t  more f l u o r i d e  was excre ted  

v i a  t h e  G I  t r a c t  than the  kidneys. Femoral f l u o r i d e  concen t ra t ions  

i n  r a t s  s a c r i f i c e d  8 days a f t e r  NaF exposure were 4 f o l d  higher 

than c o n t r o l  l e v e l s ,  t h e  d i f f e r e n c e  being s i g n i f i c a n t  a t  t h e  

pC0.01 l e v e l .  I f  the cumulative f l u o r i d e  absorpt ion is est imated 

i n  t h e  same manner as described i n  t h e  HE' r e t e n t i o n  experiment a 

value of  24 mg f l u o r i d e  is obtained f o r  these  NaF exposed r a t s .  A t  

a pulmonary v e n t i l a t i o n  r a t e  of 0.15 l i t e r / m i n  it can be es t imated 

t h a t  these  r a t s  inhaled on ly  1.3 mg of  f l u o r i d e .  A s  i n  whole body 

IIF exposed r a t s  t h e r e  appears t o  be a source  of f l u o r i d e  o ther  than 

inha la t ion  i n  these  NaJ? exposed r a t s .  This source again  may be due 

t o  f luor ide  deposi t ion  on t h e  f u r .  

The AF concentra t ion i n  ur ine  of r a t s  exposed t o  NaF a r e  

given i n  Table 38. S i g n i f i c a n t  amounts of AF were not  de tec ted  

i n  ur ine  of these  animals. 



TABLE 38 

AF CONCENTRATION IN URINE AFTER EXPOSURE TO 
24 mg ~ / m 3  NaF FOR 6 H O U R S ~  

Urine Fluoride Concentration 
(vg/ml> 

Collection period 

Control day 1 
Control day 2 

Total Ionic AF 

1 Urines were pooled pr io r  t o  analysis .  The f l uo r ide  
concentrat ions determined in  each pool a re  reported. Fluoride 
concentrat ions not corrected f o r  cage wash water. 



11. Nose-only and Non- i n h a l a t i o n  Exposures 

The r e s u l t s  of t h e  HE' r e t e n t i o n  experiment pointed  o u t  t h e  

n e c e s s i t y  o f  developing another  exposure system f o r  i n v e s t i g a t i o n s  

o f  HF t o x i c i t y .  To  t h i s  end a nose-only exposure u n i t  was 

cons t ructed .  The experiments to be descr ibed i n  t h i s  s e c t i o n  were 

undertaken to determine i f  a  long-term pulmonary r e t e n t i o n  of 

f l u o r i d e  occurred i n  r a t s  exposed t o  HF - v i a  the  nose-only r o u t e  and 

t o  determine what f r a c t i o n ,  if any, of inha led  HF is deposi ted  i n  

the  upper r e s p i r a t o r y  t r a c t .  A number of support ing experiments 

were required ,  and a r e  described here  a l so .  S ince  s e v e r a l  of t h e s e  

experiments requi red  the  use of anaes the t i zed  animals,  r a t s  were 

anaes thet ized  p r i o r  t o  HF' exposure y& t h e  nose-only route .  

Nose-only exposures were of 1 hour dura t ion .  Rats were s a c r i f i c e d  

a t  various times up t o  4 days a f t e r  exposure t o  HF. 

A. Intravenous NaF Infus ion 

The r e s u l t s  of the HF and NaJ? r e t e n t i o n  experiments ind ica ted  

t h e  p o s s i b l i t y  t h a t  t h e  lung contained binding s i t e s  f o r  f l u o r i d e .  

Thus, the  f ind ing  o f  lung f l u o r i d e  concentra t ions  i n  excess of 

plasma f l u o r i d e  concentra t ions  cannot be taken t o  i n d i c a t e  - a 

p r i o r i ,  t h a t  HF entered  the  lung &a t he  airways. To determine i f  

f l u o r i d e  binding i n  t h e  lung could occur i n  t h e  time course of t h e  



nose-only exposures r a t s  were infused in t ravenously  wi th  10.8 mg 

F/min ( a s  NaF) f o r  60 minutes and were s a c r i f i c e d  immediately o r  6 

hours a f t e r  the  te rminat ion  of the in fus ion .  Contro l  r a t s  were 

infused with 154 mm NaCl a t  t h e  same r a t e .  

The pulmonary e f f e c t s  of intravenous f l u o r i d e  in fus ion  a r e  

given i n  Table 39. Rats  s a c r i f i c e d  a t  1 hour were s a c r i f i c e d  less 

than 1 minute a f t e r  the  end o f  the 1 hour in fus ion .  Rats  

s a c r i f i c e d  a t  7 hours were s a c r i f i c e d  6 hours a f t e r  t h e  end of t h e  

1 hour infus ion.  The lung weight t o  body weight r a t i o  and the  lung 

wet weight t o  dry weight r a t i o  were s i m i l a r  i n  s a l i n e  and NaF 

infused groups. Respi ra t ion  frequency was determined i n  a l l  groups 

dur ing t h e  infus ions .  N o  c o n s i s t e n t  e f f e c t  of  NaF i n f u s i o n  on 

r e s p i r a t i o n  frequency occurred.  

The e f f e c t s  of f l u o r i d e  in fus ion  on s e v e r a l  r e n a l  parameters 

a r e  shown i n  Table 40. No e f f e c t  of  f l u o r i d e  i n f u s i o n  was e v i d e n t  

on u r ine  volume (bladder ur ine  was removed i n  the  1 hour group) ,  

BUN o r  the  kidney weight t o  body weight r a t i o  i n  r a t s  s a c r i f i c e d  a t  

1 hour. The kidney weight t o  body weight r a t i o ,  u r i n e  volume and 

u r i n e  s p e c f i c  g r a v i t y  were s i m i l a r  i n  c o n t r o l  and f l u o r i d e  infused 

r a t s  s a c r i f i c e d  a t  7 hours. The BUN i n  r a t s  infused wi th  f l u o r i d e  

and s a c r i f i c e d  i n  7 hours were s t a t i s t i c a l l y  higher than i n  c o n t r o l  

r a t s ,  however, t h e  smal l  inc rease  may not  be of  physio logic  

s ign i f i cance .  This  is e s p e c i a l l y  ev iden t  by comparison t o  t h e  BUN 

i n  NaCl infused r a t s  s a c r i f i c e d  a t  1 hour. 

The measured f l u o r i d e  concentra t ion  i n  so£ t t i s s u e s  of r a t s  

infused wi th  NaCl or NaF a r c  given i n  Table 41. To ta l  and i o n i c  



TABLE 39 

PULMONARY EFFECTS OF INTRAVENOUS INFUSION OF 
10.8 pg F/min NaF FOR 1 HOURI 

Lung 
Lung W t .  wet- ~ t .  ~ e s p i  r a t i  on2 

S a c r i f i c e  t ime Body W t .  Body W t .  Dry W t .  b rea t  hs/mi n  

NaC 1 

7 hour 
N aF 

1 Values expressed as mean, S.E.M. (numbers o f  animals per group) 
Exposed r a t s  i n fused  w i t h  32 mrn NaF i n  122 mM NaC1, c o n t r o l s  w i t h  
154 mM NaC1. I n f u s i o n  s t a r t e d  a t  t ime  0. 

2 Resp i ra t ions  were counted du r ing  i n f u s i o n .  

b  p<0.01 compared t o  appropr ia te  NaCl group. 



TABLE 40 

RENAL EFFECTS OF INTRAVENOUS INFUSION OF 
10.8 pg  F/min NaF FOR 1 HOURI 

Kidney W t .  U r i n e  U r i n e  
S a c r i f i c e  t ime  Body W t .  BUN Vol ume s p e c i f i c  g r a v i t y  

(g/kg) (ms%) (ml)  

1 hour 
N aF 

NaCl 

7 hour 
N aF 6.93 14.4a 3.5 1.035 

.27 1.1 .6 .004 
(5 )  (5 )  (5 )  (5  

NaCl 

1 Values expressed as mean, S.E.M., (number o f  animals per  group). 
Exposed r a t s  were In fused  w i t h  32 mM NaF i n  122 mM NaC1, c o n t r o l s  
w i t h  154 mM NaC1. I n f u s i o n  s t a r t e d  a t  t ime  0. 

a p<0.05 compared t o  appropr ia te  NaCl group. 



TABLE 41  

MEASURED FLUORIDE CONCENTRATIONS IN SOFT T I  SSUES 
OF RATS INFUSED WITH 10.8 pg F/mi n NaF FOR 1 HOURI 

S a c r i f i c e  t i m e  Lung P l  asma K i  dney ~ r a c h e a 2  
( PS/S (ug/ml)  (vg /g  ( ~ 9 / 9 )  

T o t a l  I o n i c  T o t a l  I o n i c  T o t a l  I o n i c  T o t a l  

1 hour  
N aF 

7 hour  
PJ aF 0.7 0.06 0.42 0.167a 0.7 0.13 

NaCl 

1 Values expressed as mean, S.E.M. (number o f  animals pe r  group). Exposed r a t s  were i n f u s e d  
w i t h  32 mM NaF i n  122mM NaC1, c o n t r o l s  w i t h  154 mM NaC1. I n f u s i o n  s t a r t e d  a t  t i m e  0. 

2 T issues were pooled by group p r i o r  t o  de te rm ina t i on  o f  t o t a l  f l u o r i d e  concen t ra t i on .  The 
f l u o r i d e  c o n c e n t r a t i o n  determined i n  each t i s s u e  poo l  i s  given. 

a p<0.05 compared t o  a p p r o p r i a t e  NaCl group. 

b p<0.01 compared t o  a p p r o p r i a t e  NaCl group. 



f l u o r i d e  concentra t ions  i n  lung,  plasma and kidney of  r a t s  

s a c r i f i c e d  immediately a f t e r  t h e  i n f u s i o n  (1 hour group) were 

markedly e leva ted  over c o n t r o l  l e v e l s .  I n  t h e s e  f l u o r i d e  infused 

r a t s  t h e  lung i o n i c  f l u o r i d e  concentra t ion  averaged 39% of t h e  

plasma i o n i c  f l u o r i d e  concentra t ion .  To ta l  and i o n i c  f l u o r i d e  

concen t ra t ions  i n  t h e  lungs and kidneys of r a t s  s a c r i f i c e d  a t  7 

hours were s i m i l a r  to c o n t r o l  l e v e l s .  Plasma i o n i c  f l u o r i d e  

concen t ra t ions  i n  f l u o r i d e  infused r a t s  s a c r i f i c e d  a t  t h i s  t i m e  

were s i g n i f i c a n t l y  higher than c o n t r o l  l e v e l s .  The plasma i o n i c  

f l u o r i d e  concentra t ion  i n  t h e  NaCl infused c o n t r o l  group s a c r i f i c e d  

a t  7 hours was 3 f o l d  higher than i n  NaCl c o n t r o l  r a t s  s a c r i f i c e d  

a t  1 hour. The reasons  f o r  t h i s  a r e  unclear .  The t r acheas  of 

c o n t r o l  and f l u o r i d e  infused r a t s  were pooled by group and ashed 

f o r  determination of t o t a l  f l u o r i d e  concentra t ion .  N o  i n c r e a s e  i n  

t r a c h e a l  f l u o r i d e  content  i n  f l u o r i d e  infused r a t s  was evident .  

The t racheas  weighed an average of 0.1 gram each. 

The AF concen t ra t ions  i n  s o f t  t i s s u e s  of  r a t s  infused wi th  

NaF a r e  given i n  Table 42. A t  n e i t h e r  s a c r i f i c e  time were the  AF 

concentra t ions  of s o f t  t i s s u e s  of r a t s  infused wi th  f l u o r i d e  higher 

than i n  m n t r o l  r a t s .  

The u r i n a r y  f l u o r i d e  exc re t ion ,  f e c a l  f l u o r i d e  concen t ra t ion  

and femoral f l u o r i d e  content  of  NaCl and NaF in£  used r a t s  a r e  given 

i n  Table 43. The i o n i c  f l u o r i d e  p resen t  i n  the  bladder u r ine  of  

r a t s  s a c r i f i c e d  a t  1 hour and excre ted  dur ing t h e  7 hour 

experimental per iod  by r a t s  s a c r i f i c e d  a t  t h a t  t i m e  were both 

a ign i f  i c a n t l y  higher than c o n t r o l  I,.evel.s. A mean of 5.6% of t h e  



TABLE 42 

AF CONCENTRATIONS IN SOFT TISSUES OF RATS 
INFUSED INTRAVENOUSLY WITH 10.8 ug F/min ~ a ~ l  

S a c r i f i c e  t ime Lung P l  asma K i  dney 
( ~ ! 3 / 9 )  ( P ~ / s )  (P9/9) 

T o t a l  AF T o t a l  AF T o t a l  AF 

1 hour 
N aF 

7 hour 
N aF 0.7 0.6 0.42 .25 0.7 0.6 

NaCl 

1 Values expressed as mean, S.E.M., (number o f  animals per  group).  
Exposed r a t s  in fused w i t h  32 mM NaF i n  122 mM NaC1; c o n t r o l s  w i t h  
154 mM NaC1. I n f u s i o n  s t a r t e d  a t  t ime  0. 

2 Tissues f rom t h i s  c o n t r o l  group o f  4 r a t s  were pooled p r i o r  t o  
determi n a t i  on o f  t o t a l  f 1 u o r i  de concent ra t ion .  The f 1 u o r i  de 
concen t ra t i on  determined i n  each t i s s u e  poo l  i s  g iven.  



URINARY IONIC FLUORIDE EXCRETION, FECAL TOTAL FLUORIDE 
CONCENTRATION AND FEMORAL FLUORIDE CONTENT IN RATS 

INTRAVENOUSLY INFUSED WITH 10.8 vg  F/min NaF FOR 1 HOUR 

S a c r i f i c e  t ime  Ur ine  I o n i c  F- Fecal T o t a l  ~2 
( v g / p e r i  od !vg/g) 

1 hour 
N aF 

NaCl 3.0 
.3 

( 4 )  

7 hour 
N aF 

NaCl 

Femoral F 
( vg/g 1 

1 Values expressed as mean, S.E.M. (number o f  animals per  group).  
Exposed r a t s  infused w i t h  32 mM NaF i n  122 mM NaC1; c o n t r o l s  w i t h  
154 mM NaC1. I n f u s i o n  s t a r t e d  a t  t ime  0. U r ine  c o l l e c t e d  f rom 
t ime  0 u n t i l  t ime o f  s a c r i f i c e  

2 The l a s t  few f e c a l  p e l l e t s  i n  t h e  i n t e s t i n a l  t r a c t  o f  each r a t  
were removed and pooled. The t o t a l  f l u o r i d e  concen t ra t i on  i n  
each f e c a l  pool  i s  given. 

p ~ 0 . 0 1  compared t o  app rop r ia te  NaCl group 



infused f l u o r i d e  dose was p resen t  i n  the  u r ine  of  r a t s  s a c r i f i c e d  

immediately a f t e r  t h e  in fus ion  (1 hour group) . A mean of 19% of 

the  infused f l u o r i d e  dose was excre ted  i n  the  u r ine  dur ing  the  

* e n t i r e  7 hour experimental  period.  The u r i n e s  exc re ted  dur ing t h e  

7 hour experimental  per iod  by c o n t r o l  and f l u o r i d e  infused r a t s  

were pooled by group ashed f o r  de terminat ion  of t o t a l  f l u o r i d e  

concentra t ion .  AF was not  de tec ted  i n  e i t h e r  of these  u r ine  

pools.  

B. HE' Retention - Normal F D i e t  

Anaesthet ized male Long Evans r a t s  were exposed t o  75 mg F/m3 

HF f o r  1 hour i n  t h e  nose-only exposure u n i t .  Anaesthet ized male 

Long Evans r a t s  exposed t o  room a i r  f o r  1 hour i n  a s i m i l a r  chamber 

served a s  con t ro l s .  Rats  were housed i n d i v i d u a l l y  i n  metabolism 

cages f o r  the  96 ho,ur postexposure period.  A l l  r a t s  were 

s a c r i f i c e d  96 hours a f t e r  t h e  s t a r t  of exposure. 

The pulmonary e f f e c t s  of nose-only exposure t o  75 mg F/m3 HF 

i n  one hour a r e  given i n  Tables 44. Body weight ,  lung weight t o  

body weight r a t i o  and lung w e t  weight t o  d r y  weight r a t i o  were 

measured i n  r a t s  a t  s a c r i f i c e  and were s i m i l a r  i n  both c o n t r o l  and 

exposed groups. Respi ra t ions  were counted during exposure and were 

a l s o  s i m i l a r  i n  c o n t r o l  and exposed groups. 

3 The e f f e c t s  of nose-only exposure t o  75 mg F/m on s e v e r a l  

r e n a l  parameters a re  given i n  Table 45. The BUN and kidney weight 

t o  body weight r a t i o  of r a t s  s a c r i f i c e d  4 days af ter exposure were 

unaffected by HF. Urines were c o l l e c t e d  from each animal from 

times 0-7, 7-24, 24-48, 48-72 and 72-96 hours. I n  no c o l l e c t i o n  



TABLE 44 

PULMONARY EFFECTS OF NOSE-ONLY EXPOSURE 
TO 75 mg  u urn^ HF FOR 1 HOURI 

Lung 
Lung W t .  Wet W t .  

Body W t .  Body W t .  Dry W t .  
( 9 )  ( g/kg 

Exposed 253 
9 

(5 

Cont ro l  257 
5 

(5 )  

R e s p i r a t i  ons2 
(breaths/mi  n)  

1 Values expressed as mean, S.E.M., (number of animals per  group). HF 
generated by compressed gas technique. Rats were s a c r i f i c e d  96 hours 
a f t e r  t he  s t a r t  o f  exposure. 

2 R e s p i r a t  i ons were counted d u r i n g  exposure. 



TABLE 45 

RENAL EFFECTS OF NOSE-ONLY EXPOSURE TO 75 mg ~ / m 3  HF FOR 1 HOURI 

Col 1 e c t i  on Ur ine Volume Ur ine sp. gr.  Ur ine Pro te in  BUN 
Per i od 

Kidney W t .  
Bodv W t .  - ~ 

(ml) (mg/per i od) (mg%) (;/kg) 
Exp. Cont. Exp. Cont. Exp. Cont. Exp. Cont. Exp. Cont. 

0 - 7 hr .  1.3 1 .O 1.086 1.167 2 2 19 
.2 . 3  ,016 .052 3 3 

(5)  (5)  (5 (5)  (5)  (5)  

48 - 72 hr. 8.2 7.4 1.072 1.073 7 1 83 
2.4 1.4 .016 .013 12 10 
(5)  (5)  (5 (5)  (5)  (5) 

1 Values expressed as mean, S.E.M., (number o f  animals per group). HF generated by 
compressed gas system. Exposure s ta r ted  a t  t ime zero; r a t s  s a c r i f i c e d  a t  96 hours. 



per iod was the  ur ine  s p e c i f i c  g r a v i t y  o r  p r o t e i n  content  

s i g n i f i c a n t l y  a l t e r e d  £ram c o n t r o l  l e v e l s  by HE' i n h a l a t i o n .  The 

volume of u r ine  excre ted  by the  HF exposed r a t s  tended t o  be higher 

than c o n t r o l  r a t s ,  but a t  no time were t h e  two groups s i g n i f i c a n t l y  

d i f f e r e n t .  Water and food consumptions during the  4 day 

postexposure per iod  were a l s o  s i m i l a r  i n  c o n t r o l  and exposed 

animals . 
The measured f l u o r i d e  concen t ra t ions  i n  s o f t  t i s s u e s  of r a t s  

s a c r i f i c e d  4 days a f t e r  nose-only exposure t o  75 mg F/m3 HF a r e  

given i n  Table 46. To ta l  and i o n i c  f l u o r i d e  concen t ra t ions  i n  

lung,  plasma and kidney were a l l  s i m i l a r  t o  c o n t r o l  l e v e l s .  These 

r e s u l t s  a r e  i n  marked c o n t r a s t  t o  r a t s  s a c r i f i c e d  4 days a f t e r  

whole-body exposure t o  HE' i n  which t h e  f l u o r i d e  concen t ra t ions  i n  

lung,  plasma and kidney were s i g n i f i c a n t l y  e l eva ted  over c o n t r o l  

l e v e l s  a t  t h i s  t i m e .  

The AF concentra t ions  i n  s o f t  t i s s u e s  of r a t s  s a c r i f i c e d  4 

days af ter nose-only exposure t o  75 mg F/m3 HE' a r e  given i n  Table 

47. AF appeared t o  be p resen t  i n  lunglplasma and kidney of  
Y 

c o n t r o l  and exposed r a t s ,  The AF ooncentra t ions  i n  the  t i s s u e s  

of exposed r a t s ,  however, were no higher than i n  c o n t r o l  r a t s .  

Ur inary  f l u o r i d e  exc re t ion  was s i g n i f i c a n t l y  e l e v a t e d  0-7 hours 

and 7-24 hours a f t e r  t h e  s t a r t  of  HE' exposure (Table 48) . The 

u r i n a r y  f l u o r i d e  exc re t ion  during the  24-48 hour per iod  af  ter 

exposure to  HF averaged 131% of c o n t r o l  l e v e l s  but t h e  two groups 

were not  s i g n i f i c a n t l y  d i f f e r e n t .  



TABLE 46 

MEASURED FLUORIDE CONCENTRATIONS I N  SOFT TISSUES OF RATS 
SACRIFICED 96 HOURS AFTER THE START OF NOSE-ONLY 

EXPOSURE TO 75 mg ~ / m 3  HF FOR 1 HOURI 

Lung Plasma K i  dney Trachea 
( W g )  (vg/ml) 

To ta l  I o n i c  
(lJg/s> 

To ta l  I o n i c  
(F . IS /~  ) 

To ta l  I o n i c  Tot  a1 

Exposed 0.3 0.10 0.11 0.037 0.3 0.12 19 
.1 .01 .06 .006 .1 .O1 2 

(5)  (5) (3 1 (5) (5 (5 ) (5 

Contro l  0.3 0.09 0.07 0.049 0.3 0.12 19 
.1 .01 .01 .004 .1 .01 2 

(5 )  (5 )  ( 4  (5)  (5 )  (5  1 (5)  

1 Values expressedasmean, S.E.M., (number o f  an ima l spe r  group.) 
HF generated by compressed gas technique. 

1 



TABLE 47 

AF CONCENTRATIONS IN SOFT TISSUES OF RATS SACRIFICED 
96 HOURS AFTER THE START OF NOSE-ONLY EXPOSURE 

TO 75 mg ~ / m 3  HF FOR 1 HOURI 

Lung Plasma K i  dney 
(F.1g/g) (vg/ml) (F.1!3/9) 

To ta l  AF Tot  a1 AF T o t a l  AF 

Exposed 0.3 0.2 0.11 0.07 
.1 .1 .06 .07 

(5) (5 )  (3 )  ( 3 )  

Cont ro l  0.3 0.2 0.07 0.02 0.3 0.2 
.1 .1 .01 . O 1  .1 .1 

(5 )  ( 5 )  (4 )  ( 4 )  (5 )  (5 )  

1 Values expressed as mean, S.E.M., (number o f  animals per  group). 
HF generated by compressed gas system. 



TABLE 48 

URINARY I O N I C  .FLUORIDE EXCRETION, FECAL TOTAL FLUORIDE 
CONCENTRATION AND FEMORAL FLUORIDE CONTENT AFTER NOSE-ONLY 

EXPOSURE TO 75 mg ~ / m 3  FOR 1 HOURI 

C o l l  e c t i  on Ur ine  I o n i c  F- Fecal T o t a l  ~2 Femoral F 
per i od (yg/per i od 1 (PS/ !I ) ( ~ 9  

Cont. Exp . Cont. Exp. Cont. Exp. 

0-7 hrs .  18 64b 
2 10 

(5)  (5 )  

7-24 hrs  . 33 78b 81 121 
3 14 

(5 )  ( 5 )  

24-48 hrs .  5 9 77 97 107 
5 17 

(5 )  (5 )  

48-72 hrs .  71 66 
9 9 

(5)  (5) 

72-96 hrs .  62 48 138 7 2 162 192a 
7 8 10 8 

( 5 )  (5)  (5) (5)  

1 Values expressed as mean, S.E.M., (number o f  animals per group). 
HF generated by compressed gas technique. Exposure s t a r t e d  a t  
t ime  0; r a t s  s a c r i f i c e d  a t  96 hours. 

2 Feces pooled by group. The f l  uori*de concent ra t ion  determined i n  
each pool i s  given. 

a p<U.U5compared t o c o n t r o l .  

b p<0.01 compared t o  c o n t r o l  . 



The u r ina ry  f l u o r i d e  exc re t ion  i n  c o n t r o l  animals averaged 5 1  

pg from 0-24 hours (18 pg from 0-7 hours ,  33 pg 7-24 hours) 

59 pg from 24-48 hours ,  7 1  pg from 48-72 hours and 62 pg from 

72-96 hours a f t e r  the  c o n t r o l  exposure. During t h e  e n t i r e  96 hour 

postexposure period c o n t r o l  animals excre ted  244 + 24 (5 )  pg 

[mean - + S.E. (number of animals) I .  tIF exposed r a t s  exc re ted  334 + 
32 (5)  pg dur ing the  96 hour postexposure period.  These t w o  

values a r e  not  s i g n i f i c a n t l y  d i f f e r e n t .  Thus, while t h i s  exposure 

regimen r e s u l t e d  i n  an i nc rease  i n  u r i n a r y  f l u o r i d e  exc re t ion ,  the  

inc rease  was not very l a r g e  compared t o  t h e  amount o f  f l u o r i d e  

excre ted  by c o n t r o l  r a t s .  

The f e c a l  concentra t ion  and femoral f l u o r i d e  con ten t  of  r a t s  

3 exposed t o  75 mg F/m HF f o r  1 hour are a l s o  given i n  Table 48. 

The f l u o r i d e  concentra t ion  i n  f e c e s  of exposed animals d i d  not  

appear t o  be higher than i n  c o n t r o l  r a t  f eces .  The femoral 

f l u o r i d e  con ten t  i n  r a t s  s a c r i f i c e d  4 days a f t e r  exposure t o  HE' was 

s i g n i f i c a n t l y  higher than c o n t r o l  l e v e l s .  

Urine samples were pooled by group and ashed f o r  determination 

of t o t a l  f l u o r i d c  concentra t ion .  As is shown i n  Table 49, 

s i g n i f i c a n t  amounts of AF were not  de tec ted  i n  the  u r ine  of 

c o n t r o l  o r  HE' exposed r a t s .  

The excess u r ina ry  f l u o r i d e  e x c r e t i o n  can be used t o  e s t ima te  

t h e  amount of f l u o r i d e  absorbed. I n  an experiment t o  be descr ibed 

below, 22% of  an administered f l u o r i d e  dose was excre ted  i n  the  

ur ine .  Thus, d i v i s i o n  of t h e  excess  u r ina ry  f l u o r i d e  e x c r e t i o n  due 

t o  HE' by 22% g i v e s  an es t ima te  of  the absorbed dose of  f l u o r i d e  i n  



TABLE 49 

AF CONCENTRATION IN URINE AFTER NOSE-ONLY EXPOSURE TO 
75 mg ~m/m3 HF FOR 1 HOURI 

Coll ect i  on peri od 

Exposed 

Control 

Urine f l  uori de concentration 
(vg/ml) 

Tot a1 Ioni c AF 

1 Urines w e r e p o o l e d p r i o r t o a n a l y s i s .  Thefluorideconcentra-  
t i  on determined in each pool i s  given. Fl uori de concentration 
i s  not corrected for  cage wash water. HF generated by com- 
compressed gas technique. Exposure s ta r ted  a t  time 0. 



t h e s e  r a t s .  Since t h e  excess u r i n a r y  f l u o r i d e  e x c r e t i o n  i n  exposed 

animals 24-48 hours a f t e r  exposure may have been due t o  HE' 

exposure, t h e  excess u r ina ry  f l u o r i d e  e x c r e t i o n  from t i m e  0-48 

hours was used f o r  t h i s  es t imat ion .  During t h i s  time per iod ,  HF 

exposed r a t s  excre ted  an excess of 108 f_ 20 pg of  f l u o r i d e .  The 

s tandard  e r r o r  f o r  t h e  excess f l u o r i d e  e x c r e t i o n  was c a l c u l a t e d  a s  

the square r o o t  of  the sum of the  squares  o f  the  s tandard  e r r o r s  

f o r  the  c o n t r o l  and exposed group. From t h i s  value it is es t imated  

t h a t  H F  exposed r a t s  absorbed an excess o f  491 + 91 pg of  - 
f luor ide .  A t  a  pulmonary v e n t i l a t i o n  of  100 cc/min it can be 

es t imated  t h a t  HE' exposed r a t s  i n h a l e  450 pg of  f l u o r i d e .  These 

es t ima tes  a r e  i n  good agreement sugges t ing  t h a t  t h e  excess  source  

of f l u o r i d e  found previous ly  i n  whole body exposed r a t s  is not 

p r e s e n t  i n  nose-only exposed r a t s .  I f  t h e  excess  s k e l e t a l  f l u o r i d e  

depos i t ion  is est imated assuming the  femur comprises 4.65% of  the  

ske le ton  and 78% of an acute  dose of  f l u o r i d e  is deposi ted  i n  t h i s  

s i t e  (100% - 22% u r i n a r y  exc re t ion  = 78%) a value of 877 + 330 - 

(mean + S.E.M., S.E.M. est imated a s  f o r  excess  u r ina ry  f l u o r i d e  

o x c ~ e t i o n )  ic obtained.  T h i s  value is not s t a t i s t i c a l l y  d i f f e r e n t  

f o r  t h e  value obta ined using the  u r ina ry  f l u o r i d e  exc re t ion .  The 

l a r g e  s tandard  e r r o r  of the mean f o r  t h i s  e s t ima te  based on femoral 

f l u o r i d e  depos i t ion  when only small amounts of  f l u o r i d e  a r e  

deposi ted  due to HE' exposure compared t o  the  amount t h a t  i s  a l ready  

p resen t  sugges t s  t h a t  measurement of t h e  u r i n a r y  f l u o r i d e  e x c r e t i o n  

would give a more r e l i a b l e  e s t ima te  of  the  absorbed f l u o r i d e  dose. 



C. F luor ide  Deplet ion Experiment 

I n  t h e  previous experiment it was ev iden t  t h a t  t h e  f l u o r i d e  

exc re t ion  i n  ur ine  and feces  of c o n t r o l  r a t s  was s u f f i c i e n t l y  high 

to make i n t e r p r e t a t i o n  of da ta  f o r  HE' exposed r a t s  d i f f i c u l t .  It 

was, t h e r e f o r e ,  decided t o  mainta in  r a t s  on low f l u o r i d e  d i e t  and 

d i s t i l l e d  water. I n  t h i s  experiment t h e  r a t e  a t  which the  u r i n a r y  

f l u o r i d e  exc re t ion ,  f e c a l  f l u o r i d e  exc re t ion ,  and so£ t t i s s u e  

f l u o r i d e  concentra t ion  decreased was i n v e s t i g a t e d  when r a t s  were 

placed on low f l u o r i d e  d i e t  and l a t e r  given NaF by i n t r a t r a c h e a l  

i n j e c t i o n .  

S ix teen  male Long Evans r a t s ,  housed i n d i v i d u a l l y  i n  metabolism 

. cages,  were fed  normal d i e t  (32 pg/g F con ten t )  and t a p  water (1 

pg/ml F ) .  After 3 days ,  4 r a t s  were s a c r i f i c e d  and the  remaining 

12  r a t s  were given l o w  f l u o r i d e  d i e t  (0.7 pg/g F con ten t )  and 

d i s t i l l e d  water (< 0.01 pg/ml F) . Timing f o r  the  experiment 

began on t h e  beginning of t h i s  day ( t ime 0 ) .  On day 6, a group of 

4 r a t s  was s a c r i f i c e d .  On the  morning o f  day 12, 5 r a t s  were in- 

s t i l l e d  i n t r a t r a c h e a l l y  with 200 pg F a s  NaF and 3 r a t s  were sham 

opera ted  and served as con t ro l s .  Two r a t s  d ied  dur ing NaF i n s t a l -  

l a t i o n ,  presumably due t o  drowning. These i n s t i l l e d  and c o n t r o l  

r a t s  were s a c r i f i c e d  4 days l a t e r ,  a t  t h e  end of t h e  1 5 t h  day on 

low f l u o r i d e  d i e t .  Rats were assigned t o  s a c r i f i c e  group (day 0, 

day 6 ,  day 1 5  c o n t r o l ,  day 1 5  i n s t i l l e d )  on a random b a s i s .  Urine 

and feces  were c o l l e c t e d  every  day. Fecal  samples c o l l e c t e d  on 

days -2 through t o  + 11 were pooled by group p r i o r  to a n a l y s i s .  

Feces excre ted  on days 12, 13, 1 4 ,  and 1 5  were not pooled. 



The body weight and organ t o  body weight' r a t i o s  i n  r a t s  

s a c r  i f  i ced  a t  var ious  times during t h e  f l u o r i d e  d e p l e t i o n  

experiment a r e  given i n  Table 50. A l l  r a t s  were weighed on days 

-3,  0 and 12. A l l  r a t s  gained weight dur ing  t h e  experiment. Water 

and food consumption were s i m i l a r  i n  r a t s  consuming normal F d i e t  

and t a p  water and r a t s  consuming low F d i e t  and d i s t i l l e d  water.  

Consumption of  l o w  F d i e t  averaged 18 g/day. The kidney t o  body 

weight r a t i o  tended to be lower i n  r a t s  f e d  low F d i e t  than i n  r a t s  

f e d  normal F d i e t .  This  d i f f e rence  was s i g n i f i c a n t  i n  r a t s  

i n s t i l l e d  with NaF and s a c r i f i c e d  on day 15. The lung weight t o  

body weignt r a t i o  i n  r a t s  f ed  low F d i e t  was a l s o  lower than i n  

r a t s  f e d  normal F d i e t .  This r a t i o  was s i g n i f i c a n t l y  lower than on 

day 0 i n  r a t s  s a c r i f i c e d  on the  6 th  and 1 5 t h  day o f  low F d i e t  

feeding.  

The volume of u r ine  excre ted  per day and the  u r ine  s p e c i f i c  

g r a v i t y  were unaffected by low F d i e t .  The BUN was s i m i l a r  i n  r a t s  

f e d  l o w  F d i e t  and normal d i e t .  Urinary p r o t e i n  exc re t ion  was not  

measured. 

The measured Lluuride concentra t ions  i n  s o f t  t i s s u e s  of r a t s  

f e d  low F d i e t  f o r  varying per iods  of time a r e  shown i n  Table 51. 

The t o t a l  f l u o r i d e  concentra t ions  i n  lung,  plasma and kidney o f  

animals f e d  normal d i e t  (day 0 group) a r e  a t  t h e  l i m i t  of . 

s e n s i t i v i t y  o f  the  t o t a l  f l u o r i d e  a n a l y t i c a l  method, t h e r e f o r e ,  no 

decrease  i n  t h e s e  concentra t ions  would be de tec ted  a n a l y t i c a l l y .  

The i o n i c  f l u o r i d e  concentra t ion  i n  the  lungs  of animals s a c r i f i c e d  

on day 0 (normal d i e t )  a r e  a l s o  a t  t h e  l i m i t  of s e n s i t i v i t y .  The 



TABLE 50 

Body W t .  

+152 331 
i n s t i l l e d  6 

(3)  

Kidney W t .  
Body W t .  

1 Values expressed as mean, S.E.M., (number o f  animals per  group). 
F l u o r i d e  dep le t i on  regimen was s t a r t e d  a t  t h e  beginning o f  day 0. 

2 These r a t s  were i n s t i l l e d  i n t r a t r a c h e a l l y  w i t h  200 pq F as NaF 
a t  s t a r t  of day 12. 

a pc0.05 compared t o  day 0. 

pc0.01 compared t o d a y 0 .  



TABLE 51 

MEASURED FLUORIDE CONCENTRATIONS I N  SOFT TISSUES 
OF RATS DURING FLUORIDE  DEPLETION^ 

S a c r i f i c e  - Lung Plasma K i  dney 
ti me ( ~ g / g )  ( ~ g / m l )  (US/ g 

To ta l  I o n i c  To ta l  I o n i c  To ta l  I o n i c  

Day 0 0.6 0.03 0.01 0.053 0.2 0.13 
.1 .O1 .01 .001 .1 .02 

(4)  (4)  (4) (4)  (4)  (4  

Day 6 0.5 0.03 0.02 0.052 0.2 0.08 
.3 .02 .01 .007 .1 .02 

(4)  (4)  (4)  (4)  (4)  (4)  

Day 15 0.3 0.02 0.03 0.008 0.1 0.04 
.o .01 . O 1  .001 .1 .02 

(3)  (3)  (3)  (3)  (3) (3 

Day 152 0.4 0.02 0.06 0.007 0.0 0.03 
I n s t i l l e d  .1 .01 . O 1  .OOO .O . 00 

(3)  (3 (3)  (3) (3)  (3 

Trachea 
(yg/g) 
Tot a1 

1 Values expressed as mean, S.E.M., (number o f  animals per group). 
F l  uo r i  de dep le t ion regimen was s ta r t ed  a t  the  begi nni ng o f  day 0. 

2 These r a t s  were i n s t i l l e d  i n t r a t r a c h e a l l y  w i t h  200 yg F as NaF 
at  the  s t a r t  of day 12. 



i o n i c  f l u o r i d e  concentra t ion  i n  the  kidneys of r a t s  decreased wi th  

inc reas ing  time on low F d i e t .  Plasma i o n i c  f l u o r i d e  concen t ra t ion  

was s i g n i f i c a n t l y  lower i n  r a t s  s a c r i f i c e d  a f t e r  15  days on l o w  F  

d i e t  than  i n  r a t s  f e d  normal d i e t ,  but  no decrease  i n  plasma i o n i c  

F  concentra t ion  was evident  i n  r a t s  s a c r i f i c e d  a f t e r  only  6 days on 

low F d i e t .  Tracheal  f l u o r i d e  concen t ra t ion  inc reased  with time, 

even though r a t s  were f ed  low F d i e t .  By comparing the  f l u o r i d e  

concentra t ions  i n  s o f t  t i s s u e s  of r a t s  s a c r i f i c e d  4 days a f t e r  

i n t r a t r a c h e a l  i n s t i l l a t i o n  of 200 pg F  ( a s  NaF) t o  the  day 1 5  

sham-operated r a t s  it is apparent  t h a t  d e t e c t a b l e  amounts of 

f l u o r i d e  a r e  not  r e t a ined  i n  the  lung,  plasma o r  kidney of  r a t s  s o  

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

The AF concentra t ions  i n  s o f t  t i s s u e s  of r a t s  f e d  low F d i e t  

f o r  varying per iods  of time a r e  shown i n  Table 52. The AF 

concentra t ions  i n  a l l  t i s s u e s  were s o  low t h a t  no r e a l  comparisons 

can be made. 

The d a i l y  u r i n a r y  i o n i c  f l u o r i d e  e x c r e t i o n  i n  r a t s  f e d  low 

f luor ide  d i e t  is shown i n  Figure 22. A s  can be seen t h e  mean 

u r ina ry  f l u o r i d c  e x e r e t i o ~ i  decreased throughout the  e n t i r e  1 5  day 

experimental  period.  On t h e  1 5 t h  day of low F d i e t  feeding r a t s  

excre ted  an average of  10. - + 2. (3) pg F  mean 2 S.E. ( n ) ] .  The 

f l u o r i d e  in take  during t h i s  day averaged 1 2  pg i n d i c a t i n g  t h e s e  

r a t s  were i n  zero  or  p o s i t i v e  f l u o r i d e  balance. The logari thm of 

t h e  d a i l y  f l u o r i d e  e x c r e t i o n  is p l o t t e d  a g a i n s t  exper imental  day i n  

Figure 23. The f l u o r i d e  e x c r e t i o n  from day 2-15 appeared t o  f i t  a  

s i n g l e  l i n e  the  s lope  of  which ind ica ted  t h a t  under these  



TABLE 52 

AF CONCENTRATIONS I N  SOFT TISSUES OF RATS DURING 
FLUOR I DE  DEPLETION^ 

S a c r i f i c e  Lung P 1 asma K i  dney 
t ime ( P S / ~  ( ~ g / m l >  

To ta l  AF 
(11s/s) 

To ta l  AF To ta l  AF 

Day 0 

Day 6 0.5 0.4 0.02 -0.04 0.2 0.1 
.O .o . O 1  . 00 .1 .1 

(4)  (4) (4)  (4)  (4)  (4)  

Day 15 0.3 0.3 0.03 0.02 0.1 0.0 
.o .O .01 . O 1  *1 .O 

( 3 )  (3)  (3)  (3)  (3)  (3)  

Day 152 0.4 0.3 0.06 0.05 0.0 0.0 
I n s t i l l e d  .1 .1 .01 .01 .O .O 

(3) (3)  (3)  (3)  (3)  ( 3 )  

1 Values expressed as mean, S.E.M., (number o f  animals per group). 
F luo r ide  dep le t ion regimen was s ta r t ed  a t  beginning o f  day 0. 

2 These r a t s  were i n s t i l l e d  i n t r a t r a c h e a l l y  w i t h  200 pg F as 
NaF a t  t he  s t a r t  of day 12. 



FIGJRE 22 

Dai ly  u r ina ry  i o n i c  f l u o r i d e  e x c r e t i o n  of  f l u o r i d e  deple ted  r a t s  

versus  t i m e  on low f l u o r i d e  d i e t .  Mean 2 S. E.M. i s  shown. Rats 

were placed on low F d i e t a r y  regimen a t  t h e  s t a r t  of day 0. 





FIGURE 23 

Log of t h e  mean d a i l y  urinary i o n i c  f luor ide  e x c r e t i o n  of f luor ide  

depleted r a t s  versus t i m e  on l a w  f luor ide  d i e t .  The l inear  regimen 

l i n e  f o r  days 2-15 i s  s b w n  (r = . 9 9  , d f  = 14,  pC.01) .  
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exper imenta l  c o n d i t i o n s  F  taken i n  p rev ious ly  under normal d i e t a r y  

c o n d i t i o n s  was be ing  c l e a r e d  from t h e  r a t  w i th  a ha l f - t ime 8 . 3  days.  

The u r i n e  samples collected on exper imenta l  days 6-15 were 

pooled by day and then  ashed f o r  de t e rmina t ion  of t o t a l  f l u o r i d e  

c o n t e n t .  T o t a l  F c o n c e n t r a t i o n  exceeded i o n i c  f l u o r i d e  

c o n c e n t r a t i o n  i n  8 of  t h e  10  samples analyzed (Table 53) .  The mean 

AF c o n c e n t r a t i o n  f o r  t h e  10  u r i n e  p o o l s  was 0.2 5 .06 mg/ml (mean 

+ S.E.M.) . AF c o n c e n t r a t i o n s  similar to t h o s e  i n  sham ope ra t ed  - 
r a t s  were o b t a i n e d  i n  u r i n e  p o o l s  from r a t s  i n s t i l l e d  

i n t r a t r a c h a e l l y  w i t h  200 yg F  ( a s  NaF) . 
The t o t a l  f l u o r i d e  c o n c e n t r a t i o n  i n  f e c e s  c o l l e c t e d  each  day 

dur ing  t h e  f l u o r i d e  d e p l e t i o n  experiment a r e  shown i n  F i g u r e  24. 

Feces were pooled p r i o r  t o  a n a l y s i s  w i t h  t h e  e x c e p t i o n  of days 

12-15. The mean £&a1 f l u o r i d e  c o n c e n t r a t i o n  on days 12-15 a r e  

p l o t t e d  i n  t h i s  graph. A s  is e v i d e n t ,  w i t h i n  3 days a f t e r  t h e  

s t a r t  o f  law F  d i e t  t he  f e c a l  f l u o r i d e  c o n c e n t r a t i o n  decreased  from 

approximately 100 yg/g t o  approximately 2 pg/g. 

The u r i n a r y  and f e c a l  f l u o r i d e  e x c r e t i o n  i n  r a t s  i n s t i l l e d  

i n t i ' a t r a c h e a l l y  w i t h  290 yg F  ( a s  NaF) a r e  g iven  i n  Tab le  54. 

Only i n  u r i n e  c o l l e c t e d  from 0-24 hours  a f t e r  i n s t i l l a t i o n  was t h e  

f l u o r i d e  e x c r e t i o n  e l e v a t e d  over  c o n t r o l  l e v e l s .  The i n s t i l l e d  

r a t s  e x c r e t e d  a  mean of  19  f_ 3% (mean 5 S. E.M.) of t h e  i n s t i l l e d  

f l u o r i d e  dose i n  t h e i r  u r i n e .  Feca l  f l u o r i d e  c o n c e n t r a t i o n s  were 

no t  s i g n i f i c a n t l y  e l e v a t e d  i n  r a t s  i n s t i l l e d  i n t r a t r a c h e a l l y  w i t h  

f l u o r i d e .  



TABLE 53 

Coll ec t i  on period 

(day) 

Urine f l  uori de 
(pg/ml> 

Tot a1 Ionic AF 

1 Urines werepooledpr ior  t o  analysis. Fluoride concentrations 
determined on each urine pool are given. Fl uori de concentration 
not corrected for  cage wash water. Fluoride depletion regimen 
was s ta r ted  at  beginning of day 0. 

2 These r a t s  were i n s t i l l e d  in t ra t rachea l ly  with 200 pg F as NaF 
at the  s t a r t  of day 12. 



FIGURE 24 

Mean fecal total fluoride concentration of fluoride depleted r a t s  

versus time on low fluoride diet .  Rats were placed on low fluoride 

d ie t  a t  the s t a r t  of day 0. 





TABLE 54 

URINARY IONIC FLUORIDE EXCRETION AND FECAL TOTAL 
FLUORIDE CONCENTRATION IN PARTIALLY FLUORIDE 

DEPLETED RATS AFTER INTRATRACHEAL INSTILLATION 
OF 200 pg F AS ~ a ~ l  

Days on F-depl e t i  on regimen 11 12 13 14 15 
Hours a f t e r  NaF i n s t i l l a t i o n  0-24 24-48 48-72 72-96 

U r i n e  I o n i c  F- (pg/day) 

Con t ro l  

I n s t i  11 ed 

Fecal T o t a l  F (pg/g) 

Con t ro l  

I n s t i l l e d  

1 Values expressed as mean, S.E.M., (number o f  animals per  group).  
F l u o r i d e  d e p l e t i o n  regimen was s t a r t e d  a t  t h e  beg inn ing  o f  day 0. 

b p<0.01 compared t o  c o n t r o l .  



D. F luor ide  I n j e c t i o n  

After  1 c o n t r o l  day i n  metabolism cages 13 p a r t i a l l y  f l u o r i d e  

deple ted  (11 f u l l  days on low F regimen) and 6 normal F i n t a k e  male 

Long Evans r a t s  were i n j e c t e d  i n t r a p e r i t o n e a l l y  wi th  200 pg F 

(0.2 m l ,  1000 pg F/ml a s  NaF) and re turned t o  t h e i r  r e s p e c t i v e  

cages. Excreted u r ine  and f e c e s  were then c o l l e c t e d  f o r  timed 

pe r iods  throughout the  succeeding 96 hours. This  experiment was 

performed t o  1) o b t a i n  a l a r g e r  sample s i z e  f o r  the  de terminat ion  

of the  percent  of  an acu te  f l u o r i d e  dose which is excre ted  i n  the  

u r ine ,  2) determine i f  d i f f e r i n g  r o u t e s  of admin i s t r a t ion  would 

a f f e c t  the  u r ina ry  f l u o r i d e  exc re t ion  ( i . p .  v s  i.t.) and 3)  

determine i f  f l u o r i d e  dep le t ion  a 1  t e r e d  t h i s  response (normal v s  

l o w  F d i e t ) .  Urine samples were c o l l e c t e d  ind . iv idual ly ,  f e c e s  were 

pooled by group. The f l u o r i d e  deple ted  r a t s  were i n j e c t e d  ' i n  two 

groups, one group of  9, and the  o the r  group of  4 r a t s .  N o  s o f t  

t i s s u e s  were c o l l e c t e d  from t h e s e  r a t s  because previous  experiments 

had shown t h a t  f l u o r i d e  was not r e t a ined  f o r . 9 6  hours a f t e r  

t reatment.  

I n j e c t i o n  ( i .p .  o r  i. t.) o f  200 pg F was without  e f f e c t  on 

kidney funct ion  a s  measured by u r ine  volume o r  s p e c i f i c  g r a v i t y  

(Table 55).  The da ta  fol lowing both r o u t e s  of  admin i s t r a t ion  were 

simj.1.x and were, t h e r e f o r e ,  combined f o r  t h i s  table .  Food and 

water mnsumption were measured d a i l y  and were unchanged by 

i n j e c t i o n .  The mean body weight of r a t s  used i n  t h i s  experiment 

was approximately 300g. The u r ina ry  f l u o r i d e  exc re t ion  i n  f l u o r i d e  

deple ted  r a t s  was elevated only during t h e  0-24 per iod  a f t e r  



TABLE 55 

RENAL EFFECTS IN FLUORIDE DEPLETED RATS OF 
INTRATRACHEAL OR INTRAPERITONEAL INJECTION OF 

200 pg F AS N~FI 

C o l l  e c t i  on p e r i o d  U r i n e  Volume . 
(hours ) (ml )  

U r i n e  sp. gr. 

1 Values expressed as mean, S.E.M., (number o f  animals per group).  

2 Cont ro l  per iod,  f l u o r i d e  i n j e c t e d  a t  t i m e  0. 



i n j e c t i o n  (Table 56) . The response was s i m i l a r  af  t e r  e i t h e r  

i n t e r p e r i t o n e a l  or  i n t r a t r a c h e a l  i n j e c t i o n .  The excess  f l u o r i d e  

excre t ion ,  c a l c u l a t e d  by s u b t r a c t i n g  t h e  f l u o r i d e  excre ted  on the  

c o n t r o l  day from t h a t  excre ted  dur ing t h e  24 hour per iod a f t e r  

i n j e c t i o n  averaged 44.9 pg 5 9.1 (mean 2 s t d .  dev.) . This 

corresponds t o  22 2 5% (mean 2 s t d .  dev.) of t h e  administered dose. 

Die ta ry  f l u o r i d e  s t a t u s  d i d  not  a f f e c t  the  percent  of an acu te  

f l u o r i d e  dose excre ted  i n  the  u r i n e  within 24 hours (Table 57) .  

Urine excreted by these  r a t s  was c o l l e c t e d  dur ing the  24 hours 

previous t o  i n j e c t i o n ,  from 0-7 hours pos t - in jec t ion ,  and from 7-24 
- 

hours pos t - in jec t ion.  The f l u o r i d e  excre t ion  from 0-24 hours 

pos t - in jec t ion  is t h e  sum of t h a t  excre ted  i n  t h e  0-7 and 7-24 hour 

per iods  . 
Bcess f l u o r i d e  excre t ion  due t o  i n j e c t i o n  was c a l c u l a t e d  by 

s u b t r a c t i n g  the  appropr ia te  c o n t r o l  value f o r  each r a t .  A s  can be 

seen,  i n  f l u o r i d e  deple ted  r a t s  the major por t ion  (83%) of  the 

excess  f l u o r i d e  excre t ion  due t o  i n j e c t i o n  of F was excre ted  i n  t h e  

f i r s t  7 hours pos t  i n j e c t i o n .  Fluoride excre t ion  i n  t h e s e  r a t s  was 

not e levated  24-48, 48-72, or 72-96 hours pos t - in jec t ion  (Table 54, 

group of 4 ) .  The response t o  f l u o r i d e  i n j e c t i o n  i n  normal F r a t s  

was no d i f f e r e n t  than i n  F depleted r a t s  (Table 57). Normal F r a t s  

excreted a mean of 47 pg excess F or 24% of the i n j e c t e d  dose 

during t h e  f i r s t  24   hour^ post-injec.tion. The major por t ion  (79%) 

of the excess f l u o r i d e  t o  be excre ted  by these  r a t s  was a l s o  

excre ted  0-7 hours pos t - in jec t ion.  



TABLE 56 

URINARY IONIC FLUORIDE EXCRETION IN FLUORIDE. DEPLETED 
RATS INJECTED INTRATRACHEALLY OR INTRAPERITONEALLY 

WITH 200 ug F AS ~ a ~ l  

Route of -24-0 hr .2 0-24 hr. 
admi n i  s t r a t i  on (vg/ day 1 day 1 
I  ntratracheal  13 4 9 

11 47 
14 64 

Int raper i toneal  13 
12 
13 
12 
12 
14 
13 
15 
10 

I  n t raper i  toneal 15 5 6 
12 5 5 
11 75 
14 77 

24-48 hr. 
(vg/day) 

48-72 hr. 
( vg/ day 1 

1 The ur inary f l uo r ide  excretion of each r a t  i s  reported 
i  ndi vi dual ly. 

2 Control period, f l uo r ide  in jec ted  a t  t imeO.  



TABLE 57 

URINARY IONIC FLUORIDE EXCRETION IN NORMAL F RATS 
AND FLUORIDE DEPLETED RATS INJECTED 

1N.TRAPERITONEALLY WITH 200 pg F AS ~ a ~ l  

-24-0 hr.2 0-7 hr. 7-24 hr. 0-24 hr.3 
(pglper iod)  (vglperi  od (vglper i  od) (vglper i  od) 

Fluoride- 
depleted 15 43 

12 34 
11 51 
14 6 1 

Excess f 1 uori de4 
excret  i on-mean 

+ S.E.M. - 

Normal f l uo r ide  58 26 
48 27 
49 24 
6 3 7 3 
60 105 
28 5 7 

Excess f  1 uor i de4 
excretion-mean 3 7 10 

+ S.E.M. - - +13 - +5 

1 The ur inary ionic  f l uo r ide  excretion of each r a t  i s  reported 
individually.  

2 Control period, f l uo r ide  in jected a t  time 0. 

3 Urine was col lected from each r a t  from 0-7 hours and from 
7-24 hours. The f luor ide  excretion from 0-24 hours i s  ca lcula ted 
as t he  sum of t ha t  excreted during these  two periods. 

E x c e s s f l u o r i d e e x c r e t i o n f o r e a c h r a t w a s c a l c u l a t e d b y  
subtract ing the  appropriate control  value f o r  t h a t  r a t .  The 
control  value fo r  the 0-7 hour and 7-24 hour period was calcu- 
la ted as  7/24 or  17/24, respec t ive ly ,  of t he  24 hour u r inary  
f l uo r ide  excretion during the  control  day. 



The mean f e c a l  f l u o r  ide  concentra t ions  i n  F deple ted  r a t s  af ter 

i n j e c t i o n  of f l u o r i d e  a r e  shown i n  Table 58. Feces were pooled by 

group i n  r a t s  i n j e c t e d  i n t r a p e r  i t o n e a l l y .  The f e c e s  excre ted  by 

each c o n t r o l  and i n t r a t r a c h e a l l y  i n j e c t e d  r a t  were analyzed 

s e p a r a t e l y  and the  mean value given. The S.E.M. f o r  these  l a t t e r  

two groups is given i n  Table 54. The f e c a l  f l u o r i d e  concen t ra t ion  

was not  a l t e r e d  by i n t r a t r a c h e a l  i n j e c t i o n  of  200 pg F. However, 

i n t r a p e r i t o n e a l  i n j e c t i o n  of  200 pg F appeared t o  r e s u l t  i n  a  

s l i g h t  e l e v a t i o n  i n  f e c a l  f l u o r i d e  concen t ra t ions  i n  t h e  f i r s t  2 4  

hours. If t h e s e  e l e v a t i o n s  a r e  r e a l ,  approximately 2% of t h e  

i n t r a p e r i t o n e a l  dose of f l u o r i d e  was exc re ted  v i a  t h e  f eces .  

The r e s u l t s  of t h i s  and the  preceding experiment i n d i c a t e d  t h e  

d e s i r a b i l i t y  of using f l u o r i d e  deple ted  r a t s  f o r  an FIE' r e t e n t i o n  

experiment . The f l u o r i d e  dep le t ion  regimen r e s u l t e d  i n  a  50-fold 

decrease  i n  f e c a l  f l u o r i d e  concentra t ion  and a  6-fold decrease  i n  

u r ina ry  f l u o r i d e  exc re t ion  without  a 1  t e r  ing  the  manner i n  which 

t h e  r a t  metabolized an a c u t e  f l u o r i d e  dose. However, t h e  use of 

f l u o r i d e  deple ted  r a t s  is complicated by the  f a c t  t h a t  both the  

u r ina ry  f l u o r i d e  e x c r e t i o n  and so£ t t i s s u e  f l u o r i d e  concentra t ion  

appear t o  be a  func t ion  of  the l e n g t h  o f  t i m e  on the  l o w  f l u o r i d e  

d i e t a r y  regimen. 

E. Upper Resp i ra to ry  Trac t  Exposure 

The r e s u l t s  of s e v e r a l  of the  previous experiments pointed  o u t  

the  p o s s i b i l i t y  t h a t  a  s i g n i f i c a n t  f r a c t i o n  of inhaled HF is 

deposi ted  i n  the  upper r e s p i r a t o r y  t r a c t .  Comparison of t h e  

pulmonary r e t e n t i o n  k i n e t i c s  of f l u o r i d e  in '  t he  whole body HF 



TABLE 58 

TOTAL FECAL FLUORIDE EXCRETION IN FLUORIDE DEPLETED RATS 
INJECTED WITH 200 pg F As ~ a ~ l  

Mean fecal 
Route of -24-0 hr.2 0-24 hr. 24-48 hr. 48-72 hr. 72-96 hr. dry weight 
administration (pg/g) (~9/9) ( FCS/S? (pg/g) (PS/~) (9) 

Control 0.8 1.3 1.8 0.7 3.6 0.9 

Intraperitoneal 0.6 5.6 1.4 0.6 0.0 1 . 3. 
(group of 9) 

Intraperitoneal 
(group of 4) 

Intratrachael 1.7 1.3 0.5 2.5 

1 Mean fecal fluoride concentration for each group is reported. 

2 Control period. Rats injected at time 0. 



retention experiment with the estimated inhalation ra te  of tIF 

suggested that  as much as 99% of inspired HE' may be removed from 

the a i r  by the upper respiratory t rac t .  The pulmonary fluoride 

burden in  ra ts  exposed to  HF plus water vapor was markedly lower 

than in  ra t s  exposed to  similar concentrations of HF alone, yet the 

body burdens of fluoride, as measured by plasma fluoride 

concentration, i n  both groups of ra t s  were quite similar. One 

possible explanation for these results  was that  water vapor a l t e r s  

the regional deposition pattern of inhaled HF without affecting the 

to ta l  amount deposited. T h i s  same phenomenon would also explain 

the differences in pulmonary fluoride burdens in  Blue Spruce and 

Charles River rats  after  exposure to  similar HF levels. I t  should 

be s tated,  however, that  there are several other possible 

explanations for each of these results.  I t  was not the 

conclusiveness of the observations but the frequency w i t h  which they 

occurred which led to the performance of the experiment to be 

described i n  t h i s  section. 

The basic design of t h i s  experiment was to measure the 

concankraton of HF in s i p  entering the external nares and in a i r  

entering the trachea, ( i n  a i r  which had passed through the upper 

respiratory t rac t )  . The term upper respiratory t rac t  as used here 

refers to a l l  regions of the respiratory t r ac t  cephalad to  the 

trachea. Any difference in airborne fluoride concentrations a t  

these two locations would be attributed to  deposition of HF in the 

upper respiratory tract .  Measurement of airborne fluoride 

concentration entai ls  drawing a i r  a t  a known flow rate through a 



c o l l e c t i n g  agen t ,  measuring the  amount of f l u o r i d e  c o l l e c t e d ,  and 

express ing it per u n i t  volume of a i r  sampled. Chamber a i r  samples 

were drawn a t  0.77 l/min f o r  one minute. Measurement of a i rborne  

f l u o r i d e  l e v e l s  i n  t h e  t rachea  of t h e  i n t a c t  r a t  by t h i s  technique  

would not  only  i n t e r f e r e  wi th  the  animals'  r e s p i r a t i o n ,  but  the  

r e s p i r a t o r y  process would i n t e r f e r e  with sample c o l l e c t i o n .  

Therefore,  it was decided t o  sever the  t r achea  completely and al low 

t h e  r a t  t o  r e s p i r e  rocan a i r  spontaneously through an endotracheal  

tube which l e a d  cauda l ly  towards the lung. A second endotracheal  

tube  was i n s e r t e d  i n  t h e  t r achea  towards t h e  mouth. PE 190 tub ing  

was used t o  connect the  l a t t e r  endotracheal  tube t o  an a i r  sampler.  

This  a i r  sampler drew chamber a i r  through the upper r e s p i r a t o r y  

t r a c t  i n t o  the  upper t r achea  and then through 2 midget impingers 

each conta in ing a HF c o l l e c t i o n  f l u i d  (TISAB) . Div i s ion  of t h e  

amount of f l u o r i d e  c o l l e c t e d  i n  the  impingers by t h e  volume of a i r  

sampled gave t h e  f l u o r i d e  concentra t ion  i n  t r a c h e a l  a i r ,  i .e.,  i n  

a i r  t h a t  had passed through the  upper r e s p i r a t o r y  t r a c t .  These 

t r a c h e a l  a i r  samples were drawn f o r  5 minute per iods  a t  a 

p h y o i o l a g i u l  flw r a t e  of  0.14 l i t e r /min .  Since some of the a i r  

drawn i n t o  t h e  t r achea  may pass through t h e  o r a l  c a v i t y  i n s t e a d  of 

the  n a s a l  c a v i t y  the  head of each experimental  r a t  was i n s e r t e d  i n  

t h e  HE' chamber t o  such an exf en t  t h a t  t h e  e n t i r e  mouth w a s  exposed 

t o  the  HF atmosphere, t h u s ,  e l imina t ing  t h e  p o s s i b i l i t y  t h a t  any 

non-HF conta in ing a i r  might be drawn i n t o  t h e  t rachea .  

The exac t  experimental protocol  was a l s o  inf luenced by o the r  

cons idera t ions .  Any vasocongestion or 1.ocal ized odema i n  t h e  n a s a l  



cavity induced by HI? might be expected t o  a l ter  the collection 

efficiency of th i s  region by reducing the airway diameter. That 

such a process might occur was demonstrated i n  the dose-response 

experiment i n  which ra t s  were observed to emit f luid f r m  their 

external nares. Consequently, i t  was decided t o  draw several a i r  

samples through the upper respiratory t rac t  to determine if the 

collection efficiency was altered by exposure to  HF. A 5 minute 

period separated each 5 minute tracheal a i r  sample collection 

period. This protocol not only provided some time for toxic 

effects to develop but allowed equal time periods when the nasal 

cavity was exposed to  H F  (mimicking the inspiratory phase of 

respiration i n  the intact  r a t )  and when it was not exposed t o  HE' 

(mimicking the expiratory phase of respiration i n  the in tact  r a t )  . 
In th i s  experiment it was also hoped to determine if exposure of 

only upper respiratory t rac t  alone resulted i n  increased systemic 

burdens of fluoride as measured by increased plasna fluoride 

concentration. To th i s  end it  was necessary that  rats  be exposed 

to  significant amounts of HI? and that  there be suff ic ient  time for 

some absorption of fluoride t o  occur. The experimental protocol 

used (Figure 25) f i t s  a l l  these c r i t e r ia .  

Immediately af ter  the end of the l a s t  tracheal a i r  sample the 

thoracic cavity was opened and blood withdrawn by cardiac 

puncture. The upper respiratory t r ac t  was rinsed once with 4 m l  

doubled d i s t i l l ed  water. By th is  rinsing procedure it was hoped t o  

determine qualitatively if  this  exposure regimen resulted i n  

increased fl.uoride concentrations i n  the upper respiratory t rac t .  



FIGURE 25 

Experimental p r o t o c o l  f o r  upper r e s p i  r a t o r y  t r a c t  exposure. 
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P r i o r  t o  t h e  experiment both  a i r  samplers were c a l i b r a t e d  wi th  

a dry gas meter and then a g a i n s t  each o ther  by drawing concurrent  

a i r  samples from HE' chamber atmospheres. The measured a i r b o r n e  F 

concentra t ion  measured with t h e  slow flaw r a t e  sampler (0.14 l/min 

x 5 min) averaged 98 + 14% (mean + s t d .  dev.) o f  the concentra t ion  

determined by t h e  high flow r a t e  sampler (0.77 l/min x 1 m i d .  

Since the  upper r e s p i r a t o r y  t r a c t  provides some r e s i s t a n c e  to  flow 

t h e r e  w i l l  be a s l i g h t  pressure  drop .in a i r  pass ing through t h i s  

si te.  However, t h e  expected p ressure  drop is  not l a r g e  enough t o  

s i g n i f i c a n t l y  a l t e r  the  c a l i b r a t i o n  of t h e  rotameter used t o  

measure a i r  flow r a t e  (Mercer, 1973). The r a t e  a t  which bubbles 

formed i n  t h e  HE' c o l l e c t i o n  medium provided an independent,  a l b i e t  

crude,  way t o  monitor the  a i r  flow through the  sampler system. N o  

d i f f e r e n c e  i n  t h e  r a t e  of bubble formation could be d iscerned when 

a r a t  was placed i n t o  or removed from the  system. 

Rats  were sub jec ted  t o  t h i s  exposure regimen i n d i v i d u a l l y ,  t h u s  

each r a t  was exposed t o  s l i g h t l y  d i f f e r e n t  a i rborne  f l u o r i d e  

concentra t ions .  The f i r s t  group of 4 male Long Evans r a t s  was 

exposed t o  96 + G mg r / m 3  Hi? (mean + S. E . M . )  . Another group o f  

r a t s  was exposed t o  a higher m n c e n t r a t i o n  (176 - + 4 mg F/m3) and 

a t h i r d  group t o  a lower concentra t ion  (36 - + 4 mg E'/m3). One 

group of c o n t r o l  ~ a t s  ware exposed t o  roan a i r  by t h e  same p ro toco l  

a s  f o r  I=. Another group was s u r g i c a l l y  prepared and placed i n  t h e  

3 HF' chamber (concentra t ion  74 mg F/m ) bu t  no a i r  was drawn 

through t h e  upper r e s p i r a t o r y  t r a c t .  This  exposure was performed 

t o  determine i f  any HF was absorbed due t o  a proccess o ther  than 



flclw through t h e  upper r e s p i r a t o r y  t r a c t .    he chamber a i r  

t empera ture  averaged 2 5 O ~ ,  t h e  r e l a t i v e  humidi ty ranged between 

1 7  and 25%. Animals were kept  warm wi th  a 250 watt h e a t  lamp. The 

h e a t  lamp a l s o  warmed t h e  t r a c h e a l  a i r  sampling tube  and the reby  

helped t o  minimize condensat ion.  

The l i m i t  of d e t e c t i o n  of  a i r b o r n e  f l u o r i d e  under t h e  sampling 

3 
c o n d i t i o n s  used i n  t h i s  experiment was 0.1 mg F/m . D e t e c t a b l e  

amounts o f  HE' were not  p r e s e n t  i n  t h e  t r a c h e a l  a i r  of r a t s  exposed 

t o  any chamber HE' c o n c e n t r a t i o n  (Table  59 ) .  D e t e c t a b l e  amounts of 

f l u o r i d e  were not c o l l e c t e d  i n  e i t h e r  t h e  f i r s t  o r  t h e  second 

midget impinger . Under t h e s e  c o n d i t i o n s  the  HE' c o l l e c t i o n  

e f f i c i e n c y  o f .  t h e  upper r e s p i r a t o r y  t r a c t  w a s  g r e a t e r  t han  99.7% o r  

99.9% depending on t h e  chamber a i r b o r n e  f l u o r i d e  c o n c e n t r a t i o n .  It 

is i n t e r e s t i n g  t o  no te  t h a t  a i r b o r n e  HF drawn through 1 0  m l  of 

TISAB a t  a much g r e a t e r  f law rate of 0.77 l /min is c o l l e c t e d  w i t h  

s i m i l a r  or g r e a t e r  e f f i c i e n c y .  S ince  d e t e c t a b l e  amounts of  HF never 

,penetrated t h e  upper r e s p i r a t o r y  t r a c t  i t  was not  p o s s i b l e  t o  

de te rmine  i f  HE' exposure d l t e r e d  t h e  c o l l e c t i o n  e f f i c i e n c y  of t h i s  

r eg ion .  

S i g n i f i c a n t  amounts of f l u o r i d e  could  be r i n s e d  o u t  of the 

upper r e s p i r a t o r y  t r a c t  of exposed r a t s  i n d i c a t i n g  t h a t  HE' had 

d e p o s i t e d  i n  t h a t  s i te .  This  i s  not  a q u a n t i t a t i v e  measure of  the  

f l u o r i d e  p reocn t  i n  t h e  llpper r e s p i r a t o r y  t r a c t ,  i t  mere ly  

3 i n d i c a t e s ,  a s  i n  t h e  case of  r a t s  exposed t o  36 mg F/m t h a t  a t  

l e a s t  22 pg of  f l u o r i d e  was p r e s e n t  i n  t h i s  s i t e .  The r i n s e  

conto incd  no blood a s  1 ~ n q  as no blood was p r e s e n t  i n  t h e  t r a c h e a  



TABLE 59 

CONCENTRATION OF HF IN CHAMBER A I R  AND TRACHEAL 
A I R  OF UPPER RESPIRATORY TRACT (U.R.T. ) EXPOSED RATS 

Q rouP Chamber a i r Tracheal a i r  % removed F l u o r i d e  present  
HF concen t ra t i  on1 HF concent ra t ion2 by U.R.T. i n  U.R.T. rinse1. 

(mg Vm3)  (mg ~ / m ~ )  (vg)  

Cont ro l  - - 
Con t ro l  74 
no a i r  drawn 
through U.R.T. 

Exposed 36 - + 4 (4 )  

Values expressed as mean - + S. E. M. (number o f  animals per  group). HF generated by compressed 
gas technique. 

L i m i t  of de tec t i on  of a i rborne f l u o r i d e  method i s  0.1 mg~/rn3, de tec tab le  concent ra t ions  o f  
f l u o r i d e  were not  detected i n  t h e  t rachea l  a i r  o f  any r a t .  

3 U.R.T. o f  o n l y  two repor ted,  each value given. 

I-' 
CO 
I-' 



when the  endotracheal  tube was i n s e r t e d .  In  the  course  of  the 

experiment very mall amounts of  f l u i d  a r e  sucked i n t o  the  upper 

r e s p i r a t o r y  t r a c t  sampling tube ,  bu t  t h i s -  usua l ly  d i d  not  i n t e r f e r e  

with the  c o l l e c t i o n  process.  Large amounts of  f l u i d  were sucked 

i n t o  the  endotracheal  sampling tube of  r a t s  exposed t o  176 mg 

~ / m ~ .  I n  t w o  r a t s  the sampling tube  became plugged wi th  t h i s  

f l u i d  dur ing  c o l l e c t i o n  of t h e  t h i r d  a i r  sample. This  high 

a i rborne  HE' concentra t ion  may be inducing edema formation and/or 

excess  mucous s e c r e t i o n  i n  t h e  n a s a l  cav i ty .  A s imi la r  e f f e c t ,  

discharge o f  f l u i d  from the e x t e r n a l  na res ,  was observed i n  r a t s  

exposed t o  high concentra t ions  o f  HF i n  t h e  dose-response 

experiment . The upper r e s p i r a t o r y  t r a c t  r i n s i n g  procedure removed 

35 yg of  f l u o r i d e  from these  r a t s  through which on ly  two t r a c h e a l  

a i r  samples were drawn, a s  opposed t o  67 ug i n  the  two r a t s  which 

had four t r a c h e a l  a i r  samples drawn. The m a l l  amount of f l u o r i d e  

r i n s e d  from the  upper r e s p i r a t o r y  t r a c t  of  the  74 mg ~ / m ~  c o n t r o l  

group may have been due t o  d i f f u s i o n  o f  HF i n t o  t h e  nasa l  c a v i t y  

and depos i t ion  i n  t h a t  s i t e  o r  t o  depos i t ion  of  HF on the  e x t e r n a l  

nares.  

The plasma i o n i c  f l u o r i d e  concen t ra t ions  i n  upper r e s p i r a t o r y  

t r a c t  exposed r a t s  a r e  shown i n  Figure  26. A s  can be seen a 

dose-dependent inc rease  i n  plasma f l u o r i d e  concen t ra t ion  occurred 

i n d i c a t i n g  a cause and e f f e c t  r e l a t i o n s h i p .  The plasma i o n i c  

f l u o r i d e  concentra t ion  i n  r a t s  exposed t o  room a i r  (group C) was 

0.11 2 .002 ( 4 )  pg/ml 1 mean 2 SEM (n)  I . In  r a t s  whose heads were 

placed i n  the  HF chamber but  through which no a i r  was drawn 



FIGURE 26 

Plasma ionic fluoride concentration of upper respiratory tract 

exposed rats versus airborne HE' exposure concentration. Each 

point represents a single rat. Mean plasma ionic fluoride 

concentrations of rats exposed to room air (C) and rats placed in 

HF atmosphere but which had no air drawn through the upper 

respiratory tract (N) are shown. 
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(group N )  t h e  plasma i o n i c  f l u o r i d e  concen t ra t ion  was 0.11 + 0.002 

( 3 )  pg/ml Imean + SEM ( n ) l .  Comparison of  these  f l u o r i d e  l e v e l s  

i n d i c a t e s  t h a t  t h e  e l eva ted  f l u o r i d e  concen t ra t ion  i n  upper 

r e s p i r a t o r y  t r a c t  exposed r a t s  can on ly  be due t o  HF which was 

drawn through t h e  upper r e s p i r a t o r y  t r a c t .  To ta l  f l u o r i d e  

concen t ra t ion  was not determined on plasma samples from upper 

r e s p i r a t o r y  t r a c t  exposed r a t s .  

I n  Table 60, the  a i rborne  f l u o r i d e  drawn through the  upper 

r e s p i r a t o r y  t r a c t  and t h e  es t imated  systemic body burden of 

f l u o r i d e  are compared. Since both the  flow r a t e  of a i r  drawn i n t o  

t h e  t rachea  and t h e  a i rborne  HE' concent ra t ion  a r e  known, t h e  

f l u o r i d e  dose can be reasonably es t imated .  To es t ima te  the  

systemic body burden of  f l u o r i d e  it was assumed t h a t  t h e  body 

contained 60% water and t h a t  the  average i o n i c  f l u o r i d e  

concentra t ion  i n  body water was one-half t h a t  i n  plasma. It has 

been es t imated  t h a t  i n t r a c e l l u l a r  f l u o r i d e  concen t ra t ions  average 

approximately 50% of t h a t  i n  plasma (Wallace-Durbin, 1954; Carlson 

e t  a l . ,  1 9 6 0 ~ ) .  Deposi t ion i n  bone was ignored even though -- 
s i y n i r i c a n t  amoune of skeletal f l u o r i d e  deposi t ion  could have 

occurred during the  t i m e  course of  t h i s  experiment (Wallace-Durbin, 

1954) . Even with t h e s e  conservat ive  assumptions it is es t imated  

t h a t  approximately 20% of  the f l u o r i d e  drawn through the  upper 

r e s p i r a t o r y  t r a c t  is absorbed i n t o  t h e  body i n  the  36 minutes of 

the  experiment. Thus absorpt ion  of HF from the  upper r e s p i r a t o r y  

t r a c t  appears t o  be f a i r l y  rapid .  . 



TABLE 60 

COMPARISON OF FLUORIDE DRAWN THROUGH UPPER RESPIRATORY 
TRACT (u.R.T.) AND ESTIMATED ABSORBED FLUORIDE BURDEN AT END OF  EXPOSURE^ 

Chamber a i r  F l u o r i  j e  drawn , Plasma i o n i c  Body w t .  Absorbed Absorbed 
HF concent ra t ion  through u . R . T . ~  F- concent ra t ion  f l u o r i d e 3  f l u o r i d e 4  

(mg F/m3 ) ( ~3 ) ( ~ g / m l )  (9 )  (cis) ( % )  

Cont ro l  - - 0.11 

1 Mean value f o r  each group i s  given. HF generated by compressed gas technique. 

2 Four 5 min. 0.14 1/min a i r  samples drawn through U.R.T. 

Absorbed f l u o r i d e  c a l c u l a t e d  assuming body water comprises 60% o f  t he  body weight and t h e  
mean body water f l u o r i d e  concent ra t ion  equals one-half  t h a t  i n  plasma. (Plasma values o f  
exposed r a t s  co r rec ted  f o r  c o n t r o l  l e v e l  p r i o r  t o  c a l c u l a t i o n ) .  

4 Expressed as % o f  f l u o r i d e  drawn through U.R.T. 



F. HF Retention i n  Fluor ide  Depleted Rats  

I n  t h i s  f i n a l  experiment anaes the t i zed  f l u o r i d e  deple ted  male 

Long Evans r a t s  obtained from Blue Spruce Farms were exposed t o  HF 

i n  t h e  nose-only exposure u n i t  f o r  1 hour and were s a c r i f i c e d  1, 7, 

12, 24 o r  96 hours a f t e r  the  s t a r t  of exposure. A l l  r a t s  were 

s a c r i f i c e d  1 5  days af ter t h e  placement on t h e  l o w  F d i e t a r y  

regimen. Thus, r a t s  were exposed a t  ~ r i o u s  times from 11 t o  15  

days a f t e r  i n i t i a t i o n  of t h i s  d i e t a r y  regimen. This  s a c r i f i c e  

protocol  was used because the  d i e t a r y  f l u o r i d e  s t a t u s  had no e f f e c t  

on t h e  metabolism of f l u o r i d e  a f t e r  an acu te  dose, whi le  t h e  s o f t  

t i s s u e  f l u o r i d e  concentra t ions  were dependent on the  l e n g t h  of  t i m e  

on t h e  low F d i e t  regimen. 

Rats  were exposed t o  H F  i n  groups of 3 o r  4. The a i rborne  

f luor ide  concen t ra t ions  f o r  each exposure group a r e  given i n  Table 

61. Both t i m e  weighted average f l u o r i d e  concen t ra t ion  and the  

mean 5 s tandard  dev ia t ion  of t h e  7 a i r b o r n e  f l u o r i d e  measurements 

made during each exposure a r e  given. Ekposure concentra t ions  

ranged from 57-68 mg ~ / m ~ .  No mean exposure concentra t ion  was 

s t a t i s t i c a l l y  d i f f e r e n t  f r m  any o the r .  The chamber r e l a t i v e  

humidity was measured p r io r  to each exposure and ranged between 13  

and 26%. Ekpos ure chamber temperature averaged 25O~.  The mean 

u r ina ry  f l u o r i d e  e x c r e t i o n  dur ing t h e  0-7 hour experimental  pe r iod  

was determined i n  all groups of r a t s  s a c r i f i c e d  a t  7 hour or  longer 

times and is given i n  t h i s '  t a b l e  a s  a  measure of the  b i o l o g i c  

response t o  HI?. A s  can be seen,  t h e  s l i g h t  dev ia t ions  i n  HF 



TABLE 61 

EXPOSURE CONDITIONS FOR FLUORIDE DEPLETED RAT 
HF RETENTION EXPERIMENT 

S a c r i f i c e  t ime A i rborne F l u o r i d e  concent ra t ion  R e l a t i v e  U r i n a r y  I o n i c  F-1. 
(T.M.A.) (Mean + Std. Dev.) - humid i ty  e x c r e t i o n  du r ing  

Cont ro l  

3 1 hour - 
I 8  

11 

I 1  

7 hour 

12 hour 

24 hour 

96 hour 

0-7 hour per  i o d I  
( ~ 9 )  

Values expressed as mean, S.E.M. HF generated by compressed gas techniques. 

2 Rats s a c r i f i c e d  a t  1 hour were exposed i n d i v i d u a l l y .  



exposure concentration were of no significance biologically as 

measured by t h i s  parameter. 

The wlmonary effects  of nose-only exposure to  57-68 m$ F/m 3 

HE' for 1 hour are given in  Table 62. The lung weight to body 

we'ight ra t io  was not significantly different  from control levels  i n  

exposed ra t s  sacrificed a t  any time. Two control exposures were 

performed i n  th i s  experiment. Both groups of ra ts  were 

anesthetized and exposed t o  rocan a i r  in a similar nose-only 

exposure unit; one group of rats  was sacrificed a t  7 hours, the 

other a t  48 hours. One control r a t  was sacrificed af t e r  1 hour of 

anaesthesia. Blood was the only tissue sampled from this  ra t .  The 

data on pulmonary effects  were similar in a l l  control animals and 

were, therefore, pooled t o  give one control group. The lung wet 

weight to dry weight ra t ios  i n  HF exposed ra t s  sacrificed a t  1 hour 

and a t  24 hours were s t a t i s t i c a l l y  higher than in  the control 

group. However, the increase was a t  best minimal, and the lung wet 

weight to  dry weight ra t io  i n  these ra t s  was no higher than 

observed i n  other control groups, viz. control r a t s  sacrificed on 

days 4 or 1-4 i n  the whole body HF retention experiment and control 

ra t s  sacrificed a t  1 and 7 hours in  the infusion experiment. The 

respiratory frequency was determined during exposure i n  a l l  groups 

of rats .  T h i s  frequency was significantly lower than control 

levels  in  4 of the 5 exposed groups. When the data from every 

exposed animal are treated as one group a respiratory frequency of 

58.4 - + 2 .4  (18)  [mean 2 SEM (n)] is obtained. This mean frequency 



TABLE 62 

PULMONARY EFFECTS OF 1 HOUR NOSE-ONLY EXPOSURE TO 
APPROXIMATELY 63 mg ~ / m 3  H F ~  

Lung 
Wet W t .  Resp i ra t i ons  

S a c r i f i c e  t ime Body W t .  Body W t .  Dry W t .  ( b r e a t h s h i n .  ) 
(9 )  !g/kg 

1 hour 303 4.51 4.80a 67 
11 .13 .06 4 

( 4  1 (4)  ( 4  ( 4 )  

7 hour 31 3 4.17 4.66 61a 
4 .11 .04 3 

(4 )  (4)  (4 )  (4 ) 

12 hour 318 4.56 4.67 53b 
4 .47 .02 3 

( 3 )  (3 ( 3  (3 

24 hour 31 3 4.13 4.75b 5 5 

96 hour 2 98 3.87 4.75 5 4 
13 .16 .06 7 

(4 )  (4 )  (4 )  (4 )  

Cont ro l  31 5 4.06 4.65 7 9 
7 .17 .02 6 

(7)  (7 1 ( 7  (7 ) 

1 Values expressed as mean, S. E.M. (number o f  animals per group). HF 
generated by compressed gas technique. Exposure s t a r t e d  a t  t ime  0. 
A l l  r a t s  s a c r i f i c e d  on 15 th  day o f  f l u o r i d e  dep le t ion .  

a p<0.05 compared t o  c o n t r o l .  

b p<0.01 compared t o  c o n t r o l .  



is s i g n i f i c a n t l y  l e s s  than the  c o n t r o l  frequency of  79 + 6 

(p<0.01) suggest ing t h a t  HE' is a sensory  i r r i t a n t  ( A l a r i e ,  1973).  

The r e n a l  e f f e c t s  of nose-only exposure t o  approximately 63 mg 

3 F/m HE' for  1 hour are given i n  Table 63. The kidney weight t o  

body weight r a t i o  was s imi la r  i n  a l l  c o n t r o l  and exposed groups. 

The BUN i n  c o n t r o l s  s a c r i f i c e d  a t  7 hours, and 48 hours were 

s i g n i f i c a n t l y  d i f f e r e n t  suggest ing some e f f e c t  of pentobar b i t a l  

anaes thes ia  or  c o n t r o l  exposure on t h i s  par m e t e r .  A t  no s a c r i f i c e  

time following HF exposure was BUN e leva ted  over c o n t r o l  l e v e l s .  

S i m i l a r l y ,  u r i n e  s p e c i f i c  g r a v i t y  was unaffected by HF exposure. 

HE' exposure may have induced some changes i n  ur ine  volume. Control  

r a t s  excreted a mean of 10.4 m l  u r ine  during the  0-24 hour per iod 

and 1 4  m l  during t h e  24-48 hour period.  The mean volumes of u r ine  

excre ted  by exposed r a t s  during 24-48, 48-22, o r  72-97 hours were 

10.5, 9.3 and 10.4 ml, respec t ive ly .  While t h e s e  mean volumes were 

s i g n i f i c a n t l y  l e s s  than 1 4  m l  excre ted  by c o n t r o l  r a t s  from 24-48 

hours they were not  d i f f e r e n t  £ram t h e  mean volume of 10.4 ml 

excre ted  by the  c o n t r o l  r a t s  during t h e  0-24 hour period.  The 

ur ine  volumes were a l s o  no d i f f e r e n t  £ran t h e  mean l e v e l s  excre ted  

by r a t s  i n  the  f l u o r i d e  dep le t ion  experiment. Thus, t h e  volumes of 

ur ine  excre ted  24-48, 48-72 and 72-96 hours a f t e r  t h e  s t a r t  of  HF 

exposure a r e  i n  the  normal range f o r  con t ro l  r a t s .  The volume of 

ur ine  excre ted  by exposed r a t s  dur ing t h e  0-7 hour per iod averaged 

174% of the 1.9 m l  excreted by c o n t r o l  r a t s  during t h e  per iod,  but  

groups were not s t a t i s  t i c a l l y  d i f f e r e n t .  One exposed r a t  excre ted  

12 m l  of ur ine  during t h i s  period.  I t  is not c l e a r  whether t h i s  



TABLE 63 

RENAL EFFECTS OF 1 HOUR NOSE-ONLY EXPOSURE TO APPROXIMATELY 
63 mg ~ / m 3  H F ~  * Kidney W t .  U r i n e  U r i n e  

Body W t .  BUN Volume Sp. g r .  
p e r i  od (g/kg) (mg%> (ml> 

Cont ro l  

7-24 hour 

24-48 hour 

HF Exposed 

0 -1  hour 

0-7 hour 

7-12 hour- 

7- 24 hour 



TABLE 63 ( c o n t i  nued) 

RENAL EFFECTS OF 1 HOUR NOSE-ONLY EXPOSURE TO APPROXIMATELY 
63 mg ~ / m 3  H F ~  

P '  Kidney W t .  U r i n e  
Co e c t i o n  Body W t .  BUN Volume 

p e r i  od (g/kg)  (mg%) (ml)  

24-48 hour 

48-72 hour 

72-96 hour 

U r i n e  
Sp. g r .  

1 Values expressed as mean, S.E.M., (number o f  animals per  group). 
HF generated by compressed gas technique. Exposure s t a r t e d  a t  
t i m e  0. A l l  r a t s  s a c r i f i c e d  on 15th day o f  f l u o r i d e  dep le t i on .  

Per iod  o f  u r i n e  c o l l e c t i o n .  Ur ines  were c o l l e c t e d  f rom each r a t  
d u r i n g  every p e r i o d  u n t i l  t ime  o f  s a c r i f i c e .  When r a t s  were 
s a c r i f i c e d  a t  the  end o f  a c o l l e c t i o n  p e r i o d  t h e  k idney  weight  t o  
body weight r a t i o  and BUN are given. 



abnormally high value is due t o  f l u o r i d e  t o x i c i t y  o r  not .  I f  t h i s  

va lue  is ignored  t h e  mean u r i n e  volume of exposed r a t s  d u r i n g  t h i s  

p e r i o d  was 2.6 + 0.2 (13) Imean + SEM (n)] ; a va lue  s i g n i f i c a n t l y  

h igher  than  c o n t r o l  l e v e l s  (p<0.05).  Th i s  HF exposure regimen, 

t h e r e f o r e ,  may have induced s l i g h t  r e n a l  damage. 

The measured f l u o r i d e  c o n c e n t r a t i o n s  i n  s o f t  t i s s u e s  of 

f l u o r i d e  d e p l e t e d  r a t s  a f  ter nose-only exposure  t o  HF a r e  g iven  i n  

Tab le  64. The i o n i c  f l u o r i d e  c o n c e n t r a t i o n  i n  plasma o f  t h e s e  

c o n t r o l  r a t s  w a s  h ighe r  t h a n  i n  c o n t r o l  r a t s  s a c r i f i c e d  on day 1 5  

i n  t h e  f l u o r i d e  d e p l e t i o n  experiment .  Th i s  v a r i a t i o n  i n  f l u o r i d e  

c o n c e n t r a t i o n s  s u g g e s t s  t h a t  unknown f a c t o r s ,  perhaps  f l u o r i d e  

i n t a k e  p r i o r  t o  law F f eed ing ,  may a f f e c t  t h e  plasma f l u o r i d e  

c o n c e n t r a t i o n  a f t e r  1 5  days on  t h e  low F regimen. The c o n s i s t e n c y  

of the  r e s u l t s  w i t h i n  t h i s  experiment ,  however, s u g g e s t  t h a t  w i t h i n  

experiments  t h e  c o n t r o l  or  b a s e l i n e  f l u o r i d e  c o n c e n t r a t i o n s  a r e  

cons t a n t  . 
T o t a l  and i o n i c  f l u o r i d e  c o n c e n t r a t i o n  i n  l u n g ,  plasma &d 

kidney were s i g n i f i c a n t l y  h igher  t han  c o n t r o l  l e v e l s  i n  r a t s  

s a c r i f i c e d  immediately a f t e r  HF exposure (1 hour g roup) .  The i o n i c  

f l u o r i d e  c o n c e n t r a t i o n  i n  l ung  c o r r e c t e d  f o r  c o n t r o l  l e v e l s  

averaged 55% o f  that i n  plasma . Thi s  ra t io  af  ter cont inuous  

in t r avenous  i n f u s i o n  of 10.8 mg F/min was 38%. Thus, most ,  i f  n o t  

a l l  of the i.nnic f l u o r i d e  p rcoen t  i n  t h e  l m y s  of rats exposed t o  

HE' v i a  t h e  nose-only r o u t e  can be exp la ined  on t h e  b a s i s  of 

t r a n s p o r t  of i o n i c  f l u o r i d e  i n  t h e  plasma. There is l i t t l e  



TABLE 64 

MEASURED FLUORIDE CONCENTRATIONS I N  SOFT TISSUES OF RATS 
AFTER NOSE-ONLY EXPOSURE TO APPROXIMATELY 

63 mg ~ / m 3  HF FOR 1 HOURI 

Lung P l  asma K i  dney Trachea 
S a c r i f i c e  (vg/g) (vg/ml) (vg/g) (W/g )  

t ime To ta l  I o n i c  To ta l  I o n i c  To ta l  I o n i c  To ta l  

HF Exposed 

1 hour 1.3b 0.19b 0.59b 0.26b 1.9b 0.44 3. 
.1 .02 .10 .03 .2 .08 1. 

(4)  (4  (4 (4) ! 4 (4 (41 

7 hour 0.6 0.08 0.14 0.089b 0.8 0.13'3 8. 
.1 . 00 .01 .010 .1 . O 1  2. 

(4 )  (4  1, (4)  (4)  ( 4  (4)  (4 

12 hour 0.4 0.03a 0.09a 0.066b 0.3 0.06 10. 
.1 .01 .01 .006 .O .01 0. 

(3)  (3 (3)  (3)  (3 (3)  (3)  

24 hour 0.4 0.04a .08a 0.058a 0.3 0.06 17. 
.1 . 00 . O 1  .006 .O . 00 1. 

(3 )  (3)  (3)  (3) (3 (3) (3) 

96 hour 0.2b 0.06 0.06b 0.038 0.2 0.08 15. 
.O . 00 .01 .004 .1 .01 2. 

- ( 4 )  (4)  (4 (4  ( 3 )  (4) (4  

Contro l  0.7 0.07 0.15 0.037 0.5 0.05 10. 

1 Values expressedasmean, S.E.M., (number o f  an ima lsper  
group). HF generated by compressed gas technique. Exposure 
s t a r t e d  a t  t ime 0. A l l  r a t s  sac r i f i ced  on 1 5 t h  day o f  f l u o r i d e  
depl e t i  on. 

a p<0.05 compared t o  con t ro l .  

b p<0.01 compared t o  con t ro l .  



evidence t h a t  any excess f l u o r i d e  reached the  lungs of these  r a t s  

v i a  t h e  airways,  i . e .  t h a t  a i rborne  HF pene t ra ted  t o  t h e  lung. 

The t o t a l  and i o n i c  lung f l u o r i d e  concen t ra t ions  i n  the  lungs  

of r a t s  s a c r i f i c e d  a t  7 hours o r  l a t e r  were not higher than c o n t r o l  

l e v e l s .  Thus, no long term r e t e n t i o n  of  f l u o r i d e  i n  the  lungs of 

nose-only exposed r a t s  was detec ted .  S i m i l a r l y ,  no long term 

r e t e n t i o n  of  f l u o r i d e  i n  the  kidneys of these  r a t s  was de tec ted ,  

kidney f l u o r i d e  concentra t ions  having re tu rned  to c o n t r o l  l e v e l s  by 

12 hours. Plasma i o n i c  f luor . ide  concentra t ions  decreased wi th  

succeeding s a c r  i f i c e  times. Plasma i o n i c  f l u o r i d e  concen t ra t ions  

were s i g n i f i c a n t l y  higher than c o n t r o l  l e v e l s  i n  r a t s  s a c r i f i c e d  a t  

24 hours, but no t  i n  r a t s  s a c r i f i c e d  a t  96 hours. 

The t o t a l  f l u o r i d e  concentra t ion  i n  t r achea  increased wi th  time 

a f t e r  HF exposure. Mean t r a c h e a l  f l u o r i d e  concen t ra t ion  was 

a c t u a l l y  l e s s  than c o n t r o l  l e v e l s  i n  r a t s  s a c r i f i c e d  immediately 

a f t e r  HE' exposure i n d i c a t i n g  t h a t  t h e  inc reased  f l u o r i d e  

concentra t ions  i n  t h i s  t i s s u e  fo l luwing exposure were not  due t o  

a i r b o r n e  HF which deposi ted  a t  t h i s  site. The mechanism (s) 

in f luenc ing  t r a c h e a l  f l u o r i d e  concentra t ions  a r e  unclear .  

AF concentra t ions  i n  s o f t  t i s s u e s  of r a t s  fol lowing nose-only 

HF exposure were v a r i a b l e  and i n  sane cases  l e s s  than c o n t r o l  

l e v e l s  (Table 65) . The concentra t ion  of  AF i n  lung,  plasma and 

kidney o f  exposed r a t s  was s i g n i f i c a n t l y  higher than c o n t r o l  l e v e l s  

immediately fol lowing exposure, b u t  was not  e levated  a t  any o t h e r  

s a c r i f i c e  time. 



TABLE 65 

AF CONCENTRATIONS I N  SOFT TISSUES OF RATS AFTER NOSE-ONLY 
EXPOSURE TO APPROXIMATELY 63 mg ~ / m 3  HF FOR 1 HOURI 

Lung P 1 asma K i  dney 
S a c r i f i c e  (vg/g) ( ~ g / m l )  (vg/g) 

t ime  Tot a1 AF To ta l  AF To ta l  AF 

HF Exposed 

1 hour 1.3 l . l b  0.59 0.32b 1.9 1.5b 
.1 .1 .10 .08 .2 .3 

(4)  (4) (4)  (4)  (4) (4)  

7 hour 0.6 0.5 0.14 0.06a 0.8 0.7a 
.1 .1 .01 .O1 .1 .1 

(4)  (4)  (4)  (4)  (4)  (4)  

12 hour 0.4 0.4 0.09 0 . 0 3 ~  0.3 0.2 
.1 .1 .01 . 00 .o .o 

(3)  (3)  (3)  (3)  (3)  ( 3 )  

24 hour 0.4 0.4 0.08 0.03b 0.3 0.2 
.1 .1 . O 1  . 00 .o .O 

(3)  (3) (3) (3) (3)  ( 3 )  

96 hour 0.4 0.4 0.08 0.03b 0.3 0.2 
.1 .1 .01 . 00 .O .O 

(3)  (3)  (3)  (3)  (3)  (3)  

Contro l  0.7 0.6 0.15 0.11 0.5 0.3 
.1 .1 .02 .02 .1 .1 

(7)  (7 )  (8 )  (8 )  (7)  (7)  

1 Values expressed as mean, S. E.M., (number o f  animals per group). 
HF generated by compressed gas technique. Exposure s t a r t ed  a t  
t ime 0. A l l  r a t s  s a c r i f i c e d  on 1 5 t h  day of f l u o r i d e  deplet ion.  

a p<0.05 compared t o  con t ro l .  

b p<0.01 compared t o  con t ro l .  



Exposure t o  HF r e s u l t e d  i n  a  prompt inc rease  and then decrease  

i n  u r ina ry  f l u o r i d e  e x c r e t i o n  (Table 6 6 ) .  S ince  a l l  r a t s  were 

s a c r i f i c e d  dur ing the  15 th  day on the  low F regimen, t h e  u r i n a r y  

f l u o r i d e  e x c r e t i o n  i n  exposed r a t s  from 48-72 hours should be 

compared with the  c o n t r o l  value from 0-24 hours,  both groups having 

been on t h e  low F regimen f o r  14 days. S i m i l a r l y ,  t h e  c o n t r o l  

va lues  f o r  24-48 hours and the  exposed values  f o r  72-96 hours a r e  

from r a t s  which had been maintained o r  t h e  low F regimen f o r  1 5  

days. This confusing s i t u a t i o n  is due t o  an e r r o r .  The wrong 

group of  f l u o r i d e  deple ted  r a t s  was sub jec ted  t o  t h e  c o n t r o l  

exposure and had t o  be s a c r i f i c e d  a t  48 hours i n s t e a d  of  a t  96 

hours a s  o r i g i n a l l y  intended. The u r i n a r y  f l u o r i d e  e x c r e t i o n  48-72 

and 72-96 hours a f t e r  the  s t a r t  of  the  1 hour nose-only HF exposure 

was not  higher than c o n t r o l  l e v e l s .  The bladder u r i n e  i n  r a t s  

s a c r i f i c e d  immediately fol lowing HF exposure contained an average 

o f  7.3 pg o f  f l u o r i d e .  A c o n t r o l  amount of  approximately 1 yg 

can be est imated (1/7th of the  0-7 hour c o n t r o l  va lue ,  1/24th of 

the  0-24 o r  24-48 hour v a l u e ) ,  sugges t ing  an excess of 6.3 pg 

f l u o r i d e  i n  HE' exposed r a t s .  This  va lue  is approximately 2% of t h e  

es t imated  inhaled  f l u o r i d e  dose of 378 yg f l u o r i d e .  The inhaled  

f l u o r i d e  dose was es t imated  assuming a v e n t i l a t i o n  r a t e  of  0.1 

l/min for the  anaes thes ized t a t  and an a i rborne  concen t ra t ion  of  63 

3 mg F/m . Fluor ide  exc re t ion  by exposed r a t s  was 16-fold higher 

during t h e  0-7 hour per iod  than i n  c o n t r o l  r a t s .  The r a t s  

s a c r i f i c e d  a t  12 hours excre ted  a mean of  78 pg dur ing  the  0-7 

hour per iod  (Table 61) .  An addiLiwia1 20 yy f l u o r i d e  was 



TABLE 66 

C 01 il e c t  i on 
p 2 r i o d  

0-1 hour 

O-? hour 

0-24 hour 

24J8 hcur 

48-72 hcur 

72-56 hour 

URINARY IONIC FLUORIDE EXCRETION, FECAL TOTAL FLUORIDE CONCENTRATION 
ANC FEMORAL FLUORIDE CONTENT FOLLOWING NOSE-ONLY EXPOSURE TO 

63 mg ~ / m 3  HF FOR 1 HOURI 

U r i n a r y  I o n i c  F- Fecal To ta l  F Femoral T o t a l  ~3 
(vg /per i  od) (PSI  g (vg 

Exposed Cont ro l  Exposed Cont ro l  Exposed Cont ro l  



TABLE 66 (Footnotes) 

URINARY IONIC FLUORIDE EXCRETION, FECAL TOTAL FLUORIDE CONCENTRATION 
AN FEMORAL. FLUORIDE CONTENT FOLLOWING NOSE-ONLY EXPOSURE TO 

63 mg ~ / m 3  HF FOR 1  HOUR^ 
1 Values expressed as mean, S.E.M., (number o f  animals per group). HF 

atmospheres generated by compressed gas technique. Exposure s t a r t e d  a t  
t i m e  0. A l l  r a t s  were s a c r i f i c e d  on the  15% day o f  f l u o r i d e  dep le t ion .  

2 Th i s  i s  the  valu; f o r  t he  e n t i r e  group. Feces were c o l l e c t e d  f rom 0-24 
and 24-48 hours i n  c o n t r o l  r a t s .  

3 F l u o r i d e  content  was determined on the  femurs o f  r a t s  s a c r i f i c e d  a t  t he  
end o f  t h e  c o l l e c t i o n  periods. 

b pc0.01 compared l o  con t ro l .  



excre ted  during the  7-12 hour period.  u r i n a r y  f l u o r i d e  e x c r e t i o n  

during t h e  0-24 hour and 24-48 hour per iod  was s i g n i f i c a n t l y  

e l eva ted  by HE' exposure. Ekposed r a t s  excre ted  a mean of 12 pg 

more f l u o r i d e  dur ing  t h e  24-48 hour per iod  than c o n t r o l  r a t s  dur ing  

the 0-24 hour per iod .  Some of t h i s  d i f f e r e n c e  may have been due to 

t h e  f a c t  t h a t  t h i s  time per iod  occurred on t h e  13 th  day of f l u o r i d e  

dep le t ion  i n  exposed r a t s  compared t o  the  14 th  day f o r  c o n t r o l  

r a t s .  Thus, the  12 pg represen t s  a  maximal value f o r  the  excess  

f l u o r i d e  exc re t ion  dur ing the  24-48 hour per iod .  

The excess u r i n a r y  f l u o r i d e  exc re t ion  i n  HF exposed r a t s  

averaged 176 pg. Divis ion  of t h i s  value by 22% r e s u l t s  i n  an 

es t imated  absorbed f l u o r i d e  dose of 800 pg. A s  previous ly  

d iscussed t h e  es t imated  amount of f l u o r i d e  inhaled  dur ing t h e  

exposure was 378 pg. Thus, even nose-only exposed r a t s  appear t o  

have a source of f l u o r i d e  o ther  than i n h a l a t i o n .  The magnitude of 

t h i s  source appears,  however, t o  be much less than i n  whole body 

exposed r a t s .  A s  w i l l  be shown below nose-only exposure t o  HF 

r e s u l t e d  i n  the  depos i t ion  of  l a r g e  amounts o f  f l u o r i d e  on t h e  f u r  

surrounding the  nose. 

The f e c a l  t o t a l  f l u o r i d e  concentra t ion  was s i g n i f i c a n t l y  

e l eva ted  by exposure t o  HE' (Table 66) . The mean f l u o r i d e  

concentra t ion  in f e c e s  of exposed r a t s  excre ted  dur ing the  72-96 

kkour per iod was higher than c o n t r o l  l e v e l s  but  not  s i g n i f i c a n t l y  so. 

The femoral f l u o r i d e  content  i n  t h e  7 c o n t r o l  r a t s  averaged 124 

+ 8 pg (mean 2 SEM) (Table 66) . The f l u o r i d e  con ten t  of  femurs - 
from exposed rats tended to be higher than t h i s  c o n t r o l  amount but  



not significantly so. The femoral fluoride i n  exposed ra t s  

sacrificed a t  12 hours or la ter  averaged 136 + 6 yg (mean + SEM). 

Urine samples for each collection period were pooled by 

exposure group and ashed for determination of to ta l  fluoride 

concentration. AF appeared to be present in the urine of control 

ra t s  (Table 67). AF also appeared to be present i n  urine of 

exposed ra t s ,  but  not in higher concentrations than in control 

urine. 

The upper respiratory t rac t  of nose-only exposed ra ts  was 

rinsed three times with 4 ml of double d i s t i l l ed  water. 

Approximately 1000-fold more fluoride was removed from the upper 

respiratory t rac t  of ra t s  immediately after  exposure t o  HE' than 

from control ra ts  (Table 68). The only procedures performed on the 

3 ra t s  exposed to  73-79 mg F/m and sacrificed a t  1 and 7 hours 

were the upper respiratory t rac t  rinse procedure, and wiping and 

removal of the pel t  around the nose. A l l  other data reported for 

these sacr i f ice  times were obtained from ra t s  exposed to 57-68 mg 

~ / m ~  HF. The s l ight  difference in  exposure concentrations 

between these groups of ra t s  is assumed to be of no significance. 

Successive rinses of the upper respiratory t r ac t  d i d  not remove 

lesser amounts of fluoride indicating that  rinsing is not a 

quantitative extraction procedure. Fluoride in  excess of control 

levels were removed from the upper respiratory t rac t  of HE' exposed 

animals sacrificed as l a t e  as 24 hours suggesting that  clearance of 

fluoride from t h i s  s i t e  was not complete by t h i s  time. 



TABLE 67 

AF CONCENTRATION I N  URINE OF RATS AFTER 
NOSE-ONLY EXPOSURE TO APPROXIMATELY 

63 mg ~ / m 3  HF FOR 1 HOURI 

Urina ry  fl uor i  de concent ra t ion 
Co l l  e c t i  on ( ~ g / m l )  

per i od Tot a1 I o n i c  AF 

HF Exposed 

Contro l  

1 Urines were pooled by exposure group. The concent ra t ion measured 
i n  each. pool i s  given. Concentrat ion not  cor rec ted f o r  cage wash 
water. HF generated by compressed gased technique. Exposure 
s t a r t ed  a t  t ime 0. A l l  r a t s  s a c r i f i c e d  on the  1 5 t h  day o f  
f l u o r i d e  deplet ion. 



TABLE 68 

Airborne HF 

Contro l  
Contro l  
Control 
Contro l  

FLUORIDE CONCENTRATIONS I N  UPPER RESP IRATORY TRACT 
RINSES OF RATS EXPOSED TO APPROXIMATELY 

63 mg ~ / m 3  HF FOR 1 HOURI 

I o n i c  F- removed per r i nse2  Cumul a t  i ve 
Sac r i f i ce  

t ime @ 2!! 3- r d  I o n i c  F- 
(vg 1 (1-19) (vg) ( ~ 9 )  

1 hr. 14 28 8 
1 hr .  28 6 1 1. 
1 hr. 13 12 10 

7 hr .  0.26 0.21 0.20 
7 hr. .33 .32 .30 
7 hr .  .94 .38 .19 

12 hr.. 0.22 0.30 0.39 
12 hr. .34 .19 .21 
12 hr .  .60 .76 .44 

24 hr .  0.05 0.20 0.15 
24 hr. . .06 .05 .12 
24 hr .  .05 .04 .07 

96 hr .  3.02 0.01 0.01 
96 hr .  .02 .01 .O1 
96 hr .  .O1 .O1 .01 

Total  F 
( ~ 9 )  



TABLE 68 (Footnotes) 

FLUORIDE CONCENTRATIONS IN UPPER RESPIRATORY TRACT 
RINSES OF RATS EXPOSED TO APPROXIMATELY 

63 mg ~ / m 3  HF FOR 1 HOURI 

1 I n d i v i d u a l  values are repor ted.  HF generated by compressed gas 
technique. Exposure s t a r t e d  a t  t ime  0. A l l  r a t s  s a c r i f i c e d  on 15% 
day of f l u o r i d e  dep le t ion .  

2 Upper r e s p i r a t o r y  t r a c t  subjected t o  3 consecut ive r inses .  

3 The th ree  r i n s e s  from each r a t  were pooled p r i o r  t o  ashing f o r  
de terminat ion  o f  t h e  c ~ r n u l  a t i v e  t o t a l  f l u o r i d e  removed. 

4 The th ree  r i n s e s  from every r a t  per  group were pooled p r i o r  t o  ashing 
f o r  determi n a t i o n  o f  cumulat ive t o t a l  f l u o r i d e  removed. 



Q u a 1  volumes of  each o f  t he  t h r e e  r i n s e s  from each ra t  

s a c r i f i c e d  a t  1, 7 and 1 2  hours  were pooled by r a t  and ashed  f o r  

de t e rmina t ion  o f  t o t a l  f l u o r i d e  c o n t e n t .  The rinses o f  c o n t r o l  

r a t s  and exposed r a t s  s a c r i f i c e d  a t  24 and 96 hours  were pooled by 

group . .  S i g n i f i c a n t  l e v e l s  of  AF were n o t  d e t e c t e d  i n  t h e  upper 

r e s p i r a t o r y  t r a c t  rinses. 

The f u r  cove r ing  t h e  nose  o f  c o n t r o l  and HF exposed r a t s  

s a c r i f i c e d  a t  1, 7 and 1 2  hours  was wiped twice w i t h  t w o  m o i s t  

gauzes ,  t o  de te rmine  how much f l u o r i d e  cou ld  be e a s i l y  removed from 

t h i s  site. S i g n i f i c a n t l y  more f l u o r i d e  could  be removed from t h e  

f u r  of  exposed r a t s  than from that of c o n t r o l s  (Table  6 9 ) .  Af t e r  

wiping,  t h e  p e l t  around t h e  nose was removed and ashed f o r  

de t e rmina t ion  o f  f l u o r i d e  c o n t e n t .  Large amounts of f l u o r i d e  were 

l e f t  behind on t h e  f u r  a f t e r  t h e  wiping procedure.  A t  1 hour 

approximate ly  50% o f  the  f l u o r i d e  i n  t h e  p e l t  cou ld  be removed by 

t h i s  procedure.  Only 14% could  be removed a t  7  hours.  I f  14% of 

t h e  f l u o r i d e  p r e s e n t  on t h e  f u r  a t  12  hours  cou ld  be removed by 

t h i s  wiping procedure  it can be e s t i m a t e d  t h a t  30 pg o f  f l u o r i d e  

was p r e s e n t  on t h e  p e l t  a t  1 2  hours.  Immediately a f t e r  exposure  an 

average  o f  370 pg o f  f l u o r i d e  was p r e s e n t  i n  t h e  p e l t .  Only 80 

pg was p r e s e n t  i n  t h e  p e l t  a t  7  hours  sugges t ing  t h a t  s i g n i f i c a n t  

amounts o f  f l u o r i d e  had been removed du r ing  t h e  1-7 hour 

pos texposure  pe r iod .  I t  is , , i n t e r e s t i n g  to n o t e  t h a t  t h e  sum o f  t h e  

f l u o r i d e  on t h e  f u r  immediately a f t e r  exposure (370 pg )  and t h e  

e s t i m a t e d  amount o f  f l u o r i d e  i n h a l e d  du r ing  t h e  exposure  (378 pg )  



TABLE 69 

Airborne 
HF 

Control 
Control 
Control 

Sac r i f i ce  
ti me 

1 hr. 
1 h r  .. 
1 hr. 

7 h r .  
7 hr. 
7 hr .  

12 hr. 
12 hr .  
12 hr. 

FLUORIDE ON FUR OF RATS AFTER NOSE-ONLY 
EXPOSURE TO APPROXIMATELY 

63 mg ~ / m 3  HF FOR 1 HOURI 

Fluor ide removed by noser/ i ipe2 F luor ide remaining F deposited 
@ 3nd C umul at i ve on f u r  on f u r 3  

I o n i c  I o n i c  I o n i c  To ta l  Tot a1 Tot a1 
h?3 1 (Ps ) ( ~ 9 )  hl) ( ~ 9 )  (P9) 



TABLE 69 (Footnotes) 

FLUORIDE ON FUR OF RATS AFTER NOSE-ONLY 
EXPOSURE TO APPROXIMATELY 

63 mg ~ / m 3  HF FOR 1 HOURI 

1 I n d i v i d u a l  values are repor ted.  HF generated by compressed gas technique. 
Exposures s t a r t e d  a t  t i m e  0. A l l  r a t s  were s a c r i f i c e d  on t h e  15th day 
o f  f 1 u o r i  de depl e t i  on. 

2 The f u r  cover ing  the  nose was wiped t w i c e  w i t h  a wet gauze. The 
cumulat ive i s  t h e  sum o f  t h a t  removed by t h e  two wipes. The two wipes were 
poo l  ed p r i  or  t o  as h i  ng f o r  determi n a t i  on o f  cumul a t  i ve t o t  a1 f 1 u o r i  de 
removed. 

3 Ca lcu la ted  as sum o f  cumulat ive t o t a l  f l u o r i d e  removed by wipe procedure 
and t o t a l  f l u o r i d e  remaining. 

4 Wipes from a l l  c o n t r o l  animals were pooled p r i o r  t o  ashing f o r  
determi n a t i o n  o f  cumul at i 've t o t a l  f l  u o r i  de removed. 



is c l o s e  t o  the  absorbed f l u o r i d e  dose es t imated  from the  u r i n a r y  

f l u o r i d e  exc re t ion  t o  be 800 vg. 

G.  Contro l  Data -- 

I n  the  course  of a l l  the experiments descr ibed i n  t h i s  t h e s i s  

94  c o n t r o l  r a t s  on normal F d i e t  and 11 f l u o r i d e  deple ted  c o n t r o l  

r a t s  were s a c r i f i c e d .  I n  t h i s  s e c t i o n  the  d a t a  from these  c o n t r o l  

animals a r e  compiled t o  determine i f  any t r e n d s  a r e  evident .  

The f l u o r i d e  concentra t ions  i n  s o f t  t i s s u e s  and the  frequency 

of  occurrence of p o s i t i v e ,  negat ive  and zero  AF concen t ra t ions  i n  

these  c o n t r o l  r a t s  a r e  given i n  Table 70. There a r e  more i o n i c  

f l u o r i d e  values than t o t a l  or  AF va lues  because many t i s s u e s  were 

pooled f o r  detemination of  t o t a l  f l u o r i d e  a f t e r  i o n i c  f l u o r i d e  

concentra t ion  had been determined. The c o n t r o l  group f o r  380 mg 

3 F/m pre l iminary  experiment exposure a r e  not  included i n  t h i s  

s e c t i o n  because o f  t h e i r  p r i o r  exposure t o  8.3 mg ~ / m ~  HF f o r  75 

minutes. In  a l l  of  these  t i s s u e s ,  lung, plasma and kidney, t o t a l  

f l u o r i d e  concentra t ion  was s i g n i f i c a n t l y  higher than i o n i c  f l u o r i d e  

concentra t ion  sugges t ing  t h a t  AF was p resen t  i n  c o n t r o l  t i s s u e s .  

I n  a l l  t i s s u e s ,  t h e  l e v e l s  of AF were a t  the  l i m i t  of s e n s i t i v i t y  

of  the a n a l y t i c a l  methods employed. The concen t ra t ion  of  AF was 

apparen t ly  unaffected by f l u o r i d e  dep le t ion ,  however, i n  a l l  cases  

the  l e v e l s  of AP a r e  so  low t h a t  no r e a l  comparisons can be 

made. With the  except ion  of t h e  kidney i n  f l u o r i d e  deple ted  r a t s ,  

the  frequency of  occurrence of p o s i t i v e  AF concen t ra t ions  i n  the  

s o f t  t i s s u e s  of both normal F d i e t  and f l u o r i d e  deple ted  r a t s  was 

much higher than  would be expected on the  basis  of random 



TABLE 70 

Lung Plasma 
( l ls/g) (vg/ml) 

To ta l  I on i c  AF To ta l  I on i c  AF Total  I o n i c  AF 

Normal F d i e t  
3.5 0.06 0.4 0.10 0.045 0.04 0.3 0.09 0.2 
.1 .01 .1 .02 .003 .02 0.1 .01 0.1 

(25 ) (30) (25) (23) (92) (23) (25) (31) (25) 

number o f  samples w i t h  AF>O 23 
AF =O 1 
AFcO 1 

p value ( s i gn  t e s t )  ~(3.01 

F depleted 

number o f  samples w i t h  AF>O 10 
AF=O 0 
AFcO 0 

p value (s ign  t e s t )  c0.01 

11. 
0 
0 

co. 01 

8 
1 
1 

co. 10 

1 Values expressed as mean, S.E.M., (number o f  animals per group). 



a n a l y t i c a l  e r r o r .  No t rend  toward inc reas ing  o r  decreas ing t o t a l  

ion ic ,  o r  AF concentra t ions  was not iced with inc reas ing  body 

weight suggest ing t h a t  f l u o r i d e  does not accumulate i n  these  

t i s s u e s  with age. 

When t o t a l  femoral f l u o r i d e  content  is p l o t t e d  a g a i n s t  body 

weight (Figure 27) a  s t rong c o r r e l a t i o n  is evident  ( r  = 

0.87, df = 39, pC0.01) suggest ing t h a t  f l u o r i d e  accumulates i n  

t h e  skele ton with age. 

AF was not detec ted  i n  pooled u r ine  samples from normal F 

d i e t  c o n t r o l  r a t s  (Table 71).  Not only was the mean AF 

concentra t ion equal  t o  0.0 but equal  numbers of p o s i t i v e  and 

negative AF concentra t ions  were obtained.  S i g n i f i c a n t  l e v e l s  of 

AF were detec ted  i n  the  ur ine  excre ted  by f l u o r i d e  deple ted  r a t s  

during t h e  11th  through 15th  day of f l u o r i d e  deple t ion.  The mean 

AF concentra t ion i n  ur ine  of f l u o r i d e  depleted r a t s  was 

s t a t i s t i c a l l y  higher (p  C0.05) than t h a t  i n  u r ine  of normal F 

d i e t  r a t s .  This  may represent  a  r e a l  d i f fe rence ,  or t h e  lowered 

i o n i c  f l u o r i d e  concentra t ions  i n  the  u r ine  of f l u o r i d e  deple ted  

r a t s  may have merely unmasked the  presence of a  AF f r a c t i o n  which 

was always p resen t  . 



Tota l  femoral f luor ide  content  of c o n t r o l  r a t s  vs body weight. The 

l i n e a r  r eg ress ion  l i n e  is  shown (r = .87,  df = 39, pC.01). 
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TABLE 71 

AF CONCENTRATIONS I N  URINE OF CONTROL RATs~ 

F luo r ide  concent ra t i  on2 Number o f  samples w i t h  
(~lg/mg > AF>O AF=O AFcO 

Tot a1 I o n i c  AF 

Normal 3.3 3.2 0.0 8 1 8 
F d i e t  . 2  .2. .1 

F 1.1 0.78 0.3 9 1 0 
depleted .1 .03 .1 

(101 (101 (10) 

1 Values expressed as mean, S.E.M., (number of animals per group). 

2 Concentrat ion not  corrected f o r  cage wash water. 



DISCUSS ION 

F l u o r i d e  is ub iqu i tous  i n  our  environment. Th i s  halogen is 

the  t h i r t e e n t h  most abundant element on e a r t h .  F luo r ide  has also 

been d e t e c t e d  i n  m e t o r i t e s  (Reed, 1964) and i n  l u n a r  samples (Reed, 

e t  a l . ,  1970) .  Hydrogen f l u o r i d e  is p r e s e n t  i n  t h e  atmosphere of -- 
Venus (Mueller,  1968) .  On e a r t h  f l u o r i d e  is p r e s e n t  i n  s e a  water  

and i n  sma l l  amounts i n  most f r e s h  wa te r .  The average f l u o r i d e  

c o n c e n t r a t i o n  i n  t h e  t a p  water consumed by t h e  r a t s  used i n  t h e s e  

i n v e s t i g a t i o n s  was 1.0 pg/ml. The f l u o r i d e  c o n c e n t r a t i o n  i n  

Pu r ina  r a t  chow ranged between 25 and 35 pg/g. That s i g n i f i c a n t  

amounts of t h i s  d i e t a r y  f l u o r i d e  is absorbed by t h e s e  r a t s  is shown 

by t h e  presence of  f l u o r i d e  i n  s o f t  t i s s u e s ,  s k e l e t o n  and u r ine .  

A l l  f l u o r i d e  c o n c e n t r a t i o n s  i n  t h i s  s t u d y  were determined wi th  t h e  

f l u o r i d e  i o n  s e n s i t i v e  e l e c t r o d e  (F ran t  and Ross,  1966) . 
The voluminous l i t e r a t u r e  concerning t h e  metabolism of t h e  

f l u o r i d e  ion  has been reviewed by Smith (1966) . I n  g e n e r a l  t h i s  

i o n  is thought  t o  be r a p i d l y  absorbed and d i s t r i b u t e d  throughout  

a l l  the t i s s u e s  i n  t he  body a f t e r  i n g e s t i o n .  Absorbed f l u o r i d e  

d e p o s i t s  i n  t h e  s k e l e t o n  and is e x c r e t e d  r a p i d l y  i n  t h e  u r i n e .  

F luo r ide  is  not thought  t o  accumulate i n  any s o f t  t i s s u e ,  excep t  i n  

s i t e s  of e c t o p i c  c a l c i f i c a t i o n  (Er i c s son  and Ul lbe rg ,  1958) .  

I n  t h e  r a t  abso rp t ion  of  f l u o r i d e  through t h e  

g a s t r o i n t e s t i n a l  t r a c t  is q u i t e  r ap id .  Absorpt ion of a  small  dose 

of f l u o r i d e  (200 1-19 F) from t h i s  s i t e  has been r e p o r t e d  t o  be 50% 

complete i n  30 minutes and 86% c m p l e t e  by 90 minutes  (Zipkin  and 



Lipkins ,  1957) .  Large doses  o f  f l u o r i d e  a r e  absorbed e f f i c i e n t l y  a s  

we l l ,  95% a b s o r p t i o n  o f  a  1.0 - 2.0 mg dose o c c u r r i n g  w i t h i n  24 

hours a f t e r  i n t u b a t i o n  (de Lopez, e t  a l . ,  1976) .  

F l u o r i d e  is r e a d i l y  permeable to b i o l o g i c  membranes. I n  an  

v i t r o  experiment ,  f l u o r i d e  ion  added t o  whole blood e q u i l i b r a t e d  

w i t h i n  t h e  red  blood cells w i t h i n  t w o  minutes ,  t h e  t ime p o i n t  o f  t h e  

f i r s t  sample c o l l e c t i o n  (Carlson,  e t  a l . ,  1960a) .  Wi th in  1 5  

minutes ,  aga in  t h e  f i r s t  t ime p o i n t ,  a f t e r  i n t r a v e n o u s  i n j e c t i o n  of  

18 Na F  s o l u t i o n  18F a c t i v i t y  was d e t e c t e d  i n  eve ry  s o f t  t i s s u e  

analyzed (Wallace-Dur b in ,  1954) . 
Once absorbed t h e  f l u o r i d e  ion  r a p i d l y  d e p o s i t s  i n  t h e  

ske l e ton .  Using au to rad iog raph ic  t echn iques  ~ r i c s s o n  and Ul lbe rg  

(1958) demonstrated marked s k e l e t a l  f l u o r i d e  d e p o s i t i o n  i n  t h e  mouse 

2 minutes  a f t e r  i n t r avenous  Na18F i n j e c t i o n .  I n  t h e  r a t  33% o f  an 

in t r avenous  Na18F i n j e c t i o n  was p r e s e n t  i n  t h e  s k e l e t o n  1 5  minutes  

af t e r  i n j e c t i o n  (Wallace-Durbin, 1954) . I n  t h i s  same s tudy  48.5 - 
56% o f  t h e  f l u o r i d e  dose was p r e s e n t  i n  t h e  s k e l e t o n  1-9 hours  a f t e r  

i n j e c t i o n .  I n  t h e  r a b b i t  approximately 65% of  an  in t r avenous  dose 

of Na18F was depos i t ed  i n  t h e  s k e l e t o n  w i t h i n  75 minutes  ( H a l l ,  & 

a 1  1977) .  S e v e r a l  s t u d i e s  have shown t h a t  t h e  f r a c t i o n  of  an  -* 

a c u t e  f l u o r i d e  dose  depos i t ed  i n  t h e  s k e l e t o n  is independent  of  t h e  

dose. I n  t h e  r a t  s i m i l a r  pe rcen tages  of  an in t r avenous  18F dose 

were depos i t ed  i n  t h e  s k e l e t o n  a f t e r  i n j e c t i o n  o f  0.15 pg F or 

1.85 mg F  (Wallace-Durbin, 1954) .  I n  t h e  s t u d i e s  of t h e  k i n e t i c s  of  

f l u o r i d e  metabolism i n  t h e  r a b b i t  H a l l  -- e t  a l .  (1977) t h e  l e v e l s  of 

18F p r e s e n t  i n  t h e  s k e l e t o n  and u r i n e  a f t e r  i n j e c t i o n  of c a r r i e r  



225 
f r e e  18F agreed w e l l  with the  l e v e l s  p red ic ted  from d a t a  obta ined 

a f t e r  i n j e c t i o n  of 0.5 mg/kg F. Er icsson (1966) has shown t h a t  t h e  

f r a c t i o n  of administered f l u o r i d e  deposi ted  i n  the  ' ske le ton  of r a t s  

af  ter a  s i n g l e  acute  dose of  N ~ ' ~ F  was not a f f  ec ted  by the  

previous d i e t a r y  f l u o r i d e  in take .  

Once deposi ted  i n  s k e l e t a l  t i s s u e  f l u o r i d e  i s  removed slowly. 

The ske le tons  of r a t s  s a c r i f i c e d  150 days a f t e r  t h e  end of a  60 day 

feeding s tudy  contained 85% of the  amount of  f l u o r i d e  p resen t  i n  

t h i s  s i t e  immediately a f t e r  t h e  feeding per iod  (Savchuck and 

Armstrong, 1951). Ophaug and Singer (1977) found on ly  15% of  the  

f l u o r i d e  accumulated i n  t h e  ske le ton  of r a t s  during a  feeding 

experiment t o  be removed during a  28 day post-exposure per iod .  

These s t u d i e s  i n d i c a t e  t h a t  a  small  p o r t i o n  of t h e  f l u o r i d e  

deposi ted  i n  the  ske le ton  may be removed r e l a t i v e l y  qu ick ly  a f t e r  a  

reduct ion  i n  f l u o r i d e  in take  but t h e  major f r a c t i o n  of f l u o r i d e  

seques tered  i n  the  ske le ton  remains i n  t h a t  s i te  f o r  long pe r iods  of 

time. Since  f l u o r i d e  depos i t s  r a p i d l y  i n  s k e l e t a l  t i s s u e  and is 

removed slowly,  t h e  halogen should accumulate i n  t h a t  s i t e .  The 

s t rong  c o r r e l a t i o n  of femoral f l u o r i d e  con ten t  and body weight i n  

c o n t r o l  r a t s ,  s a c r i f i c e d  i n  these  s t u d i e s  sugges ts  such an 

accumulation is occurring.  A similar r e l a t i o n s h i p  between bone 

f l u o r i d e  content  and age i n  humans has been repor ted  by Smith 

(1966). I n  t h e  p resen t  s t u d i e s  i n s t e a d  of determining t h e  f l u o r i d e  

con ten t  i n  the  e n t i r e  ske le ton ,  the  femur was used a s  a  

r e p r e s e n t a t i v e  sample. Savchuck and Armstrong (1954) r epor ted  t h e  

femora t o  account for 9.3% of ,  the  r a t  s k e l e t a l  ash  weight and 



c o n t a i n  8.8 - 10.2% o f  t h e  t o t a l  s k e l e t a l  f l u o r i d e  c o n t e n t ,  

i n d i c a t i n g  t h e  a p p r o p r i a t e n e s s  of t h e  femur a s  a  r e p r e s e n t a t i v e  

sample o f  t he  s k e l e t o n .  

I n  a d d i t i o n  t o  d e p o s i t i n g  i n  bone t h e  f l u o r i d e  i o n  is 

e x c r e t e d  i n  t h e  u r ine .  I n  t h e  dog f l u o r i d e  appea r s  t o  f i l t e r e d  i n  

t h e  g l m e r u l u s  and then  p a r t i a l l y  reabsorbed (Car l son ,  e t  al., 

1960b) . F l u o r i d e  r e a b s o r p t i o n  ranged between 23-79% of  t h a t  

f i l t e r e d .  F luo r ide  c l e a r a n c e  was always less than c r e a t i n e  

c l e a r a n c e  bu t  many f o l d  g r e a t e r ,  i n  one c a s e  230 f o l d  g r e a t e r ,  t han  

c h l o r i d e  c l ea rance .  The l a r g e  d i f f e r e n t  between f l u o r i d e  and 

c h l o r i d e  c l e a r a n c e  may s u g g e s t  t h a t  t h e  kidney can d i s c r i m i n a t e  

between t h e s e  t w o  halogens.  

Renal e x c r e t i o n  of  f l u o r i d e  is q u i t e  r a p i d .  I n  t h e  p r e s e n t  

s t u d i e s  6% of t h e  f l u o r i d e  i n f u s e d  i n t r a v e n o u s l y  was p r e s e n t  i n  t h e  

u r i n e  a t  t h e  end o f  t he  1 hour i n £  usion.  I n  a  6  hour p e r i o d  a f t e r  

t h e  end of i n f u s i o n  19% of  t h e  i n f u s e d  dose was e x c r e t e d  i n  t h e  

u r ine .  Af te r  i n t r a p e r  i t o n i e a l  o r  i n t r a t r a c h e a l  i n j e c t i o n  22 2 5% 

(mean - + s t d .  dev .) of t h e  adminis te red  dose was e x c r e t e d  i n  t h e  

u r i n e  o f  r a t s  w i t h i n  24 hours .  E leva t ions  i n  u r i n a r y  f l u o r i d e  

e x c r e t i o n  were no t  d e t e c t e d  24-48 hours  a f t e r  i n j e c t i o n .  I f  5% of 

t h e  i n j e c t e d  dose  were t o  be e x c r e t e d  du r ing  t h i s  p e r i o d ,  i n  a l l  

p r o b a b i l i t y  it would have been de t ec t ed .  I n  human s u b j e c t s  54% and 

48% o f  an inges t ed  f l u o r i d e  dose was e x c r e t e d  i n  t h e  u r i n e  i n  24 

hours (Zipkin and Leone, 1957; Hennon, -- e t  a l . ,  1969) .  H a l l ,  e t  a l .  

(1977) found 20% o f  an in t r avenous  dose of  f l u o r i d e  t o  be e x c r e t e d  

i n  t h e  u r i n e  by t h e  r a b b i t  w i th in  9  hours.  I n  t h e  r a t  10% and 31% of 



intravenously i n j e c t e d  f l u o r i d e  w a s  excre ted '  i n  the  ur ine  15 

minutes and 9  hours respec t ive ly ,  a f t e r  i n j e c t i o n  (Wallace-Durbin, 

1954) . Nine hours a f t e r  the i n j e c t i o n  85-87% of the dose was 

accounted f o r  i n  t h e  ur ine  and sk.eleton. I n  t h e  p r e s e n t  

i n v e s t i g a t i o n s  the f r a c t i o n  of the administered dose excreted i n  

t h e  . u r i n e  was unaffected by rou te  of adminis t ra t ion  (i .p. vs. i .t .) 

or the f l u o r i d e  d i e t a r y  s t a t u s  (normal F  vs. f l u o r i d e  deple ted  

r a t s )  . B e l l ,  -- e t  a l .  (1961) found s i m i l a r  u r ina ry  excre t ion  

p a t t e r n s  a f t e r  acu te  &s ing  wi th  N ~ ' ~ F  i n  cat t le  f e d  d i e t s  

containing 7, 47, or 57- ppm f l u o r i d e  f o r  8  years  p r i o r  t o  

i n j e c t i o n .  These r e s u l t s  a r e  i n  good agreement wi th  those  of 

Ericsson (1966) i n  which t h e  f l u o r i d e  content  of t h e  d i e t  was found 

t o  have no e f f e c t  on the  deposi t ion  of f l u o r i d e  i n  bone a f t e r  a  

s i n g l e  i n j e c t i o n  of  NaF. Wallace-Durbin (1954) found a  s imi la r  

percentage of a  0.15 pg o r  1.85 mg dose of f l u o r i d e  t o  be 

deposited i n  t h e  skele ton and excre ted  i n  t h e  u r i n e  i n  r a t s  by 9 

hours a f t e r  i n j e c t i o n .  

The consis tency of the u r ina ry  f l u o r i d e  excre t ion ,  and the  

independence on dose, previous d i e t a r y  f l u o r i d e  exposure or rou te  

of adminis t ra t ion  suggest  monitoring of u r ina ry  f l u o r i d e  excre t ion  

may provide a  good way of es t imat ing t h e  dose of f luor ide .  I n  

f a c t ,  N. I. 0. S. H. recommends measurement of u r ina ry  f l u o r i d e  l e v e l s  

i n  people occupat ional ly  exposed t o  a i rborne  f l u o r i d e s  a s  a  

b io log ic  measure of f l u o r i d e  exposure (NISQH, 1976) . In  a l l  the 

s tud ies  discussed previously  non-nephrotoxic l e v e l s  of f luor ide  , 

were used t o  i n v e s t i g a t e  the  d i s t r i b u t i o n  and excre t ion  of 

f luor ide .  I t  appears ,  however, t h a t  a  c e r t a i n  degree of r e n a l  



i n j u r y  can occur without  impair ing f l u o r i d e  e x c r e t i o n  by t h i s  

organ. Administrat ion of 0.3 mg/kg uranium ( a s  uranyl  n i t r a t e )  , a  

dose which r e s u l t e d  i n  marked r e n a l  t o x i c i t y  a s  measured by 

p r o t e i n u r i a  and r e n a l  h i s to logy ,  was without  a f f e c t  on t h e  f l u o r i d e  

balance i n  r a b b i t s  maintained on 15 ppm F i n  t h e i r  dr inking water 

(Smith, e t  a l . ,  1955) . The p r e s e n t  i n v e s t i g a t i o n s  a l s o  provide  

some i n d i r e c t  information on t h i s  sub jec t .  I n  t h e  NaF r e t e n t i o n  

experiment r a t s  continued t o  e x c r e t e  f l u o r i d e  a t  a  time when marked 

nephro tox ic i ty  a s  measured by d i u r e s i s  had occurred.  I n  t h a t  

experiment 39% of the  es t imated  f l u o r i d e  dose was exc re ted  i n  t h e  

ur ine .  This  percentage is s i m i l a r  t o  t h a t  repor ted  a f t e r  

admin i s t r a t ion  of non-toxic f l u o r i d e  doses. These r e s u l t s  must be 

i n t e r p r e t e d  c a r e f u l l y ,  however, because t h e  a c t u a l  u r i n a r y  f l u o r i d e  

e x c r e t i o n  and s k e l e t a l  f l u o r i d e  depos i t ion  i n  t h e s e  r a t s  was used 

t o  e s t ima te  the  absorbed f l u o r i d e  dose. C e r t a i n l y  animals with 

severe  r e n a l  i n s u f f i c i e n c y  charac te r i zed  by anur ia  would not be 

capable  of  exc re t ing  f l u o r i d e  by t h i s  route .  

After  a  marked reduct ion  i n  d i e t a r y  f l u o r i d e  con ten t  u r ina ry  

f l u o r i d e  slowly decreases .  Long pe r iods  of time a r e  r equ i red  

before p o s i t i v e  f l u o r i d e  balance is achieved. Presumably t h e  

increased f l u o r i d e  exc re t ion  during t h i s  per iod  is  due t o  

mobi l i za t ion  of s k e l e t a l  f luor ide .  I n  t h e  p resen t  s tudy  r a t s  

consumed approximately 550 pg F/day when maintained on the  normal 

f l u o r i d e  regimen and approximately 13 pg F/day when on the  low 

f l u o r i d e  d i e t a r y  regimen. Urinary f l u o r i d e  exc re t ion  decreased 

from an average of 65 pg I?-/day t o  10 pg F-/day dur ing the  



15  day period on the  low f l u o r i d e  d i e t a r y  regimen. The r a t s  were 

s t i l l  i n  negative f l u o r i d e  balance, i . e .  more f l u o r i d e  was excre ted  

than consumed, a s  l a t e  a s  12 days a f t e r  i n i t i a t o n  of t h i s  low 

f luor ide  d i e t a r y  regimen. I f  u r ina ry  excre t ion  was t h e  only r o u t e  

of removal of f l u o r i d e  i n  these  r a t s ,  then from 2 through 15  days 

a f t e r  t h e  marked reduct ion i n  d i e t a r y  f l u o r i d e  i n t a k e ,  f l u o r i d e  

c learance  from the body o f  these  r a t s  could be descr ibed by a  

s i n g l e  exponent ia l  decay with a  half-time of 8.3 days. The excess 

f l u o r i d e  excre t ion  during t h i s  per iod is presumably der ived from 

s k e l e t a l  deposi ts .  During the  15 day period approximately 0.1 mg 

more f l u o r i d e  was excre ted  i n  the  u r ine  of these  r a t s  than was 

consumed. This is only a  small f r a c t i o n  of t h e  2.6 mg f l u o r i d e  

es t imated t o  have been deposited i n  the  skele ton on the  b a s i s  of 

t h e  femoral f l u o r i d e  content .  Plasma f l u o r i d e  concentra t ions  were 

not decreased 6 days a f t e r  the  marked reduct ion i n  d i e t a r y  f l u o r i d e  

in take .  Ophaug and Singer (1977) have repor ted  a  similar 

phenomena. I n  t h e i r  r a t  s t u d i e s  plasma i o n i c  f l u o r i d e  

concentsat inns were s i g n i f i c a n t l y  e leva ted  over pre-exposure l e v e l s  

a s  l a t e  a s  28 days a f t e r  cessa t ion  of a  28 day d i e t a r y  exposure t o  

25 pg F/ml i n  the  dr inking water. These authors  suggest  t h a t  t h e  

e leva ted  f l u o r i d e  concentra t ions  a r e  due t o  mobi l iza t ion of 

s k e l e t a l  f l u o r i d e  a s  s k e l e t a l  f l u o r i d e  decreased during t h i s  time. 

Ericsson (1975) has reported e leva ted  plasma f l u o r i d e  l e v e l s  i n  a  

p a t i e n t  many weeks a f t e r  cessa t ion  o f  sodium f l u o r i d e  therapy. 

A l l  HE' exposure regimens used i n  t h i s  s tudy r e s u l t e d  i n  

s i g n i f i c a n t  e l eva t ions  i n  lung, plasma and kidney f  l u o r  ide  



concentra t ions .  Because o f  the  l a r g e  amounts'of f l u o r i d e  p r e s e n t  

i n  t h e  ske le tons  of  these  r a t s  it is p o s s i b l e  t h a t  t h e  increased 

s o f t  t i s s u e  f l u o r i d e  concen t ra t ions  a f t e r  HI? exposure a r e  due to 

increased mobi l iza t ion  of  s k e l e t a l  f l u o r i d e  r a t h e r  than absorpt ion  

of inhaled HF. That t h i s  is not  occurr ing  is shown by the  f a c t  

t h a t  s k e l e t a l  f l u o r i d e  con ten t  ( a s  es t imated  from femoral f l u o r i d e  

. con ten t )  was s i g n i f i c a n t l y  increased over c o n t r o l  l e v e l s  by HF 

exposure i n  the  whole body HF r e t e n t i o n  experiment and t h e  75 mg 

3 F/m nose-only exposure. S k e l e t a l  f l u o r i d e  con ten t  was a l s o  

s i g n i f i c a n t l y  increased by NaF dus t  exposure. This  p o s s i b i l i t y  

cannot be t o t a l l y  e l iminated  i n  experiments i n  which increased 

femoral f l u o r i d e  was not  demonstrated, but  it seems extremely 

un l ike ly .  

A s  d iscussed previous ly ,  measurement o f  u r i n a r y  f l u o r i d e  

exc re t ion  and/or s k e l e t a l  f l u o r i d e  depos i t ion  i n  r a t s  exposed t o  HF 

should provide a reasonable  e s t ima te  o f  t h e  absorbed f l u o r i d e  dose 

due t o  exposure. Af ter  whole body exposure t o  10.2 mg ~ / m ~  HF 

f o r  6 hours'  these  e s t ima tes  gave a value o f  4500 pg F a s  the  

absorbed dose. A t  a pulmonary v e n t i l a t i o n  r a t e  of 0.150 l/min 

(Guyton, 1947) t h e s e  300 gram r a t s  would have inhaled  approximately 

500 irg f l u o r i d e  dur ing  exposure. The l a r g e  d i f f e r e n c e  between 

these  es t ima tes  s t r o n g l y  sugges ts  t h a t  whole body HF exposed r a t s  

absorb f l u o r i d e  from a source o the r  than inha la t ion .  In  f a c t  t h e s e  

r a t s  may have absorbed 9 times more f l u o r i d e  from t h i s  unknown 

source than they inhaled.  A s i m i l a r  problem occurred a f t e r  

nose-only exposure b u t  i ts  magnitude was much smai ier  (765 pg F 



es t imated  absorbed vs. 378 pg es t imated  i n h a l e d ) .  The results of 

t h i s  s tudy provide a g r e a t  deal  of evidence t h a t  i n d i c a t e s  t h i s  

a d d i t i o n a l  source of f l u o r i d e  is due t o  depos i t ion  of a i rborne  H F  

on f u r  and subsequent i n g e s t i o n  of t h a t  f l u o r i d e  a s  a  r e s u l t  of 

preening a c t i v i t y .  

The e leva ted  f e c a l  f luor ide  concentra t ions  i n  a i rborne  HF and 

NaF exposed r a t s  sugges ts  t h a t  cons iderable  amounts of  f l u o r i d e  a r e  

being inges ted .  Intravenous i n j e c t i o n  of f l u o r i d e  has been shown 

t o  r e s u l t  i n  e l eva ted  f e c a l  f l u o r i d e  concen t ra t ions ,  bu t  l e s s  than  

5% of the administered dose was seques tered  i n  t h i s  s i t e  

(Wallace-Dur bin,  1954) . Less than 2% of t h e  i n t r a p e r i t o n e a l l y  

i n j e c t e d  f l u o r i d e  was found i n  the  f e c e s  i n  the  p resen t  s t u d i e s .  

S h o r t l y  a f t e r  whole body exposure t o  HE' o r  NaF d u s t  f e c a l  f l u o r i d e  

exc re t ion  exceeded t h a t  i n  the  ur ine .  Thus, t h e  l a r g e  amounts of 

f l u o r i d e  i n  t h e  f e c e s  a f t e r  whole body exposure a r e  much l a r g e r  

than can be explained by f e c a l  seques t ra t ion  of absorbed f l u o r i d e .  

The chamber opera t ing  c h a r a c t e r i s t i c s  dur ing  t h e  

dose-response experiment were c o n s i s t e n t  with the  hypothes is  t h a t  

cons iderable  amounts of a i rborne  HE' deposi ted  on t h e  f u r ,  Rats  

removed much more HE' from the a i r ,  a s  est imated by the  chamber 

o p e r a t i n g  c h a r a c t e r i s t i c s ,  than could be expla ined on t h e  b a s i s  of 

i n h a l a t i o n .  The smaller  magnitude of the unknown f l u o r i d e  source 

i n  nose-only exposed r a t s  compared to  r a t s  whose e n t i r e  bodies were 

exposed t o  HE' is a l s o  oons i s t en t  wi th  the  hypothesis  t h a t  the  

unknwn f l u o r i d e  source  is due t o  HE' deposi ted  on t h e  f u r .  Large 

amounts of f l u o r i d e  were present  on the  f u r  i n  d i r e c t  con tac t  wi th  



HE' atmospheres a f t e r  nose-only exposure. In  f a c t  the  sum of the 

amount of f l u o r i d e  p resen t  on ' t h i s  f u r  cover ing .  t h e  nose and t h e  

es t imated  amount of f 1 uor i d e  inhaled  dur ing nos e-on1 y expos ur e 

agree  w e l l  with t h e  e s t ima t ion  of t h e  amount of absorbed f l u o r i d e .  

I n  nose-only exposed r a t s  the amount of f l u o r i d e  on the  f u r  

covering t h e  nose decreased dur ing t h e  pos t-exposure per iod .  

Severa l  processes may be involved i n  the  removal of HF from the 

f u r .  Among t h e s e  a re  preening , v a l a t i l i  za t ion  and absorp t ion  

through the  sk in .  The r e l a t i v e  magnitude of these  processes is 

unknown. Rats  undertook a cons iderable  amount of preening of t h e  

nose during the  post-exposure period.  I n  f a c t  t h i s  behavior was 

evident  before  t h e  r a t  e n t i r e l y  recovered f r a n  t h e  a n a e s t h e t i c .  

Wiping of  the f u r  around the  nose wi th  a w e t  gauze, a process which 

may m i m i c  preening,  removed a cons iderable  amount of  f l u o r i d e ,  

sugges t ing  t h a t  the  f l u o r i d e  on the  f u r  is "preenable." A s  has 

been previous ly  d iscussed inges ted  f l u o r i d e  is r e a d i l y  and 

2 e f f i c i e n t l y  absorbed. The 7 c m  a r e a  of nose f u r  analyzed 

contained approximately 300 Vg f l u o r i d e .  I f  the depos i t ion  of HF 

on f u r  covering o ther  a reas  of t h e  body a r e  similar, then enormous 

amounts of f l u o r i d e  must have been present  on the  f u r  a f t e r  whole 

body exposure,  c e r t a i n l y  enough f l u o r i d e  t o  account  f o r  t h e  excess  

of 4000 pg f l u o r i d e  es t imated  t o  be absorbed by t h e s e  r a t s .  

I t  is p o s s i b l e  t o  specu la te  a mechanism f o r  t h e  high 

desposi t i o n  of HF on f u r .  I n  a d d i t i o n  t o  being a s m a l l  molecule, 

HE' has a high d ipo le  mment and t h u s  forms s t r o n g  hydrogen bonds 

(Masterton and Slowinski ,  1969). Thus, a i r b o r n e  HF may d i f f u s e  



i n t o  the  p r o t e i n  s t r u c t u r e  of h a i r  and be held  t h e r e  by hydrogen 

bonding. Preening a c t i v i t y  may provide enough water  t h a t  HE' 

d i s s o l v e s  forming H+ and F- which can then be e a s i l y  removed. 

I t  is unclear how much of an e f f e c t  t h e  a d d i t i o n a l  source  of 

f l u o r i d e  has on the  sys temic  f l u o r i d e  burden of r a t s  s a c r i f i c e d  

s h o r t l y  a f t e r  exposure. The u r i n a r y  f l u o r i d e  e x c r e t i o n  of r a t s  

during the  f i r s t  18 hours a f t e r  whole body exposure t o  10.2 pg 

3 F/m HE' for  6 hours accounted f o r  more f l u o r i d e  than was 

es t imated  t o  be inha led ,  sugges t ing  t h a t  cons iderable  amounts of 

preening had taken place by t h i s  t i m e .  I t  c e r t a i n l y  cannot be 

assumed t h a t  t h e  specula ted  preening problem had no e f f e c t  on t h e  

sys temic  f l u o r i d e  burden of r a t s  s a c r i f i c e d  6 hours a f t e r  a  6-hour 

whole body exposure. A l l  r a t s  used i n  t h e  dose response experiment 

were s a c r i f i c e d  a t  t h i s  time, i n d i c a t i n g  t h a t  the  f l u o r i d e  

concentra t ions  i n  so£ t t i s s u e s  of t h e s e  r a t s  must be i n t e r p r e t e d  

very c a r e f u l l y .  

I n  c e r t a i n  experiments , because r a t s  were anaes the t i zed  

throughout t h e  e n t i r e  experimental  per iod ,  t h e  p o s s i b i l i t y  of 

preening was t o t a l l y  e l iminated .  These inc lude  the  r a t s  s a c r i f i c e d  

immediately a£ t e r  nose-only or upper r e s p i r a t o r y  t r a c t  exposure. 

I n  each of these  experimental animals s o f t  t i s s u e  f l u o r i d e  

concentra t ions  were e l eva ted  over c o n t r o l  l e v e l s  sugges t ing  t h a t  

inhaled  HI? was absorbed. The p o s s i b i l i t y  of  increased s k e l e t a l  

f l u o r i d e  mobi l iza t ion  cannot be e l imina ted  i n  t h e s e  animals. That  

s i g n i f i c a n t  absorpt ion  of HF through t h e  s k i n  d i d  not  occur dur ing  

upper r e s p i r a t o r y  t r a c t  exposure was s h a m  by the  c o n t r o l  group 



whose heads were exposed t o  HE' atmospheres but had no a i r  drawn 

through t h e i r  upper r e s p i r a t o r y  t r a c t .  Plasma f l u o r i d e  

concen t ra t ions  i n  t h e s e  r a t s  were not e l eva ted  over c o n t r o l  

l e v e l s .  The dose-dependent i n c r e a s e  of  plasma f l u o r i d e  

concentra t ion  with inc reas ing  a i r b o r n e  HE' concen t ra t ion  i n d i c a t e s  a 

cause and e f f e c t  r e l a t i o n s h i p  and s t r o n g l y  sugges ts  that inhaled  HF 

is i n  f a c t  absorbed sys temical ly .  I f  t h e  p o s s i b i l i t y  of inc reased  

s k e l e t a l  f l u o r i d e  mobi l iza t ion  is discounted,  then from the r e s u l t s  

of t h e s e  experiments information on t h e  s i t e  of absorp t ion ,  t h e  

r a t e  of absorpt ion  and the  e f f i c i e n c y  of absorpt ion  can be i n f e r r e d .  

Under t h e  condi t ions  of t h e  upper r e s p i r a t o r y  t r a c t  exposure 

the removal of HF from the a i r s t r e a m  was near ly  complete 

(<99.9%) . This removal of a i rborne  HE' is, presumably, due t o  

deposi t ion  o f  HF within  t h i s  anatomical site. I n  t h i s  t h e s i s  t h e  

term "upper r e s p i r a t o r y  t r a c t "  is used t o  descr ibe  a l l  po r t ions  of 

t h e  r e s p i r a t o r y  t r a c t  cephalad t o  t h e  l a rynx ,  and to  t h e  e x t e n t  

t h a t  a i r  passes through the  o r a l  c a v i t y  t h i s  anatomical s i te  is 

included as  w e l l .  However, as discussed previous ly ,  i t  seems 

un l ike ly  t h a t  under the  experimental  condi t ions  used a i r  a c t u a l l y  

flows through t h e  o r a l  cavi ty .  The r e s u l t s  of t h e s e  exposures a r e  

c o n s i s t e n t  wi th  t h i s  hypothesis .  Pa t t en ,  -- e t  a l .  (1978) have shown 

t h a t  f l u o r i d e  absorp t ion  through t h e  o r a l  c a v i t y  is very slow, on ly  

7% of the f l u o r i d e  app l i ed  i n  t h i s  s i t e  being absorbed i n  2.5 

hours. I f  s i g n i f i c a n t  amounts of t h e  HE' were being drawn through 

the  o r a l  c a v i t y  and depos i t ing  t h e r e  dur ing  upper r e s p i r a t o r y  t r a c t  

exposure,  t h e n  t h e  e levated  plasma f l u o r i d e  concentra t ions  observed 



could  not  have occurred.  That HF a c t u a l l y  depos i t ed  i n  the  upper 

r e s p i r a t o r y  t r a c t  is ind ica ted  by t h e  l a r g e  amount of t h i s  i o n  t h a t  

could be removed from t h i s  s i te  by r i n s i n g  a f t e r  exposure. Similar  

amounts of  f l u o r i d e  were removed £ran the  upper r e s p i r a t o r y  t r a c t  

of i n t a c t  nose-only exposed r a t s  sugges t ing  t h a t  the  depos i t ion  of 

a i rborne  HF i n  t h i s  s i te  was s imi la r  under both s e t s  of 

exper iment a 1  condi ti ons . 
The deposi t ion  of seve ra l  o ther  gases i n  the  upper 

r e s p i r a t o r y  t r a c t  using techniques  s i m i l a r  t o  t h e  one descr ibed 

here  has been repor ted .  Perhaps the most widely s t u d i e d  compound 

i n  t h i s  r e spec t  is SO A t  phys io logic  flow r a t e s  depos i t ion  2 ' 

e f f i c i e n c i e s  as high a s  99.99% f o r  SO2 i n  the  nasa l  c a v i t y  of  the 

dog havebeen repor ted  (Frank, -- e t  a l . ,  1969) . The f r a c t i o n  of  SO 
2 

which pene t ra te s  the  upper r e s p i r a t o r y  t r a c t  appears  t o  depend on 

the  i n i t i a l  a i rborne  concentra t ion;  the  f r a c t i o n a l  p e n e t r a t i o n  

decreases with i nc reas ing  a i rborne  concentra t ion  (S t r  andberg, 

1964) . Deposit ion e f f i c i e n c i e s  of 95% f o r  ammonia have been 

reported (Dalhamn and Sjoholm, 1963).  Formaldehyde i s  n e a r l y  

completely removed from the a i r  by passage through the  upper 

r e s p i r a t o r y  t r a c t  of t h e  dog (Egle, 1972) ,  whereas only  80% of 

proprionaldehyde and 60% of  a c r o l e i n  drawn through t h i s  s i te  were 

removed. I n  gener dl. t h e  deposi t ion  e f f i c i e n c y  c o r r e l a t e s  with 

water s o l u b i l i t y ,  t h e  more s o l u b l e  compounds being removed wi th  

3 g rea te r  e f f i c i e n c y  . A t  low concentra t ions  ( l e s s  than 2 mg/m ) i t  

has been repor ted  t h a t  90% of insp i red  NO2 i s  removed from the 

airstreani by passage through t h e  upper r e s p i r a t o r y  t r a c t  of t h e  dog 



3 (Vaughan, e t  a l . ,  1969) .  A t  high c o n c e n t r a t i o n s  (50-760 mg/m ) 

o n l y  50% of the NO2 drawn through t h i s  s i te  was removed from the 

a i r  by t h e  r a b b i t  (Dalhamn and Sjoholm, 1963).  The p e n e t r a t i o n  of 

ozone through t h e  upper r e s p i r a t o r y  tract has also been shown to  be 

concen t r a t ion  dependent. A t  p h y s i o l o g i c  flow r a t e s  28% of t h e  

ozone a t  an i n i t i a l  a i r b o r n e  c o n c e n t r a t i o n  of  0.3 ppm p e n e t r a t e d  

through t h e  n a s a l  passages  of t h e  dog, a t  0.8 ppn t h e  f r a c t i o n a l  

p e n e t r a t i o n  was 41% (Yokohama and Frank,  1972).  Vaughan, e t  a l .  

(1969) a l s o  r e p o r t e d  a s i m i l a r  r e l a t i o n s h i p  wi th  ozone 

c o n c e n t r a t i o n s  i n  t h e  1-12 ppm range. N o  e f f e c t  of the i n i t i a l  

a i r  borne c o n c e n t r a t i o n  on t h e  f r a c t i o n a l  p e n e t r a t i o n  o f  HE' th rough 

t h e  upper r e s p i r a t o r y  t r a c t  m u l d  be d i s c e r n e d  i n  t h i s  experiment 

because d e t e c t a b l e  amounts o f  HF never p e n e t r a t e d  through t h e  s i t e  

a t  t h e  a i r b o r n e  concen t r a t ions  used he re .  

Of t h e  wide range  of gases  s t u d i e d  HF appea r s  t o  rank among 

those  m o s t  e f f i c i e n t l y  c o l l e c t e d  i n  t h e  upper r e s p i r a t o r y  t r a c t .  

Presumably gas  molecules  drawn through t h e  upper r e s p i r a t o r y  t r a c t  

d i f f u s e  to  t h e  mucosal su r f ace  and d i s s o l v e  i f  s u f f i c i e n t l y  

s o l u b l e .  I n  h i s  d i s c u s s i o n  on t h e  d e p o s i t i o n  of g a s e s  i n  t h e  n a s a l  

c a v i t y  Davies  (1946) p o i n t s  ou t  t h e  importance of high 

s o l u b i l i t y .  I f  t h e  mucosal s u r f a c e  were t o  becane s a t u r a t e d  wi th  

gas then n e t  d e p o s i t i o n  would s t o p .  The d e p o s i t i o n  of gases  wi th  

low s o l u b i l i t y  may be governed by t h e  r a t e  a t  which molecules  a r e  

removed from the mucosal su r f ace .  I f  such a p roces s  were t o  occur  

t h e  p e n e t r a t i o n  through t h e  upper r e s p i r a t o r y  t r a c t  might be 

expected t o  be t i m e  dependent.  A t  the  s t a r t  of exposure small 



amounts of gas would pene t ra te  because l i t t l e  o r  no gas is 

d i s so lved  i n  t h e  mucosal su r face .  However, a s  t h e  mucosal s u r f a c e  

became s a t u r a t e d  more and more gas would p e n e t r a t e  through t h e  

upper r e s p i r a t o r y  t r a c t  because less and l e s s  is becoming 

d i s so lved .  The pene t ra t ion  of ozone through the  upper r e s p i r a t o r y  

t r a c t  has been shown t o  decrease  wi th  i n c r e a s i n g  l e n g t h  of exposure 

(Yokohama and Frank, 1972). I n  l i g h t  of its low molecular weight 

(HE' does not polymerize a t  the  p a r t i a l  p ressu res  and temperatures 

encountered i n  t h i s  work, Leech, 1956) ,  and i ts high water 

s o l u b i l i t y ,  t h e  high c o l l e c t i o n  e f f i c i e n c y  o f  HE' by t h e  upper 

r e s p i r a t o r y  t r a c t  is, perhaps,  no t  unexpected. 

The deposi t ion  of  HE' i n  t h e  upper r e s p i r a t o r y  t r a c t  of r a t s  

was i n v e s t i g a t e d  a t  one flow r a t e  - 0.14 l/min. I t  would be 

i n t e r e s t i n g  t o  s tudy t h i s  process a t  a higher f l w  r a t e ,  e s p e c i a l l y  

s ince  maximal flow r a t e s  i n  the  r a t  may reach 0.30 l/min (Palecek,  

1969) dur ing  r e s p i r a t i o n .  Increased flow r a t e s ,  by decreas ing t h e  

res idence  time i n  the  upper r e s p i r a t o r y  t r a c t ,  would be expected t o  

r e s u l t  i n  decreased d i f f u s i o n a l  deposi t ion .  However, inc reased  

f l m  r a t e s  w i l l  increase  turbulence which may l e a d  t o  inc reased  

mixing and perhaps increased p e n e t r a t i o n  of a i r  i n t o  t h e  nasa l  

tu rb ina tes .  Since t h e s e  processes might be expected t o  enhance 

d i f f u s i o n a l  deposi t ion  on t h e  mucosal s u r f a c e  i t  is not p o s s i b l e  t o  

p r e d i c t  a c c u r a t e l y  the  e f f e c t s  of increased f low on n a s a l  

pene t ra t ion  of gases. A few i n v e s t i g a t o r s  have s t u d i e d  n a s a l  

pene t ra t ion  a t  two flow r a t e s .  The pene t ra t ion  of 0.3 ppm ozone 

through t h e  upper r e s p i r a t o r y  t r a c t  of t h e  dog was inc reased  from 



28% t o  63% by a t e n  f o l d  i n c r e a s e  i n  f low (~okoyama and Frank ,  

1972).  A 10-fo ld  i n c r e a s e  i n  f l w  r a t e  r e s u l t e d  i n  a 32-fold 

i n c r e a s e  i n  t h e  p e n e t r a t i o n  of SO2 through t h e  upper r e s p i r a t o r y  

t r a c t  of t h e  same s p e c i e s  (Frank,  e t  a l . ,  1969) .  A t  s i m i l a r  

i n i t i a l  concen t r a t ions  a 10-fold i n c r e a s e  i n  f low r e s u l t e d  i n  a 

160-fold i n c r e a s e  i n  t h e  p e n e t r a t i o n  of SO through t h e  mouth of 2 

t h e  dog. These r e s u l t s  s h w  t h a t  i nc reased  p e n e t r a t i o n  through t h e  

upper r e s p i r a t o r y  t r a c t  occurs  a s  a result of i nc reased  f low r a t e s ;  

however, canpar i son  of t h e  r e s u l t s  i n  t h e  nose and t h e  mouth 

sugges t s  that t h e  magnitude of  the inc reased  p e n e t r a t i o n  ' th rough 

t h e  upper r e s p i r a t o r y  t r a c t  due t o  i n c r e a s e d  f l w  r a t e s  may be 

moderated by inc reased  tu rbu lence  o r  i nc reased  f l aw  i n t o  t h e  n a s a l  

t u r b i n a t e s .  

I n  t h e i r  s t u d y  on t h e  abso rp t ion  of war gases  i n  t h e  nose of 

t h e  r a b b i t ,  Cameron, -- e t  a l .  (1946) found a good c o r r e l a t i o n  between 

n a s a l  depos i t i on  and n a s a l  i n j u r y .  These a u t h o r s  r epo r t ed  80-90% 

depos i t i on  of mustard and n i t roge r rmus ta rd  gas  i n  t h e  n a s a l  

c a v i t y .  Af te r  exposure t o  t h e s e  gases  marked inf lammation and 

hemorrhage of t h e  n a s a l  e p i t h e l i u m  was found. Only 25% of t h e  

phosgene drawn through t h e  n a s a l  c a v i t y  d e p s i t e d  i n  that s i t e  and 

l i t t l e  p a t h o l o g i c  a l t e r a t i o n  was noted. The a u t h o r s  noted  t h a t  t h e  

concen t r a t ions  of phosgene used i n v a r i a b l y  r e s u l t  i n  t h e  format ion  

of pulmonary edema, wh i l e  pulmonary edema was not  a c m o n  f i n d i n g  

a f t e r  exposure t o  t he  mustard gases .  The t r a c h e a l  sampling tube  

became plugged wi th  mucous from r a b b i t s  exposed t o  h igh  

c o n c e n t r a t i o n s  of the mustard gases .  A o imi l a r  e f f e c t  was noted i n  



r a t s  exposed to  high c o n c e n t r a t i o n s  of HF. The i n j u r y  caused  t o  

t h e  upper r e s p i r a t o r y  t r a c t  of r a t s  exposed t o  HF is s i m i l a r  t o  

t h a t  r epo r t ed  f o r  t h e  mustard gases .  Rosenholtz ,  e t  a l .  (1963) 

r e p o r t e d  e x t e n s i v e  mucosal and s u h u c o s a l  n e c r o s i s  and accompanying 

a c u t e  inflammation t o  be p r e s e n t  i n  t h e  n a s a l  c a v i t i e s  of r a t s  

exposed to near  l e t h a l  concen t r a t ions  o f  HF. The n a s a l  c a v i t i e s  of 

r a t s  exposed to  HF i n  t h e  p r e s e n t  i n v e s t i g a t i o n s  were no t  examined 

h i s t o l o g i c a l l y .  Th i s  t y p e  of pa tho log ic  change might be expec ted  

t o  alter the  c o l l e c t i o n  e f f i c i e n c y  o f  the upper r e s p i r a t o r y  t r a c t .  

The c o l l e c t i o n  e f f i c i e n c y  of t h e  upper r e s p i r a t o r y  t r a c t  has been 

r epor t ed  t o  i n c r e a s e  w i t h  i n c r e a s i n g  i n i t i a l  SO2 c o n c e n t r a t i o n s  

(S t randberg ,  1964).  Th i s  au thor  sugges ted  t h a t  SO2 induces  a 

dose-independent i n c r e a s e  i n  mucous s e c r e t i o n ,  and t h e  i n c r e a s e d  

mucous l a y e r  i n  t h e  n a s a l  c a v i t i e s  of r a b b i t s  exposed t o  higher 

So2 c o n c e n t r a t i o n s ,  be ing  c a p a b l e  of d i s s o l v i n g  more SO2, 

r e s u l t s  i n  an inc reased  c o l l e c t i o n  e f f i c i e n c y  of t h i s  gas. I n  t h e  

p r e s e n t  s t u d i e s ,  s i n c e  d e t e c t a b l e  amounts of f l u o r i d e  d i d  no t  

p e n e t r a t e  th rough t h e  upper r e s p i r a t o r y  t r a c t ,  it was not  p o s s i b l e  

t o  determine i f  such a process  w a s  o c c u r r i n g  d u r i n g  HF exposure. 

Under t h e  a r t i f i c i a l  c o n d i t i o n s  of t h e  upper r e s p i r a t o r y  

t r a c t  exposure,  v i r t u a l l y  no HF p e n e t r a t e d  t o  t h e  t r a c h e a .  The 

r e s u l t s  o f  HE' exposures  i n  i n t a c t  r a t s  a r e  c o n s i s t e n t  wi th  t h i s  

f i n d i n g ,  i n d i c a t i n g  that  t h e  c o n d i t i o n s  of the  upper r e s p i r a t o r y  

t r a c t  exposure  a r e  s i m i l a r  enough to  t h e  t r u e  -- i n  v i v o  c o n d i t i o n s  

t h a t  t he  technique  is an adequate  model system t o  use f o r  

i n v e s t i g a t i o n s  of n a s a l  depos i t i on  of i n h a l e d  gases .  



I n  both i n t a c t  nose-only exposed r a t s  and upper r e s p i r a t o r y  

t r a c t  exposed r a t s  l a r g e  amounts of  f l u o r i d e  could be r i n s e d  £ran  

the  upper r e s p i r a t o r y  t r a c t  a f t e r  exposure, i n d i c a t i n g  t h a t  l a r g e  

amounts of  HE' depos i t  i n  t h i s  region under both sets of 

condi t ions .  The i o n i c  f l u o r i d e  concentra t ion  i n  lungs of r a t s  

s a c r i f i c e d  immediately a f  t e r  n o s e o n l y  exposure t o  63 mg p/m3 W 

f o r  1 hour was less than  t h e  i o n i c  plasma f l u o r i d e  concentra t ion .  

Thus t h e r e  is no evidence t h a t  f l u o r i d e  reached the  lungs by any 

o ther  rou te  than  t r a n s p o r t  through t h e  plasna. Tracheal  f l u o r i d e  

concentra t ions  i n  r a t s  s a c r i f i c e d  immediately a f  t e r  HF exposure 

were not e l eva ted  over con t ro l  l e v e l s  again., sugges t ing  t h a t  l i t t l e  

HF penet ra ted  through the  upper r e s p i r a t o r y  t r a c t  of these  r a t s  

during exposure. The i o n i c  f l u o r i d e  concentrat ions. .  in '  l u n s s  of r a t s  

a f t e r  whole body exposure t o  HF f o r  6 hours were s l i g h t l y  higher 

than p lasna  i o n i c  f l u o r i d e  concentra t ions  sugges t ing  t h a t  under 

t h e s e  experimental condi t ions  some HF reached the  lungs  by a r o u t e  

o ther  than plasma t r anspor t .  However, as discussed below t h e  lung 

may - c o n t a i n  binding sites f o r  the  f l u o r i d e  ion.  Thus i t  is 

p o s s i b l e  t h a t  t h e  e n t i r e  pulmonary f l u o r i d e  burden i n  whole body HF 

exposed r a t s  may be due t o  plasma t r a n s p o r t  of f l u o r i d e  t h a t  was 

absorbed a t  another  site. Even i f  no binding were t o  occur t h e  

pene t ra t ion  of only  a s m a l l  f r a c t i o n  of the inhaled  H F  would account 

f o r  t h e  pulmonary f l u o r i d e  burdens i n  t h e s e  whole body exposed r a t s .  

Est imation of the expected pllmonary f l u o r i d e  burden i n  the  whole 

body exposed r a t s  using t h e  pulmonary r e t e n t i o n  k i n e t i c s  found 

a f t e r  whole body exposure, ignor ing t h e  long term r e t e n t i o n  



component which may be due t o  preening,  assuming a pulmonary 

v e n t i l a t i o n  r a t e  of 0.15 l/min f o r  a 300 gram' r a t  (Guyton, 1947) 

and assuming continuous i n s p i r a t i o n  a t  t h a t  r a t e ,  r e v e a l s  that the  

pulmonary f l u o r i d e  bur dens i n  r a t s  exposed t o  a l l  concen t ra t ions  

used i n  the  dose response experiment could be expla ined on the  

b a s i s  of 1% pene t ra t ion  o f  HF through the  upper r e s p i r a t o r y  t r a c t .  

Thus under a l l  experimental condi t ions  used, whole body exposure 

f o r  6 hours, 1 hour nose only exposure o r  i n t e r m i t t e n t  5 minute 

upper r e s p i r a t o r y  t r a c t  exposure, l i t t l e  HF p e n e t r a t e s  through the  

upper r e s p i r a t o r y  t r a c t  to  t h e  lower airways. 

Addition of water vapor t o  chamber HF atmospheres may have 

a l t e r e d  t h e  r eg iona l  deposi t ion  of inha led  HF. The pulmonary 

f l u o r i d e  burden i n  r a t s  exposed t o  111 mg ~ / m ~  HF p l u s  water 

vapor was s i g n i f i c a n t l y  less than i n  r a t s  exposed t o  116 mg F/m 3 

sugges t ing  t h a t  water vapor inc reased  t h e  nasa l  depos i t ion  of 

inhaled  HF. However, the  r a t s  exposed t o  HF p lus  water vapor were 

considerably  o l d e r  than those  exposed t o  HF a lone  s o  t h e  d i f f e r i n g  

pulmonary f l u o r i d e  burdens may be due t o  age dependent a l  t e r a t i o n s  

i n  t h e  binding of f l u o r i d e  i n  pulmonary t i s s u e .  S i m i l a r l y  t h e  

d i f f e r e n c e s  of the pulmonary f l u o r i d e  burdens i n  Blue Spruce o r  

Char les  River r a t s  a f t e r  exposure t o  s imi la r  a i r b o r n e  HF 

concentra t ions  may be due t o  d i f f e r e n c e s  i n  the  binding of f l u o r i d e  

i n  t h e  lung o r  t o  d i f f e r e n c e s  i n  r eg iona l  deposi t ion  of inhaled  

HF. The high c o l l e c t i o n  e f f i c i e n c y  of the upper r e s p i r a t o r y  t r a c t  

f o r  HF sugges t s  t h a t  binding o r  sane  o ther  unknown phenanenon may 

be the  more important f a c t o r  determining lung f l u o r i d e  

concentra t ions  i n  t h e s e  r a t s .  



I n  l i g h t  of its high c o l l e c t i o n  e f f i c i e n c y ,  t h e  upper 

r e s p i r a t o r y  t r a c t  appears t o  p r o t e c t  t h e  lower airways f ran t h e  

e f f e c t s  of HF. The absence of pulmonary edema i n  HF exposed r a t s  

sugges ts  such p r o t e c t i o n  is occurr ing .  I t  would be extremely 

i n t e r e s t i n g  to  expose r a t s  t o  H F  through an endotracheal  tube 

l ead ing  d i r e c t l y  t o  t h e  lung,  thus  e l imina t ing  t h e  p r o t e c t i o n  of 

the upper r e s p i r a t o r y  t r a c t .  I t  would be expected t h a t  not only  

would high lung f l u o r i d e  concentra t ions  occur ,  but t h a t  pulmonary 

edema might ensue. A s  e a r l y  a s  1913 i t  was noted t h a t  the  

tracheotamized dog was more s u s c e p t i b l e  t o  ozone a s  measured by 

pulmonary edema, than the  i n t a c t  dog (Jordan and Car lson,  1913). 

Frcm t h e i r  r e s u l t s  t h e s e  authors  specu la ted  t h a t  a s  much as 75% of 

inhaled ozone may be removed by the  upper r e s p i r a t o r y  t r a c t ,  a 

p r e d i c t i o n  remarkably s i m i l a r  t o  t h e  c o l l e c t i o n  e f f i c i e n c i e s  of 

50-753 measured i n  the  dog over 50 y e a r s  l a t e r  (Vaughan, e t  a l . ,  

1969) . Using increased pulmonary flow r e s i s t a n c e  a s  t h e  response 

t o  SO2 Amdur (1966) has repor ted  t h a t  the  tracheotomized guinea 

p ig  is more s e n s i t i v e  t o  t h i s  p o l l u t a n t  than t h e  i n t a c t  guinea 

pig.  A l a r g e  f r a c t i o n  of inhaled SO2 i s  deposi ted  i n  the  upper 

r e s p i r a t o r y  t r a c t  (Strandberg,  1964) . 
The r i c h  vascu la tu re  of the nasa l  c a v i t y  sugges t s  t h a t  once 

deposi ted ,  canpounds may be r a p i d l y  absorbed from t h i s  s i t e .  

C e r t a i n l y  cocaine  can be absorbed through the  nasa l  epi thel ium. I n  

few of t h e s e  s t u d i e s  i n  which t h e  nasa l  deposi t ion  of inhaled  gases 

were i n v e s t i g a t e d  was t h e r e  any a t tempt  t o  determine i f  the gases  

were absorbed sys temica l ly .  Yokoyama, e t  a l .  (1971) d i d  show 



increased 3 5 ~  a c t i v i t y  i n  the  blood of dogs exposed t o  35 
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v i a  t h e  upper r e s p i r a t o r y  t r a c t .  Recently Dahl, e t  a l .  (1979) have 

shown increased blood 3 5 ~  l e v e l s  af t e r  i n s t i l l a t i o n  o f  H 3 5 ~ 0  i n  2 4 

t h e  nasal  c a v i t y  of t h e  dog. Dahl, -- e t  a l .  (1979) a l s o  i n s t i l l e d  

~ ~ ~ ~ s o ~  i n  the  l u g  of the dog and concluded t h a t  the  absorpt ion i n t o  

blood from t h i s  s i t e ,  based on the  r a t e  of increase  of 3 5 ~  

a c t i v i t y  i n  t h e  blood, was much f a s t e r  than absorp t ion  through t h e  

nasa l  epithel ium. From the plasma i o n i c  f l u o r i d e  concentra t ions  

a f t e r  upper r e s p i r a t o r y  t r a c t  exposure it was est imated t h a t  a t  

l e a s t  20% of the H F  drawn i n t o  the  upper r e s p i r a t o r y  t r a c t .  of the 

r a t s  was absorbed sys temica l ly  dur ing t h e  36 minute experiment. 

Thus absorption of HF through the  nasa l  c a v i t y  appears t o  be f a i r l y  

rapid.  Complete absorpt ion of  HE' through t h e  nasal  epi thel ium may 

not  be rapid .  S i g n i f i c a n t l y  more f l u o r i d e  could be removed from 

the upper r e s p i r a t o r y  t r a c t  of t h e  r a t  7, 12 and 24 hours a f t e r  t h e  

s t a r t  of the 1 hour nose-only exposure than could be r insed  from 

con t ro l s .  I t  should be s t a t e d  t h a t  t h e  r i n s i n g  procedure d i d  n o t  

appear t o  q u a n t i t a t i v e l y  remove f l u o r i d e  from t h i s  s i t e .  However, 

t h e  removal of more f l u o r i d e  from t h i s  s i te  i n  exposed r a t s  than 

from c o n t r o l s  suggests  t h a t  more f l u o r i d e  was a c t u a l l y  p resen t .  

The amounts of f l u o r i d e  which were r i m e d  o u t  of t h e  r e s p i r a t o r y  

t r a c t  a t  t h i s  times were s m a l l ,  i n  genera l ,  l e s s  than 1 pg 

compared t o  the  35-45 pg f l u o r i d e  removed immediately af  t e r  

exposure, but they provide evidence t h a t  a  small f r a c t i o n  of t h e  

f l u o r i d e  i n  the  upper r e s p i r a t o r y  t r a c t  a f t e r  HF exposure is 

re ta ined  f o r  severa l  hours. 



I n  r a t s  exposed t o  36 mg F/m3 BF i n  t h e  upper r e s p i r a t o r y  

t r a c t  exper iment the  plasma i o n i c  f l u o r  ide  aver aged 0.31 pg/ml 

compared t o  a  c o n t r o l  va lue  o f  0.11 pg/ml. Immediately a f t e r  

3 nose-only exposure t o  63 mg F/m f o r  1 hour the  plasma i o n i c  

f  l u o r  ide  concentra t ion  i n  i n t a c t  r a t s  aver aged 0.26 pg/ml ( c o n t r o l  

0.04 ug/ml) . While d i r e c t  compar i son o f  these  plasma f l u o r i d e  

concen t ra t ions  i n  r a t s  exposed t o  HE' v i a  these  two regimens cannot  

be made because o f  the  d i f f e r e n t  t i m e  course  i n  each experiment, the  

r e s u l t s  do sugges t  t h a t  deposi t ion  and absorpt ion  o f  HF i n  the  n a s a l  

c a v i t y  is o f  s u f f i c i e n t  magnitude t o  account f o r  t h e  f l u o r i d e  

concen t ra t ions  p r e s e n t  i n  t i s s u e s  o f  i n t a c t  r a t s  a f t e r  nose-only 

exposure . 
I t  can be assumed 2 p r i o r i  t h a t  absorpt ion  o f  f l u o r i d e  i n t o  

the  blood stream through t h e  n a s a l  epi the l ium during exposure to HE' 

is not  instantaneous.  The l a r g e  amounts of  f l u o r i d e  which can be 

r i n s e d  from the  upper r e s p i r a t o r y  t r a c t  immediately a f t e r  exposure 

i n d i c a t e  a time l a g  between depos i t ion  and absorpt ion .  Absorption 

of  f l u o r i d e  i n t o  the  blood stream during in t ravenous  f l u o r i d e  ion  

in fus ion  is immediate. Approximately 6% of  the  infused dose of  

f l u o r i d e  was p r e s e n t  i n  the  u r i n e  immediately a f  t e r  the  1 hour 

infus ion.  I f  a  pulmonary v e n t i l a t i o n  r a t e  o f  0.10 l/min f o r  the  

anaes thet ized  r a t  is assumed, approximately 2% of t h e  inhaled  dose 

of f l u o r i d e  was p resen t  i n  the  u r ine  a t  t h e  end o f  the  1 hour per iod  

nose-only exposure, again  suggest ing t h a t  absorpt ion  of  inhaled  HF 

is f a i r l y  rapid .  In  t h e  model o f  f l u o r i d e  metabolism i n  the  r a b b i t  

by Hal l ,  g. (1977), the  f r a c t i o n a l  t r a n s f e r  r a t e  of  t h e  



f l u o r i d e  ion  from i n t r a c e l l u l a r  t o  e x t r a c e l l u l a r  f l u i d  was 

est imated t o  be 0.0911 m i d 1 .  This  corresponds t o  a  half- t ime of 

7.6 minutes. Absorption of  HE' through t h e  n a s a l  epi the l ium would 

no t  be expected to  be f a s t e r  than t h i s .  

I t  was hoped t o  use t h e  u r ina ry  f l u o r i d e  e x c r e t i o n  i n  r a t s  

a f t e r  HF exposure to es t ima te  the  inhaled  dose of f l u o r i d e ,  bu t  as 

discussed t h i s  was not poss ib le  due to  t h e  problem specu la ted  t o  be 

a r e s u l t  of preening.  Other experiments however, sugges t  t h a t  

near ly  100% of inha led  HE' is absorbed. Deposi t ion  of  HE' drawn 

through the  upper r e s p i r a t o r y  t r a c t  was g rea te r  than 99.9%. 

Camplete depos i t ion  of inhaled gases  is not unheard of .  Inhaled  

SO2 i s  nea r ly  completely removed from the a i r  by the  upper 

airways of t h e  human s u b j e c t  (Speizer  and Frank, 1966) . 
C a p a r i s o n  of insp i red  and expired a i r  concentra t ions  of 

formaldehyde i n d i c a t e d  t h a t  t h e  dog completely removes t h i s  s o l v e n t  

from the a i r  during r e s p i r a t i o n .  However, complete removal of 

subs tances  f r a  t h e  a i r  does not  i n d i c a t e  t h a t  complete sys temic  

&sorpt ion  occurs.  In IS' exposed r a t s  the slaw re turn of the 

f luor ide  con ten t  i n  nasa l  washes t o  c o n t r o l  l e v e l s  sugges t s  t h a t  

removal of deposi ted  HF from the upper r e s p i r a t o r y  t r a c t  is 

complete. The increased p lasna  f l u o r i d e  concen t ra t ions  i n  

nose-only HF exposed and e s p e c i a l l y  upper r e s p i r a t o r y  t r a c t  HF 

exposed r a t s  suggested t h a t  a  s i g n i f i c a n t  f r a c t i o n  of t h e  deposi ted  

HF is removed from the upper r e s p i r a t o r y  t r a c t  by absorp t ion  i n t o  

t h e  blood stream. 



Absorption of inhaled HI? has been shown t o  occur i n  t h e  human by 

e l e v a t i o n s  i n  u r ina ry  f l u o r i d e  e x c r e t i o n  af ter exposure (Largent ,  

1961) . Both wholebody and nose-only HI? exposure r e s u l t e d  i n  a  

prcanpt i n c r e a s e  i n  u r ina ry  f l u o r i d e  e x c r e t i o n  i n  t h e  r a t .  I n  r a t s  

exposed t o  HF v i a  e i t h e r  exposure regimen maximal d a i l y  u r i n a r y  

f l u o r i d e  e x c r e t i o n  occurred  on t h e  day of exposure. The excess  

u r i n a r y  f l u o r i d e  exc re t ion  r e s u l t i n g  from nose-only HE' exposure was 

not complete within 24 hours a f t e r  t h e  s t a r t  of exposure. 

Approximately 10% of  the t o t a l  amount of excess f l u o r i d e  exc re ted  

by t h e  nose-only exposed r a t s  w a s  exc re ted  dur ing t h e  24-48 hour 

per iod .  This delayed excre t ion  may be due t o  preening. However, a  

similar phencmenon has been repor ted  i n  man. The u r i n a r y  

f l u o r i d e  exc re t ion  was e levated  over base l ine  l e v e l s  i n  t w o  s u b j e c t s  

24-48 hours a f t e r  t h e  s t a r t  of an 8 hour exposure t o  gaseous 

f l u o r i d e  a t  an a i rborne  concentra t ion  of approximately 3 mg F/m 3 

(Callings, e t  a l . ,  1951) . The e x a c t  n a t u r e  of the  gaseous f l u o r i d e  

compounds was not s p e c i f i e d ,  however the author s t a t e d  t h a t  the  

gaseous f l u o r i d e s  were p r i n c i p a l l y  HF and S S 4 .  The excess 

f luor ide  e x c r e t i o n  dur ing t h i s  24-48 hour per iod  averaged 10% of 

the t o t a l  excess f l u o r i d e  exc re t ion  i n  t h e s e  ind iv idua l s .  Rye 

(1961) repor ted  e levated  u r ina ry  f l u o r i d e  e x c r e t i o n  i n  s u b j e c t s  

dur ing  the  24-48 and 48-72 hour per iods  a f t e r  the  s t a r t  of an 8 

3 hour exposure t o  approximately 2.0 mg F/m gaseous f l u o r i d e .  The 

na tu re  of t h e  gaseous f luor ide  canpounds was not determined. 

Largent (1961) measured u r ina ry  f l u o r i d e  exc re t ion  i n  humans a f t e r  

exposure t o  var ious  low HE' a i rborne  concen t ra t ions  f o r  6 hours per 



day, 5 days per week  f o r  s e v e r a l  w e e k s .  I n  h i s  f i g u r e  showing the  

u r ina ry  f l u o r i d e  exc re t ion  of  one i n d i v i d u a l  it appears  t h a t  t h e  

f l u o r i d e  exc re t ion  may have been e leva ted  during days on which no 

exposure occurred,  but  Largent makes no mention of  it. The r e s u l t s  

of human exposures may i n d i c a t e  t h a t  excess u r i n a r y  f l u o r i d e  

exc re t ion  during t h e  24-48 hour per iod  i n  the  r a t s  might be due t o  

inhaled  HF r a t h e r  than preened f luor ide .  The excess  f l u o r i d e  

exc re t ion  during t h i s  time pr iod would be expected t o  be due t o  

delayed absorpt ion  o f  f l u o r i d e  a s  excess f l u o r i d e  exc re t ion  was not  

ev iden t  24-48 hours a f t e r  f l u o r i d e  i n j e c t i o n .  Excess f l u o r i d e  was 

r insed  from t h e  upper r e s p i r a t o r y  t r a c t  o f  r a t s  a t  7 ,  12 and 24 

hours, so t h i s  may be t h e  s i te  of delayed absorpt ion .  However, a t  

12 hours only  1 pg f l u o r i d e  was r insed  from t h i s  s i t e  and 

approximately 55 pg f l u o r i d e  would be necessary  t o  account f o r  

t h e  12 pg of  excess f l u o r i d e  exc re t ion  during the  24-48 hour 

per iod  (55 pg x 22% = 12  p g ) .  From the 4 pg f l u o r i d e  wiped 

o f f  the  f u r  a t  12 hours it was es t imated  t h a t  30 pg f l u o r i d e  was 

p resen t  on t h e  fu r  a t  t h i s  time. Thus, it seems t h a t  t h e  f u r  is 

the  more l i k e l y  source of delayed absorpt ion  r a t h e r  than the  upper 

r e s p i r a t o r y  t r a c t .  I t  is unfor tunate  t h a t  t h e  animal models used 

a r e  not capable  of  determining i f  excess f l u o r i d e  e x c r e t i o n  occurs  

many hours a f t e r  HE' exposure. F luor ide  would accumulate i n  s o f t  

t i s s u e s  of workers exposed t o  HF i n  the  workplace i f  exc re t ion  were 

not complete during t h e i r  o f f  hours. Accumulation of t h i s  i o n  i n  

any t i s s u e  would inc rease  the  chances of t o x i c i t y .  



Sof t t i s s u e  f l u o r i d e  concentra t ions  were e leva ted  by eve ry  HF 

exposure regimen used. A s  l a t e  a s  21 days a f t e r  whole body HE' 

exposure i o n i c  f l u o r i d e  concentra t ions  i n  lung,  plasma and kidney 

were s i g n i f i c a n t l y  higher than c o n t r o l  l e v e l s .  However, a s  

discussed t h i s  long term r e t e n t i o n  was probably due t o  preening 

a c t i v i t y .  Long term r e t e n t i o n  of  f l u o r i d e  i n  s o f t  t i s s u e s  was not  

de tec ted  a f  ter nose-only exposure where preening would be minimal. 

The f l u o r i d e  i o n  is thought t o  d i s t r i b u t e  throughout t h e  s o f t  

t i s s u e s  of the body by d i f f u s i o n  (Smith, 1966) . Thus f l u o r i d e  

concen t ra t ions  i n  s o f t  t i s s u e s  would not be expected t o  be higher 

than i n  plasma. After whole-body exposure f l u o r i d e  ion  

concen t ra t ions  i n  both s o f t  t i s s u e s  analyzed, lung and kidney, 

exceed t h a t  i n  plasma. Fluoride is  excre ted  i n  the  urine;  high 

kidney f l u o r i d e  concentra t ions  may be due t o  entrapped u r i n e  i n  

t h a t  organ. The f l u o r i d e  ion  is not v o l a t i l e  and, t h u s ,  would not  

be expected to  be excre ted  through t h e  lung. Lung f l u o r i d e  

concen t ra t ions  i n  excess of t h a t  i n  plasma i n  r a t s  s a c r i f i c e d  

immediately a f t e r  HF exposure could be due to  inha led  HE' reaching 

the lung v i a  the  airways, but  s h o r t l y  a f t e r  exposure lung f l u o r i d e  

ion concentra t ions  would be expected t o  decrease  t o  t h e  l e v e l  i n  

the  plasma by d i f f u s i o n  of the ion  down a concentra t ion  g r a d i e n t .  

Lung f l u o r i d e  ion concentra t ions  were determined on lung 

homogenates. In  t h i s  process the pllmonary t i s s u e  is d i l u t e d  wi th  

5 t o  6 p a r t s  water and mixed 1:l with TISAB. I f  lung i o n i c  f l u o r i d e  

were i n  equi l ibr ium with a l o o s e l y  bound f l u o r i d e  s p e c i e s  then t h i s  

hmogeni  za t ion  procedure m i  yht be expected t o  cause d i s s o c i a t i o n  of 



t h i s  spec ies ,  f u r n i s h i n g  a d d i t i o n a l  i o n i c  f l u o r i d e .  Thus, t h e  

f l u o r i d e  measured a s  i o n i c  i n  na tu re  by t h i s  procedure may not 

e x i s t  as a  f r e e  ion  s o l u t i o n  i n  the  t i s s u e  i n  vivo.  A s  l a t e  a s  21 

days a f t e r  whole body HF exposure or  8  days a f t e r  NaF d u s t  exposure 

the  measured i o n i c  f l u o r i d e  concentra t ion  i n  the  lung s i g n i f i c a n t l y  

exceeded t h a t  i n  p lasna  i n d i c a t i n g  t h a t  sane binding or a c t i v e  

t r a n s p o r t  of f l u o r i d e  ion  i n  pllmonary t i s s u e  is occurr ing .  These 

experiments cannot d i s t i n g u i s h  between t h e s e  p o s s i b i l i t i e s .  

Knaus, e t  a l .  (1976) r e p r t e d  t h a t  18F m n c e n t r a t i o n s  i n  

t h e  lungs of r a t s  a f t e r  3 hours continuous in t ravenous  i n f u s i o n  of 

0.9 t o  6.0 mg F/kg-hr as Na18F exceeded plasma concentra t ions  by 

3 f o l d .  I n  add i t ion  lung 18F l e v e l s  decreased more s lowly than 

plasma 18F a f t e r  te rminat ion  of the in fus ion .  This  experiment of 

Knaus, -- e t  a l .  led t o  t h e  performance of t h e  in t ravenous  f l u o r i d e  

in fus ion  experiment described i n  t h i s  t h e s i s .  After a  1 hour 

in fus ion  both t o t a l  and i o n i c  lung f l u o r i d e  concentra t ions  were 

e l eva ted ,  but  no t  t o  l e v e l s  higher than present  i n  plasma. Perhaps 

longer  in fus ion  per iods  are necessary before  f l u o r i d e  accumulates 

i n  the  lungs.  B e l l ,  e t  a l .  (1961) measured the  f l u o r i d e  

concentra t ion  i n  t i s s u e s  of c a t t l e  maintained f o r  8  years  on d i e t s  

oonta in ing f l u o r i d e  concentra t ions  of 7, 47 o r  57 pg/g. I n  t h e s e  

animals lung ~ U U L ~ &  uuricentr a t i o n s  exceeded blood fluoride 

concentra t ion  by approximately 7-fold. B e l l ,  -- e t  a l .  a l s o  measured 

18F m n c e n t r a t i o n s  i n  s e v e r a l  t i s s u e s  of these  c a t t l e  4 hours 

a£ ter intravenous i n j e c t i o n  of Na18E'. The 18F content  i n  

blood, t i ~ s u e c  and ur ine  a f t e r  i n j e c t i o n  w a s  unaffec ted  by 



previous  d i t a r y  i n t a k e .  The 1 8 ~  m n c e n t r a t i o n  i n  o n l y  t w o  so£ t 

t i s s u e s  exceeded t h a t  i n  blood. These t i s s u e s  were t h e  lung and 

the kidney. A s  mentioned, kidney f l u o r i d e  concen t ra t ion  i n  excess 

of t h a t  i n  p lasna  is not unexpected s i n c e  t h e  u r i n e  is t h e  major 

route  of exc re t ion  of f l u o r i d e .  Lung l a F  concen t ra t ion  i n  these 

c a t t l e  averaged 4.3 times t h a t  i n  blood. F luor ide  does not 

d i s t r i b u t e  equa l ly  between red blood cells and plasma. Two 

i n v e s t i g a t i o n s  (Carlson , et a l  . , 1960a; Wallace-Dur bin,  1954) have 

shown the  f l u o r i d e  concentra t ion  i n  red  blood cells a t  equi l ibr ium 

t o  average approximately one-half of t h a t  i n  plasna.  Thus, a t  a  

hemocri t of 50% plasma f l u o r i d e  concentra t ion  w i l l  equal  133% of 

t h e  whole blood f l u o r i d e  concentrat ion.    ell measured t h i s  r a t i o  

i n  t h e s e  c a t t l e  and found i t  t o  be s i m i l a r .  The higher f l u o r i d e  

concentra t ion  i n  p lasna  than  i n  whole blood, t h e r e f o r e ,  does not  

account f o r  the  high f l u o r i d e  concentra t ions  i n  the  lung.  

B e l l ,  e t  a l .  (1961) a l s o  repor ted  t h a t  the  "F 

m n c e n t r a t i o n  i n  nasa l  mucous o f  c a t t l e  i n j e c t e d  wi th  N ~ " F  was 

q u i t e  high. This  sugges t s  an i n t e r e s t i n g  p o s s i b i l i t y  . Per haps t h e  

high f l u o r i d e  concentra t ions  i n  lungs of r a t s  a f t e r  HI? i n h a l a t i o n  

a re  due t o  accumulation of  f l u o r i d e  i n  mucous. Such s p e c u l a t i o n  

can exp la in  s e v e r a l  of the r e s u l t s  of t h i s  study. Tracheal 

f luor ide  concentra t ions  were q u i t e  high canpared t o  p lasna  and were 

q u i t e  m r i a b l e .  Wallace (1953) r e p r t e d  high t r a c h e a l  18F 

concentra t ions  i n  the  r a t  a f t e r  intravenous ~ a l ~ l ?  i n j e c t i o n  and 

suggested binding of  f l u o r i d e  t o  s i t e s  of e c t o p i c  c a l c i f i c a t i o n  as 

a cause of t h i s  e f f e c t .  Fluoride ion  has been shown t o  accumulate 



a t  s i t e s  of e c t o p i c  c a l c i f i c a t i o n  i n  the  p ladenta  (Ericsson and 

Ullberg,  1958). I f  sites of e c t o p i c  c a l c i f i c a t i o n  were presen t  i n  

the t rachea  and major airways of the lung the  increased lung  and 

t r achea l  f l u o r i d e  concentra t ions  could be explained.  However, such 

a process does not exp la in  the dynamic n a t u r e  of t r achea l  f l u o r i d e  

concentrat ion.  The t r a c h e a l  f l u o r i d e  concen t ra t ion  was 

s i g n i f i c a n t l y  less than con t ro l  values immediately a f t e r  nose-only 

I3.F exposure, but re turned t o  and surpassed con t ro l  l e v e l s  dur ing 

the pos texposure period. I f  the major f r a c t i o n  of the f l u o r i d e  

measured i n  t h e  t rachea  was a c t u a l l y  p resen t  i n  t h e  mucous l a y e r  

then an i n h i b i t i o n  of mucous s e c r e t i o n  i n  the  lung and/or t r a n s p o r t  

up t o  t h e  tracheobronchial  t r e e  could e x p l a i n  t h e s e  r e s u l t s .  A 

high a f f i n i t y  of f l u o r i d e  f o r  mucous might a l s o  he lp  t o  exp la in  the  

apparent  r e t e n t i o n  of f l u o r i d e  i n  t h e  upper r e s p i r a t o r y  t r a c t  a f t e r  

nose-only exposure. 

Nasal mucous i n  the  human h a s  been shown t o  con ta in  ~ a + + ,  
- - 

P04 
- and albumin (Lorin,  -- e t  a l . ,  1972) . The e f f i c i e n c y  of 

the  calcium phosphate adsorpt ion technique (Venkateswarlu, et a. I 
1971) p o i n t s  out  the  high a f f  i n i t y  of the f l u o r i d e  ion f o r  calcium 

phosphate, however , the  calcium and phosphate i n  mucous probably do 

not  e x i s t  as a c r y s t a l l i n e  s a l t .  Car lson,  et g. (1960a) has shown 

t h a t  w h i l e  ne i the r  albumin or C!aU alone e f f e c t s  the 

u l t r a f i l  t e r a b i l i t y  of t h e  f l u o r i d e  ion ,  when present  together a s  

much a s  30% of the f l u o r i d e  ion &comes u l t r a f i l t e r a b l e .  Such a 

binding phenanenon might expla in  a high a f f i n i t y  of. fluoride for 

mucous. The p o s s i b i l i t y  of an a c t i v e  t r a n s p o r t  system cannot be 



t o t a l l y  e l iminated .  Olver and S t rang  (1974) have shown that ~ l - ,  

~ r -  and I- a r e  a c t i v e l y  t r anspor ted  across  the f e t a l  lamb lung 

epithel ium. I n  add i t ion  Olver , e t  a l .  (1975) have repor ted  

evidence suggest ing t h a t  ch lo r ide  is a c t i v e l y  t r anspor ted  across  

t h e  t r a c h e a l  epi thel ium of t h e  dog. Perhaps such t r a n s p o r t  systems 

a r e  present  i n  the  r e s p i r a t o r y  t r a c t  of the r a t  and t h e y  have an 

a f f i n i t y  f o r  f l u o r i d e  as w e l l  a s  t h e  other halogens. However, 

f l u o r i d e  does not accumulate i n  the  thyro id  (Wallace-Durbin, 1954; 

B e l l ,  -- e t  a l . ,  1961) and t h e  kidney appears a b l e  t o  d i sc r imina te  

between f l u o r i d e  and ch lo r ide  (Carlson, -- e t  a l . ,  1960b). The 

preceding d i scuss ion  is c e r t a i n l y  specu la t ive ,  but  i t  might provide 

some i n t e r e s t i n g  a r e a s  f o r  f u t u r e  research.  

No long term r e t e n t i o n  of  f l u o r i d e  w a s  ev iden t  i n  t h e  lungs  

of nose-only HE' exposed or  NaF infused r a t s .  I n  the  case  of the 

nose-only exposed r a t s  t h e  i n i t i a l  lung f luor ide  burden was s o  l w  

t h a t  a long term r e t e n t i o n  of 10% of  the i n i t i a l  burden would go 

undetected. The i n i t i a l  lung f l u o r i d e  l e v e l s  i n  r a t s  in fused  wi th  

NaF were, however, high enough that a  long term r e t e n t i o n  of 

f l u o r i d e  i n  t h a t  organ, i f  i t  followed t h e  same k i n e t i c s  a s  a f t e r  

whole body exposure, would have been detec ted .  Long term pulmonary 

r e t e n t i o n  of f l u o r i d e  w a s  only ev iden t  i n  whole body exposed r a t s ,  

r a t s  i n  which a  l a r g e  unknown source of f l u o r i d e  specula ted  t o  be 

due t o  contamination of t h e  f u r  w a s  detected.  Perhaps t h e  long 

term e leva t ions  i n  plasma f l u o r i d e  due t o  preening, l e a d  to  even 

l a r g e r  i n c r e a s e s  i n  lung f luor ide  due t o  sane undefined binding o r  

ac t ive  t r a n s p o r t  process. 



The r e t e n t i o n  c h a r a c t e r i s t i c s  of f l u o r i d e  i n  the  r a t  

fo l lowing exposure to  HE' generated by t h e  compressed gas system o r  

by the  aqueous system were not s i m i l a r .  After exposure t o  HF 

generated by t h e  aqueous system s o f t  t i s s u e s  of r a t s  conta ined 

l a r g e  amounts of f l u o r i d e  which d i d  not  respond t o  the  f l u o r i d e  ion  

s e n s i t i v e  e l ec t rode .  Th i s  f l u o r i d e  component i n  s o f t  t i s s u e s  is 

termed the  AF f r a c t i o n .  Its a n c e n t r a t i o n  was obta ined by 

s u b t r a c t i n g  t h e  measured i o n i c  f l u o r i d e  concen t ra t ion  i n  each 

t i s s u e  from the measured t o t a l  concentra t ion .  

Taves (1968a) r epor ted  t h a t  human plasma t o t a l  f l u o r i d e  

a n c e n t r a t i o n ,  measured i n  ashed samples, exceeded the  i o n i c  

f luor ide  concentra t ions  determined i n  unashed samples. H e  termed 

the d i f fe rence  " non-exchangeable f luo r  iden and found t h a t  i t  

migrated with albumin when sub jec ted  t o  e l e c t r o p h o r e s i s  (Taves, 

1968b) . I n  subsequent pur i . f i ca t ion  37% of t h i s  f r a c t i o n  was 

recovered and was found t o  have an NMR s p e c t r a  s i m i l a r  t o  a C 
6-8 

per f luoro  f a t t y  a c i d  d e r i v a t i v e  (Guy, -- e t  a l . ,  1976) . 
Per f luorof  a t t y  a c i d s  a re  used i n d u s t r i a l l y  i n  t h e  t rea tment  of 

f a b r i c s  and l e a t h e r s .  In  t h i s  same s tudy  Guy, e t  a l .  measured 

t o t a l  and i o n i c  f l u o r i d e  concen t ra t ions  i n  plasma ob ta ined  from 

people l i v i n g  i n  communities with d i f f e r i n g  l e v e l s  of f l u o r i d e  i n  

t h e  dr inking water.  N o  c o r r e l a t i o n  between dr inking water  f l u o r i d e  

concentra t ion  and l e v e l s  of plasma "organic  f l u o r i d e "  were found, 

leading t h e  authors  to  sugges t  t h a t  o rgan ic  fluorocompounds derived 

from ammer c i a 1  products  were p resen t  i n  human plasma. 



Pa t t e r son ,  e t  a l .  (1977) r epor ted  t h a t  t o t a l  f l u o r i d e  

concentra t ion  i n  t h e  s e r u m  of t h e  sheep,  r a b b i t  and r a t  exceeded 

i o n i c  f l u o r i d e  concentra t ion .  Ophaug and Singer (1977) r epor ted  

s imi la r  f indings .  These au thors  a t t r i b u t e  t h e  d i f f e r e n c e  t o  

"bound f l u o r i d e " .  In  the  present  s t u d i e s  t o t a l  f l u o r i d e  

concentra t ion  i n  plasma, lung and kidney of c o n t r o l  r a t s  

c o n s i s t e n t l y  exceeded i o n i c  f l u o r i d e  concentra t ion .  However, i n  

con t ro l  r a t s  t h e  l e v e l s  of t o t a l  and i o n i c  f l u o r i d e  were s o  low 

compared t o  the  l i m i t  of s e n s i t i v i t y  o f  the a n a l y t i c a l  methods t h a t  

no t r u e  q u a n t i t a t i v e  value fo r  the  l e v e l  of AF could be 

obtained.  I n  a l l  o the r  s t u d i e s  (Taves, 1968a; Guy, e t  a l . ,  1976; 

P a t t e r s o n ,  e t  a l . ,  1977 ; Ophaug and S inger ,  1977) t h e  

concentra t ions  of t o t a l  and i o n i c  f l u o r i d e  were a l s o  q u i t e  low, 

close t o  the  l i m i t s  of s e n s i t i v i t y  of  the a n a l y t i c a l  methods 

employed. I n  every  c a s e  AF, bound f l u o r i d e  o r  o rgan ic  f l u o r i d e  

l e v e l s  were determined i n d i r e c t l y  a s  t h e  d i f f e r e n c e  between two 

independent a n a l y t i c a l  methods. This d i f f e rence  is termed AF i n  

the  p resen t  r e p o r t  because the  a n a l y t i c a l  techniques employed 

provide no d i r e c t  information on the  n a t u r e  of t h i s  f l u o r i d e  

f r a c t i o n .  

Ophaug and Singer (1977) have repor ted  evidence t h a t  AF (or 

i n  t h e i r  terminology "bound F") is a c t u a l l y  der ived from i o n i c  

f l u o r i d e  . Unfortunately t h e r e  a r e  u n c e r t a i n t i e s  about the  

a n a l y t i c a l  methods employed by t h e s e  au thors  (Venkateswarlu, 1975) . 
These authors  maintained weanling r a t s  on a  low f l u o r i d e  d i e t  and 

d i s t i l l e d  water f o r  14  days, t r a n s f e r r e d  them to  low F d i e t  and 

dr inking water conta in ing 25 pg ~ / m l  ( a s  NaF) f o r  28 days and - 



then  re tu rned  them t o  d i s t i l l e d  water f o r  another  28 days. Bound 

f l u o r i d e  was de tec ted  i n i t i a l l y ;  its concen t ra t ion  increased whi le  

the  r a t s  were maintained on 25 pg F/ml dr inking water and then 

decreased t o  pre-exposure l e v e l s  when t h e  f l u o r i d a t e d  water was 

removed. The r a t  may respond t o  i o n i c  f l u o r i d e  i n  a  manner unl ike  

t h e  human. It  seems un l ike ly  t h a t  t h e s e  r a t s  formed p e r f l u o r o  

f a t t y  a c i d  d e r i v a t i v e s  f  ram i o n i c  f l u o r i d e ,  however, o n l y  37% of  

t h e  organic  f l u o r i d e  found i n  human plasma was so charac te r i zed .  

Perhaps the  remaining 63% of  the  "organic  f l u o r i d e n  i n  'human plasma 

is formed i n  a manner s imi la r  t o  t h e  process  i n  t h e  r a t .  I n  t h e  

p resen t  s t u d i e s  AF l e v e l s  d i d  not  appear t o  decrease  dur ing  

f luor ide  dep le t ion ,  a s  might be expected from t h e  r e s u l t s  of  Ophaug 

and Singer (1977) . No q u a n t i t a t i v e  comparison of AF l e v e l s  i n  

c o n t r o l  and f l u o r i d e  deple ted  r a t s  could be made because t h e  l e v e l s  

of AF under these  condi t ions  were s o  .law. 

AF concentra t ions  i n  s o f t  t i s s u e s  of r a t s  were increased 

over c o n t r o l  l e v e l s  by exposure t o  HI? generated by e i t h e r  t h e  

aqueous or  the  compressed gas technique. High concen t ra t ions  of 

AF were p resen t  a f t e r  aqueous system generated exposures; l o w  

l e v e l s ,  l e v e l s  wi th in  t h e  p r e c i s i o n  of t h e  a n a l y t i c a l  methods 

employed, were de tec ted  i n  s o f t  t i s s u e s  of r a t s  a f t e r  compressed 

gas generated exposures. I n  Blue Spruce r a t s  exposed t o  HE' 

generated by the  compressed gas technique i n  the  dose-response 

experiment a  dose-dependent inc rease  i n  plasma AF concen t ra t ion  

with a i rborne  HF exposure concentra t ion  .occurred ,  i n d i c a t i n g  a 

cause and e f f e c t  r e l a t i o n s h i p .  Increased AF concen t ra t ions  were 



presen t  i n  r a t s  s a c r i f i c e d  immediately a f  ter nose-only compressed 

gas technique generated HF exposure, but a f t e r  no o ther  exposure 

generated by t h i s  technique were AF concen t ra t ions  e l eva ted  over 

c o n t r o l  l e v e l s .  On t h e  b a s i s  of the  dose-response curve  ob ta ined  

i n  the  dose- response experiment e l eva ted  AF concen t ra t ions  would 

not be expected i n  any of t h e s e  o ther  exposures. A minimal, i f  

any, i n c r e a s e  i n  plasma AF concentra t ion  occurred i n  r a t s  exposed 

3 t o  11 mg F/m f o r  6 hours i n  the  dose-response experiment. I f  

t h e  a i rborne  HF concentra t ion  times time (C x T) is taken a s  a  

measure of the dose of  H F ,  i n  no o ther  experiment was the dose 

3 higher than a f t e r  the  11 mg F/m exposure. For example, t h e  C x 

T for  the  whole body HF r e t e n t i o n  experiment was 61.2 mg F-hr/m 3 

3 compared t o  66 mg F-hr/m f o r  the  11 mg ~ / m )  dose-response 

exposure. This  value f o r  t h e  nose-only HE' r e t e n t i o n  experiment 

3 using f l u o r i d e  deple ted  r a t s  was approximately 63 mg F-hr/m . I n  

a d d i t i o n  it is a l s o  expected t h a t  t h e  dose a f t e r  nose-only exposure 

is  much l e s s  than a f t e r  whole body exposure because of  the 

a d d i t i o n a l  source  of f l u o r i d e  specula ted  t o  be due to contamination 

of the f u r .  Negative AF concentra t ions  were obta ined i n  plasma 

of NaF dus t  exposed r a t s .  This  anomalous r e s u l t  p o i n t s  o u t  t h e  

problems assoc ia ted  wi th  quan t i fy ing  the  concen t ra t ion  of  a  

compound by t ak ing  t h e  d i f f e r e n c e  of two independent a n a l y t i c a l  

techniques.  

Consis tent  inc reases  i n  plasma AF concentra t ion  were not  

de tec ted  i n  Chales River r a t s  exposed t o  HF generated by t h e  

compressed gas technique. Any dose-response r e l a t i o n s h i p s  i n  t h e s e  



r a t s  may have been masked by random a n a l y t i c a l  e r r o r .  AF 

averages about  15% of t h e  t o t a l  f l u o r i d e  concen t ra t ion  i n  plasma o f  

Blue Spruce or  Char les  River r a t s  exposed to HF genera ted  by t h e .  

compressed gas technique and t h e  c o e f f i c i e n t  of v a r i a t i o n  of t h e  

measurement of AF was est imated t o  be 12.5%. 

Very high concentra t ions  of AF were presen t  i n  the  plasma, 

lung and kidney o f  Blue Spruce and Char les  River r a t s  a f t e r  

exposure t o  HF generated by the  aqueous system. I n  t h e s e  r a t s  AF 

accounted f o r  a s  much a s  80% of t h e  t o t a l  f l u o r i d e  p r e s e n t  i n  each 

s o f t  t i s s u e .  I n  a l l  three t i s s u e s ,  lung,  plasma and kidney AF 

concen t ra t ions  increased s i g n i f i c a n t l y  dur ing  t h e  post-exposure 

period.  Because of  the high concentra t ions  p resen t  i n  t h e s e  s o f t  

t i s s u e s  i t  was p o s s i b l e  t o  p a r t i a l l y  c h a r a c t e r i z e  AF. 

The AF f r a c t i o n s  i n  lung and kidney fo l lowing aqueous 

system genera ted  HF exposure have d i f f e r e n t  chemical proper t i e s  a s  

evidenced by the  e f f e c t s  of a c i d  t rea tment .  In  kidney homogenates, 

t reatment with t r i c h l o r a c e t i c  a c i d  r e s u l t e d  i n  t h e  conversion of 

67% of the f l u o r i d e  i n  the  AF f r a c t i o n  t o  a  form which responds 

t o  t h e  f l u o r i d e  ion  s e n s i t i v e  e l ec t rode .  Such t rea tment  was 

without  d e t e c t a b l e  e f f e c t  on the  AF f r a c t i o n  i n  lung homogenates. 

Potassium hydroxide d iges t ion ,  a  procedure which conver ts  t h e  

c o v a l e n t l y  bound f l u o r i d e  i n  monofluoracetate and 

monofluoroproprionate t o  t h e  f l u o r i d e  i o n ,  was without  e f f e c t  on 

lung AF suggest ing t h a t  i n  t h i s  t i s s u e  AF is not a  s imple 

monofluoro a l i p h a t i c  carbon compound. A s  d iscussed p rev ious ly  

f l u o r i d e  ion  would bind t o  s i t e s  of e c t o p i c  c a l c i f i c a t i o n .  I f  such 



sites were p resen t  i n  pulmonary and r e n a l  t i s s u e ,  b inding of  

f l u o r i d e  would be expected t o  be s t r o n g  enough t h a t  t h e  bound 

f l u o r i d e  would not  be de tec ted  u n t i l  a f t e r  ashing and d i s s o l u t i o n  

i n  ac id .  Such a process  might be occur r ing  i n  t h e s e  t i s s u e s ,  but  

it would not exp la in  the  presence of AF i n  plasma. 

Because AF was only  determined a s  the  d i f f e r e n c e  between 

t w o  independent a n a l y t i c a l  methods, it was thought t o  be important  

t o  a t  l e a s t  once s e p a r a t e  AF and i o n i c  f l u o r i d e  t o  show t h a t  a t  

l e a s t  two chemically d i s t i n c t  forms of  f l u o r i d e  a c t u a l l y  e x i s t  i n  

plasma. To t h i s  end plasma samples obtained from 5 r a t s  exposed t o  

HF generated by t h e  aqueous system were sub jec ted  t o  t h e  calcium 

phosphate adsorpt ion  technique of Venkateswarlu, e t  a l .  (1971). 

This  technique separa ted  f l u o r i d e s  on the  b a s i s  of a d s o r b a b i l i t y  

on to  c r y s t a l l i n e  calcium phosphate. Ion ic  f l u o r i d e  has a  high 

a f f i n i t y  f o r  t h i s  c r y s t a l  and can be q u a n t i t a t i v e l y  removed £ran  

s o l u t i o n  by t h i s  technique. Non-ionizable f l u o r i d e  remains i n  

so lu t ion .  The plasma samples sub jec ted  t o  t h i s  technique conta ined 

on the  average 33% i o n i c  f l u o r i d e  and 67% AF, f l u o r i d e  which d i d  

not respond t o  t h e  f l u o r i d e  i o n  s e n s i t i v e  e l e c t r o d e  u n t i l  af t e r  

ashing.  Treatment of plasma samples with calcium phosphate l e f t  

behind a s o l u t i o n  i n  which 97% of t h e  f l u o r i d e  d i d  not respond t o  

t h e  f l u o r i d e  ion  s e n s i t i v e  e l e c t r o d e  u n t i l  a f t e r  ashing.  This  

s o l u t i o n  was e s s e n t i a l l y  pure AF and contained 90% of the 

recovered AF. The remaining 10% of  the recovered AF was 

p resen t  i n  the  calcium phosphate phase and may have been t rapped 

t h e r e  during the  c e n t r i f u g a t i o n  procedure. An average of  89% of 



the  i o n i c  f l u o r i d e  o r i g i n a l l y  p resen t  was recovered i n  the  calcium 

phosphate l aye r .  The t o t a l  f l u o r i d e  recovered averaged 107% of t h e  

amount determined t o  be present  o r i g i n a l l y ,  a value w e l l  w i th in  the  

p r e c i s i o n  of t h e  t o t a l  f l u o r i d e  method. Thus, t h i s  procedure 

separa ted  plasma f l u o r i d e  i n t o  two components on the  b a s i s  of 

a d s o r b a b i l i t y  o n t o  calcium phosphate, and AF was near 

q u a n t i t a t i v e l y  recovered i n  t h e  non-ionizable f l u o r i d e  component. 

Plasma from r a t s  exposed t o  HE' generated by t h e  aqueous 

system were also sub jec ted  t o  Sephadex 6 2 5  g e l  chranatography. 

This  chromatographic procedure s e p a r a t e s  molecules on the  b a s i s  of 

molecular r a d i u s ,  a p roper ty  which is a f u n c t i o n  of t h e  molecular  

weight. According to  Determan (196 9) molecules wi th  a molecular 

weight i n  excess  of 5000 da l tons  a r e  excluded by 6 2 5  g e l  and t h u s  

migra te  wi th  the  void volume. The t o t a l  f l u o r i d e  concen t ra t ion  i n  

each e l u t i o n  sample was l c w  compared to  t h e  a n a l y t i c a l  blank, 

making q u a n t i t a t i v e  determinations of the t o t a l  f luor  ide  content  of 

each sample d i f f i c u l t .  The f l u o r i d e  p r e s e n t  i n  the  plasma sample 

subjec ted  t o  t h i s  procedure however, was a l l  recovered i n  samples 

e l u t i n g  af t e r  t h e  void volume sugges t ing  t h e  molecular  weight of 

AF is l e s s  than 5000 d a l t o n s .  I n  f a c t  84% of  the administered 

AF e l u t e d  wi th  the  bed volume sugges t ing  a very low molecular 

weight,  perhaps less than 500 da l tons  (Thomas, 1977).  This  l o w  

molecular weight agrees w e l l  with the  d i a l y z a b l e  n a t u r e  of AF i n  

kidney homogenates. I o n i c  f l u o r i d e  migrated wi th  t h e  bed volume. 

Taves (1968b) r epor ted  t h a t  the  "non-exchangeable f luor ide ' '  p resen t  

i n  human plasma was assoc ia ted  t o  albumin (molecular weight 65,000 



d a l t o n s )  . The AF i n  r a t  plasma or  kidney does not appear t o  have 

t h i s  c h a r a c t e r i s t i c .  I n  summary, i n  p lasna  and t i s s u e  of r a t s  

exposed t o  HE' generated by the  aqueous system a t  l e a s t  t w o  forms of 

f l u o r i d e  a r e  present :  one i o n i c  i n  na tu re ,  t h e  o ther  (s) c o n s i s t s  of 

l o w  molecular weight chemically d i s t i n c t  non-ionizable f l u o r i n e  

conta in ing component (s) which do not  respond t o  t h e  f l u o r i d e  ion  

s e n s i t i v e  e l e c t r o d e  unless  ashed. I t  is not known whether the  AF 

f r a c t i o n  i n  c o n t r o l  r a t  t i s s u e s  o r  i n  t i s s u e s  of r a t s  exposed to  HF 

generated by the  compressed gas technique have s i m i l a r  p r o p e r t i e s .  

The source of the AF f r a c t i o n  is unclear .  Since AF was 

determined i n d i r e c t l y  t h e  p o s s i b i l i t y  t h a t  its d e t e c t i o n  is due t o  

a n a l y t i c a l  e r r o r  or a r t i f a c t  must be m n s i d e r e d .  This  does not 

appear t o  be t h e  case. Standard f l u o r i d e  a n a l y t i c a l  methods 

(Venkateswarlu, 1977) were used f o r  a l l  de terminat ions .  F luor ide  

was q u a n t i t a t i v e l y  recovered i n  t h e  calcium phosphate adsorpt ion  

and g e l  chromatographic procedures. I n  the  adsorpt ion  technique 

each p lasna  was separa ted  i n t o  two samples, t h e  s u m  of t h e  measured 

t o t a l  or i o n i c  f l u o r i d e  content  i n  each sample equal led  w i t h i n  

a n a l y t i c a l  e r r o r  t h e  amount o r i g i n a l l y  determined t o  be p resen t  . 
S i m i l a r i l y ,  q u a n t i t a t i v e  recovery o f  t o t a l  and i o n i c  f l u o r i d e  from 

t h e  26 s e p a r a t e  samples derived from a s i n g l e  p lasna  sample by g e l  

chromatography was obtained.  The d e t e c t i o n  of AF does not appear 

t o  be due to randan a n a l y t i c a l  e r r o r  a s  t h e  frequency of occurrence  

of p o s i t i v e  AF concentra t ions  was many f o l d  g r e a t e r  than would be 

expected on a random bas i s .  That plasma AF was not occurr ing  i n  

a random fashion was shown by the  s t r o n g  c o r r e l a t i o n  of plasma AF 
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concen t ra t ion  on plasma t o t a l  f l u o r i d e  concentra t ion .  This  r e s u l t  

sugges ts  that the  AF i n  plasma is due t o  some o r d e r l y  process .  

Though t h e  p o s s i b i l i t y  cannot be t o t a l l y  e l imina ted  t h e  

presence of  AF does not appear to be due to a non-ionic f l u o r i d e  

a i rborne  contaminant i n  HE' chambers. Chamber a i r  samples f ran 

atmospheres generated by both systems were ashed and no non-ionic 

f l u o r i d e  component was de tec ted ,  however t h e  sampling system 

employed may not  have c o l l e c t e d  such a non-ionic contaminant.  No 

non-ionic f l u o r i d e  component was de tec ted  i n  t h e  aqueous 

hydrof luor ic  a c i d  used i n  the  aqueous system genera to r .  I t  is 

p o s s i b l e  t h a t  AF was p resen t  i n  t h e s e  samples bu t  a t  

concentra t ions  below t h e  l i m i t  of s e n s i t i v i t y  of t h e  a n a l y t i c a l  

methods. Increased AF concen t ra t ions  were de tec ted  i n  t i s s u e s  of 

r a t s  exposed t o  HF generated by the  t w o  systems. I f  AF was due 

t o  an a i rborne  contaminant it would have t o  have been p r e s e n t  i n  

both systems. The na tu re  of AF i n  the  lung and kidney is  not 

s i m i l a r  sugges t ing  t h a t  i f  its presence were due t o  an a i r b o r n e  

contaminant t h a t  contaminant was modified i n  vivo.  

I f  AF were an a i rborne  a n t a m i n a n t  it certainly w a s  not  

absorbed through t h e  lung. I n  r a t s  exposed t o  HF generated by t h e  

aqueous system the inc reases  i n  plasma AF dur ing the  

post-exposure period a u l d  not  be expla ined by the  l e v e l s  of AF 

i n  the  lung. In  f a c t  AF concentra t ions  i n  the  lung  inc reased  

during the  pos t-exposure period a s  w e l l .  The source of  AF may be 

t h e  f u r  o r  the  upper r e s p i r a t o r y  t r a c t .  Ashing of the  upper 

r e s p i r a t o r y  t r a c t  r i n s e s  d i d  not  r evea l  the  p resen t  of AF i n  t h i s  



s i t e ,  b u t  t h i s  procedure was performed on r a t s  exposed to  HF 

genera ted  by t h e  compressed gas system so o n l y  minimal l e v e l s  o f  

AF would be expected t o  be p re sen t .  F i n a l l y ,  n o t  o n l y  have 

non-ionic f l u o r i d e  f r a c t i o n s  been d e t e c t e d  i n  t h e  t i s s u e  of s e v e r a l  

s p e c i e s  by o t h e r  i n v e s t i g a t o r s  (Taves, 1968a; Guy, e t  a l . ,  1977; 

P a t t e r s o n ,  e t  a l . ,  1977) ,  bu t  i n  one i n v e s t i g a t i o n  i n c r e a s e d  

d i e t a r y  i o n i c  f l u o r i d e  i n t a k e  r e s u l t e d  i n  i nc reased  plasma 

non-ionic f l u o r i d e  c o n c e n t r a t i o n s  (Ophaug and S i n g e r ,  1977) . 
The d i f f e r i n g  response  w i t h  r e s p e c t  t o  AF i n  r a t s  exposed 

t o  HF genera ted  by t h e  aqueous o r  t h e  compressed gas techniques  

sugges t s  t h a t  AF is formed a t  some s i t e  i n  d i r e c t  p h y s i c a l  

c o n t a c t  w i th  HF. Ai rborne  HI? may be i n  d i f f e r i n g  p h y s i c a l  forms i n  

t h e s e  two atmospheres.  NIOSH (1976) s t a t e s  t h a t  EIF forms a  fume i n  

moist  a i r .  C e r t a i n l y  t h e  a i r  ove r  t h e  h y d r o f l u o r i c  a c i d  i n  t h e  HI? 

aqueous system is mois t .  I n  a d d i t i o n  the  p roces s  of bubbl ing  a i r  

through t h e  aqueous h y d r o f l u o r i c  a c i d  c e r t a i n l y  r e s u l t s  i n  t h e  

format ion  of a  few aqueous h y d r o f l u o r i c  a c i d  d r o p l e t s .  The HF i n  

t h e  compressed gas tank  is anhydrous and t h e  chamber r e l a t i v e  

humid i t i e s  were g e n e r a l l y  less than 25%, s o  l i t t l e  fuming might be 

expec ted  i n  t h e s e  chamber atmospheres.  I f  AF were due t o  t h e  

chemical r e a c t i o n  o f  f l u o r i d e  wi th  sane  ccwponent of b i o l o g i c  

t i s s u e s  then more might be formed i n  a r e a s  of high f l u o r i d e  

c o n c e n t r a t i o n ,  i .e. a r e a s  where d r o p l e t s  of h y d r o f l u o r i c  a c i d  

d e p o s i t .  A s i m i l a r  p rocess  has been p o s t u l a t e d  t o  be o f  some 

importance i n  t he  p o t e n t i a t i o n  of SO t o x i c i t y  by p a r t i c u l a t e  2  

NaCl (Arndur, 1957) .  C e r t a i n l y  t h e  dose dependence of  plasma AF 



concen t ra t ion  on a i rborne  HF concen t ra t ion  sugges ts  t h a t  AF is 

derived from HF. 

The e f f e c t s  of HE' exposures i n  Char les  River r a t s  provide 

some s l i g h t  evidence t h a t  the  physio logic  r e sponse ( s )  t o  i o n i c  

f l u o r i d e  and AF is d i f f e r e n t .  I n  the  dose-response experiment 

dose-response r e l a t i o n s h i p s  were e v i d e n t  i n  Blue Spruce r a t s  

between BUN and a i rborne  HF concen t ra t ion ,  BUN and plasma i o n i c  

f l u o r i d e  concentra t ion  and BUN and plasma t o t a l  f l u o r i d e  

concentra t ion .  These HF atmospheres were generated by the  

compressed gas technique. Char les  River r a t s  were exposed t o  HF 

generated by e i t h e r  the  compressed gas technique or  the  aqueous 

system. I n  t h e s e  r a t s  a  c o n s i s t e n t  r e l a t i o n s h i p  was ev iden t  o n l y  

between BUN and plasma i o n i c  f l u o r i d e  concentra t ion .  The BUN i n  

Char les  River r a t s  exposed t o  26 mg F/m3 HF or 54 mg ~ / m ~  HF 

generated by the  compressed gas technique averaged 20.9 and 30.6 

mg% r e s p e c t i v e l y ,  t h e  two values being s t a t i s t i c a l l y  d i f f e r e n t  a t  

the  pC0.05 l e v e l .  The BUN i n  Char les  River r a t s  exposed t o  84 mg 

3  F/m by t h e  aqueous system averaged 24.7 mg%, a  value between the 

l e v e l s  p r e s e n t  i n  t h e  two lower HE' exposure groups. The i o n i c  

3  f l u o r i d e  concentra t ion  i n  the  plasma of  these  84 mg F/m aqueous 

system genera ted  HF exposed r a t s  averaged between t h a t  i n  r a t s  

exposed t o  26 o r  54 mg F/m3 whi le  the  t o t a l  f l u o r i d e  

concen t ra t ion ,  due t o  l a r g e  amounts of AF, averaged 2.5 f o l d  

higher than t h a t  i n  r a t s  exposed t o  26 o r  54 mg F/m3. , Thus, a s  

measured by increased BUN, t h e  r a t  kidney does not appear t o  

respond t o  AF i n  the  same manner as i o n i c  F-. 



The blood urea n i t rogen (BUN) concen t ra t ion  is used a s  an 

i n d i r e c t  measure of r ena l  t o x i c i t y .  Urea is a major end product of 

p r o t e i n  metabolism and is excreted almost e n t i r e l y  v i a  the  kidney 

(Va l t in ,  1973). Thus, i f  kidney func t ion  were t o  be impaired and 

urea s y n t h e s i s  t o  remain unal tered ,  increased l e v e l s  of BUN would 

ensue. Because e levated  BUN l e v e l s  may r e f l e c t  increased hepa t i c  

urea s y n t h e s i s ,  t h i s  f ind ing  cannot be i n t e r p r e t e d  2 p r i o r i  t o  

i n d i c a t e  rena l  insuf f i c iency .  I n  t h e  p resen t  s t u d i e s  t h e  increased 

BUN i n  plasma of  r a t s  exposed t o  high concentra t ions  of HF for  6 

hours c o r r e l a t e d  w e l l  with t h e  presence of pathologic  l e s i o n s  i n  

the  proximal tubules of the kidney. Together, these  two f ind ings  

provide s t rong  evident  t h a t  r e n a l  t o x i c i t y  r e s u l t s  from HE' exposure. 

Whole body exposure t o  HE' r e s u l t e d  i n  proximal tubular  damage 

a s  ind ica ted  by the  presence of c e l l s  containing pyknotic nuc le i .  

I n  add i t ion ,  t h e  cytoplasm of pyknotic cells appeared e o s i n o p h i l i c  

compared t o  t h a t  of adjacent  c e l l s  which were without v i s i b l e  

nuclear damage. This r ena l  l e s i o n  tended t o  inc rease  i n  s e v e r i t y  

with inc reas ing  a i rborne  HE' exposure concentra t ion.  Tubular 

degenerat ion of the kidney, c o n s i s t i n g  of  f o c i  of pyknotic and 

ka ryo ly t i c  c e l l s  has been shown t o  occur i n  t h e  r a t  af t e r  i n j e c t i o n  

of 30 mg/kg f l u o r i d e  a s  NaF (Taylor,  e t  a l . ,  1961) . Proximal 

tubular  necros is  of t h e  r a t  kidney has been repor ted  a f t e r  two 

d a i l y  i n j e c t i o n s  of 6 mg F/kg a s  NaF (Mazze, e t  a l . ,  1972). 

Damaged c e l l s  exh ib i t ed  nuclear pyknosis and karyorrhexis and 

eos inoph i l i c  cytoplasm. These authors a l s o  repor ted  t h a t  l i t t l e  

damage was evident  i n  o the r  tubular  c e l l s .  An inc rease  i n  u r ine  



volume was r e p o r t e d  fo l lowing  both t h e s e  exposure regimens. 

Proximal t u b u l a r  pyknosis  and ka ryo r rhex i s  has been r e p o r t e d  i n  t h e  

r a t  kidney 4 hours  a f t e r  a  1 5  minute exposure t o  high l e v e l s  of HF 

( g r e a t e r  than 480 mg ~ / m ~ ,  a c t u a l  a i r b o r n e  c o n c e n t r a t i o n  unc lear  ) 
f .  

f o r  1 5  minutes  (Rosenholtz ,  e t  a l . ,  1963) . The s i m i l a r i t y  of 

e f f e c t s  r epo r t ed  i n  t h e s e  f l u o r i d e  t r e a t e d  rats and i n  HF exposed 

r a t s  i n d i c a t e s  t h e  h igh  p r o b a b i l i t y  t h a t  t h i s  r e n a l  damage is due 

t o  f l u o r i d e  i n t o x i c a t i o n .  The p r e s e n t  s t u d y  is  the  o n l y  one which 

g ives  t i s s u e  f l u o r i d e  c o n c e n t r a t i o n s  t o  c o r r e l a t e  wi th  t h i s  

e f f e c t .  C o r r e l a t i o n  o f  r e n a l  e f f e c t s  w i th  a i r b o r n e  HF 

c o n c e n t r a t i o n  may not  be t o t a l l y  a p p r o p r i a t e  because o f  the e f f e c t s  of 

preening .  

I n  whole body exposed r a t s  s a c r i f i c e d  6 hours  a f t e r  t h e  end 

of a  6  hour exposure  t o  HF,  marked i n c r e a s e s  i n  BUN o r  i n  r e n a l  

pathology were n o t  apparent  un le s s  the  plasma f l u o r i d e  

c o n c e n t r a t i o n  was higher  than 2 pg/ml a t  t h e  t i m e  o f  s a c r i f i c e .  

T h i s  is cons ide red  t o  be a  t o x i c  f l u o r i d e  l e v e l .  P l a s n a  f l u o r i d e  

concen t r a t ions  i n  r a t s  i n t u b a t e d  w i t h  an LD50 dose  of f l u o r i d e  (25 

mg F/kg a s  NaF) averaged 9.8 pg/ml 1 5  minutes  a f t e r  dos ing  and 

1.5 p g / d  8-12 hours  a f t e r  dosing.  (de Lopez, e t  a l . ,  1976) .  

Blood f l u o r i d e  c o n c e n t r a t i o n s  were 3 and  4 p g / d  i n  t w o  human s u b j e c t s  

who d i e d  4 and 10  hours a f t e r  a c c i d e n t a l  exposure  t o  H F  (Greendyke 

and Hodge , 1964) . Death was a t t r i b u t e d  t o  pulmonary edema. 

A l t e r a t i o n s  i n  g lucose  metabolism a s  measured by 14 
C02 

e x p i r a t i o n  du r ing  i n f u s i o n  of 14~-g lucose ,  have been shown t o  

occur  i n  r a t s  with plasma f l u o r i d e  c o n c e n t r a t i o n s  i n  t h i s  r ange  



(Knaus, 1970) .  Cont inuous i n t r avenous  i n f u s i o n  w i t h  1.0 mg F/hour  

14 (as NaF) f o r  2  hours  r e s u l t e d  i n  a  20% r e d u c t i o n  i n  C02 

e x p i r a t i o n .  P l a s n a  f l u o r i d e  c o n c e n t r a t i o n s  a t  t h i s  time were 

approximate ly  4  pg/ml. I n f u s i o n  of  f l u o r i d e  a t  t h e  same r a t e  f o r  

l onge r  p e r i o d s  or a t  h igher  r a t e s  f o r  t h e  same p e r i o d  r e s u l t  i n  a  

g r e a t e r  r e d u c t i o n  i n  14C02 p roduc t ion .  Data on t h e  v e n t i l a t i o n  

r a t e s  d u r i n g  t h e s e  exposures  was not  g iven ,  b u t  f l u o r i d e  i n h i b i t s  

s e v e r a l  e n y m e s  i n  t h e  g l y c o l y t i c  pathway (Wisenan, 1966) . 
P o l y u r i c  r e n a l  damage i n  t h e  r a t  has been a s s o c i a t e d  wi th  

much lower plasma f l u o r i d e  c o n c e n t r a t i o n s .  Whi t f o r d  and Taves 

(1973) observed  a  dose-dependent i n c r e a s e  i n  u r i n e  flow r a t e  i n  

200g female  Sprague-Dawley rats i n t r a v e n o u s l y  i n f  used w i t h  v a r i o u s  

c o n c e n t r a t i o n s  o f  NaF f o r  3  hours.  A t  t h e  l o w e s t  i n f u s i o n  r a t e ,  

0.06 mg F/hour , u r i n e  f l aw  r a t e s  were inc reased  by an average  o f  

65% (p<0.001) . Inc reased  u r i n e  f l aw  r a t e s  were e v i d e n t  a f t e r  

o n l y  1 hour of i n fus ion .  P l a s n a  f l u o r i d e  c o n c e n t r a t i o n s  averaged  

0.6 pg/ml i n  t h e s e  r a t s  a f t e r  3  hours  i n f u s i o n .  Plasma f l u o r i d e  

c o n c e n t r a t i o n s  averaged 0.5 pg/ml i n  r a t s  s a c r i f i c e d  immediately 

3  a f t e r  whole body exposure  t o  10.2 mg F/m f o r  6  hou r s .  Plasma 

f l u o r i d e  c o n c e n t r a t i o n s  also averaged 0.5 pg/ml i n  r a t s  

s a c r i f i c e d  6  hours a f t e r  t h e  exposure ,  however no d i u r e t i c  e f f e c t  

was n o t i c e d  du r ing  t h i s  6  hour p e r i o d  or du r ing  a n y  o t h e r  

post-exposure per iod .  T h i s  may be due to  s e x  or s t r a i n  

d i f f e r e n c e s .  Mazze, -- e t  a l .  (1973) showed t h a t  a  dose  regimen ( 6 . 3  

mg F/kg/day a s  N a F  i . p .  f o r  5  days)  which r e s u l t e d  i n  a  4-fold 

i n c r e a s e  i n  u r i n e  volume i n  F i she r  344 r a t s  was wi thout  e f f e c t  i n  



Buff a10 s t r a i n  r a t s .  The human is s e n s i t i v e  to  f l u o r i d e  induced 

d i u r e s i s .  D i u r e t i c  e f f e c t s  of methoxyflurane a n a e s t h e s i a  have 

been shown i n  man w i t h  peak plasma i o n i c  f l u o r i d e  c o n c e n t r a t i o n s  

of 1.0 pg/ml (Cousins and Mazze, 1973) . During metabol ism t h e  

f l u o r i d e  i o n  is r e l e a s e d  from methoxyf l u r a n e  . A d i u r e t i c  

response  may have occur red  i n  r a t s  exposed to  HF i n  t h e  

dose-response experiment .  The u r i n e  e x c r e t e d  from t h e  6 hour 

exposure pe r iod  from each group o f  r a t s  w a s  pooled so o n l y  one 
Q 

u r i n e  volume f o r  each dose was ob t a ined .  These volumes i n  c o n t r o l ,  

3 3 11 mg F/m and 27 mg F/m exposed r a t s  were 0.5, 1.2 and 2.8 

ml / r a t  r e s p e c t i v e l y .  The i n t e r p r e t a t i o n  of  t h e s e  r e s u l t s  is n o t  

c l e a r  c u t  because du r ing  a s i m i l a r  p e r i o d  i n  t h e  HI? whole body 

r e t e n t i o n  experiment  c o n t r o l  r a t s  e x c r e t e d  a mean volume o f  2.3 

ml / ra t .  I nc reased  u r i n e  volumes were n o t  d e t e c t e d  i n  r a t s  i n f u s e d  

i n t r a v e n o u s l y  w i t h  10.8 pg F/min f o r  1 hour even though t h i s  

i n f u s i o n  r a t e  was 10  t imes t h e  l owes t  e f f e c t i v e  dose o f  Whi t ford  

and Taves (1973) . Spec ie s  or s e x  d i f f e r e n c e s  might e x p l a i n  t h i s  

d i sc repancy .  F l u o r i d e  d e p l e t e d  r a t s  nose-only exposed to 63 mg 

J?/m3 f o r  1 hour may have e x c r e t e d  more u r i n e  than  t h e  c o n t r o l  

group du r ing  t h e  0-7 hour expe r imen ta l  p e r i o d ,  hawever, t h e  mean 

u r i n e  volumes i n  t h e s e  t w o  groups were n o t  s t a t i s t i c a l l y  d i f f e r e n t  

i f  d a t a  from e v e r y  r a t  i n  each group was inc luded  i n  t h e  a n a l y s i s .  

Excre ted  u r i n e  volume du r ing  t h i s  p e r i o d  was no d i f f e r e n t  from 

c o n t r o l  l e v e l s  i n  normal f l u o r i d e  d i e t  r a t s  nose-only exposed to 75 

mg ~ / m ~  f o r  1 hour.  I n  summary, a c l e a r  c u t  d i u r e t i c  r e sponse  

d id  not, occur i n  ra ts  exposed t o  El? by e i t h e r  t h e  nose-only or 

whole body r o u t e .  



A c o n s i d e r a b l e  d i u r e s i s  r e s u l t e d  from 6 'hour  whole body 

3 exposure t o  24 mg F/m N a F .  Maximal 24 hour u r i n e  volume 

occu r red  on t h e  t h i r d  day a f t e r  t h e  s t a r t  of exposure.  During t h i s  

t i m e  exposed r a t s  exc re t ed  n e a r l y  4 times more u r i n e  than  

c o n t r o l s .  Ur ine  s p e c i f i c  g r a v i t y  was decreased by exposure.  The 

mean s p e c i f i c  g r a v i t y  was l cwes t  i n  u r i n e  c o l l e c t e d  on t h e  t h i r d  

exper imenta l  day. No change i n  p r o t e i n  e x c r e t i o n  was e v i d e n t  a t  

any t i m e  du r ing  the  8 day  post-exposure pe r iod  i n d i c a t i n g  t h a t  i n  

t h e  r a t  t h i s  is .a very  i n s e n s i t i v e  i n d i c a t o r  o f  f luor ide- induced  

r e n a l  t o x i c i t y .  From the  femoral  f l u o r i d e  con ten t  and u r i n a r y  

f l u o r i d e  e x c r e t i o n  of t h e s e  NaF exposed ra ts  it was e s t ima ted  t h a t  

24 mg f l u o r i d e  w a s  absorbed a s  a  r e s u l t  of exposure compared t o  an 

e s t i m a t e  of on ly  4.5 mg f l u o r i d e  i n  t h e  whole-body exposed HE' 

r e t e n t i o n  experiment and 0.8 mg i n  t h e  nose-only f l u o r i d e  d e p l e t e d  

r a t  nose-only experiment .  The l a r g e  dose r ece ived  by t h e  NaF 

exposed an imals  may e x p l a i n  t h e  g r e a t e r  d i u r e t i c  response .  

Urine volume and s p e c i f i c  g r a v i t y  were s e n s i t i v e  measures of 

f l u o r i d e -  induced r e n a l  t o x i c i t y  i n  NaF d u s t  exposed r a t s .  Whi tf osd 

and Taves (1973) r epo r t ed  a  dose-dependent dec rease  i n  u r i n e  

osmolar i t y  accompanied t h e  d i u r e s i s  . Perhaps f u t u r e  s t u d i e s  of 

e f f e c t s  of o c c u p a t i n a l  exposure t o  f l u o r i d e  shou ld  i n c l u d e  t h e s e  

parameters  a s  measures of p o s s i b l e  nephro tox ic  e f f e c t s  . Previous  

i n v e s t i g a t i o n s  us ing  medical  h i s t o r y  and p h y s i c a l  examinat ion (Rye, 

1961; K a l t r e i d e r ,  e t  a l . ,  1972) and/or u r i n a r y  p r o t e i n  e x c r e t i o n  

(Derryberry,  e t  a l . ,  1963; Dinman, e t  a l ,  1976) d i d  not  d e t e c t  any 

e f f e c t  of occupa t iona l  f l u o r i d e  exposure on r e n a l  func t ion .  There 



a r e  t h r e e  i s o l a t e d  r e p o r t s  of increased  u r i n e  volume i n  humans 

exposed t o  a i r b o r n e  f l u o r i d e s ,  however , i n  each c a s e  f l u o r i d e  

exposure is not  t h e  o n l y  e x p l a n a t i o n  of  the  r e s u l t s .  Rye (1961) ,  

i n  fo l lowing  t h e  u r i n a r y  f l u o r i d e  e x c r e t i o n  i n  a  one i n d i v i d u a l  

exposed t o  a i r b o r n e  f l u o r i d e s  i n  a  rock phosphate  p l a n t  no t i ced  

t h a t  t h e  i n d i v i d u a l  exper ienced  p e r i o d i c  ep i sodes  of  d i u r e s i s .  

These d i u r e t i c  pe r iods  d i d  not  occur on weekends and were n o t  

r e l a t e d  t o  i nc reased  f l u i d  in t ake .  One of two i n d i v i d u a l s  exposed 

3  t o  3.3 mg F/m gaseous f l u o r i d e s  f o r  8  hours  i n  an i n v e s t i g a t i o n  

of  f l u o r i d e  metabolism (Co l l ings ,  e t  a l . ,  1951) expe r i enced  a  

d i u r e s i s  on t h e  day fo l lowing  exposure,  b u t  t h e  au thor  e x p l a i n s  t he  

phenomemn m t h e  b a s i s  of t h e  s l i g h t l y  i n c r e a s e d  f l u i d  i n t a k e  

neces sa ry  t o  ma in t a in  u r i n e  f low r a t e s  high enough f o r  2  hour u r i n e  

c o l l e c t i o n s .  Zober , e t  a l .  (1977) c o l l e c t e d  24-hour u r i n e  samples 

from 18  i n d i v i d u a l s  exposed t o  HE' i n  t h e  g l a s s  i n d u s t r y  and from 9  

c l e r i c a l  personnel  f r m  t h e  same p l a n t  who were not  exposed t o  HF. 

The au thor  r e p o r t s  each i n d i v i d u a l  u r i n e  volume, b u t  does not  

 discus^ them. The volume of u r i n e  e x c r e t e d  i.n 2 4  hnnts  hy t h e  HF 

exposed group was 1639 - + 136 m l  (mean 2 S.E.M.) compared to  1203 + 
111 f o r  t h e  c o n t r o l  group. These t w o  groups a r e  s i g n i f i c a n t l y  

d i f f e r e n t  a t  t h e  pC0.05 l e v e l s .  The exposed group,  i f  t h e i r  j ob  

e n t a i l e d  phys i ca l  l a b o r  i n  t h e  hot  environment of a  g l a s s  

manufactur ing p l a n t  may w e l l  have consumed more water than  t h e  

c o n t r o l  group. Data on water  consumption was not  given.  Only one 

a i r b o r n e  f l u o r i d e  de t e rmina t ion  was made a t  each o f  the  5  p l a n t  

l o c a t i o n s  where t h e s e  i n d i v i d u a l s  worked and t h e  a i r  sampler  



placement a t  each l o c a t i o n  may n o t  have been a p p r o p r i a t e  bu t  t h e  

3 a i r b o r n e  HF c o n c e n t r a t i o n s  ranged from 0.6 - 14.4 mg F/m . The 

N.I.O.S.H. recommended s t a n d a r d  is 2.5 mg ~ / m ~  (NIOSH, 1976) .  

The r e s u l t s  of t h s e  t h r e e  i n v e s t i g a t i o n s  c e r t a i n l y  do n o t  i n d i c a t e  

t h a t  n e p h r o t o x i c i t y  r e s u l t s  from exposure t o  low l e v e l s  of 

a tmospheric  f l u o r i d e ,  however, t h e y  do p o i n t  o u t  t h e  need f o r  

f u r t h e r  i n v e s t i g a t i o n s  on t h e  a f f e c t s  of occupa t iona l  f l u o r i d e  

exposure on r e n a l  f u n c t i o n .  

Pulmonary f u n c t i o n ,  a s  measured by f o r c e d  e x p i r a t i o n s ,  was 

unaf fec ted  i n  231 employees exposed t o  HE' and o t h e r  a tmospher ic  

f l u o r i d e s  i n  t h e  aluminium i n d u s t r y  ( K a l t r e i d e r  , et &. , 1972) . A 

s l i g h t  i n c r e a s e  i n  pulmonary d i s e a s e  d e t e c t e d  by c h e s t  r ad iog raphs ,  

p h y s i c a l  examinat ion and medical  h i s t o r y  was r e p o r t e d  i n  employees 

exposed t o  a i r b o r n e  f l u o r i d e s  i n  a phosphate  f e r t i l i z e r  p l a n t  by 

Derryber ry ,  e t  a l .  (1963).  However, s e v e r a l  o t h e r  i n v e s t i g a t i o n s  

on occupa t iona l  exposure  t o  f l u o r i d e s  u s ing  s i m i l a r  d i a g n o s t i c  

techniques  d e t e c t e d  no i n c r e a s e  i n  pulmonary d i s e a s e  i n  f l u o r i d e  
" : *  

exposed i n d i v i d u a l s  (Machle and Evans, 1940 ; Rye, 1961; K a l t r e i d e r  , 

e t  a l . ,  1972) .  Accidenta l  exposure t o  high c o n c e n t r a t i o n s  of HF -- 
can l e a d  t o  massive f a t a l  pulmonary edema (Greendyke and Hodge, 

1964) . Pulmonary edema and hemorrhage o f  the  l u n g s  has been shown 

t o  occur  i n  s e v e r a l  s p e c i e s  a f t e r  exposure  t o  h igh  c o n c e n t r a t i o n s  

of HF (Machle, e t  a l . ,  1934; Wohlslagel ,  e t  a l . ,  1976; D i  Pasquale  

and Davis ,  1971) .  S e v e r a l  s p e c i e s  a l s o  developed pulmonary edema 

3 dur ing  exposure t o  25 mg F/m HF, 6 hours  per day, 6 days  per 

week f o r  5 weeks (S tokinger  , 1949) . Pulmonary edema was not a 



common f ind ing  i n  r a t s  exposed by the  regimens used i n  the  p resen t  

s t u d i e s .  

Rats  exposed to  HF generated by the  compressed gas technique 

d i d  not develop pulmonary edema. L igh t  microscopy and lung w e t  

weight t o  d r y  weight r a t i o s  were used t o  a s sess  edema. A s  

d iscussed by Staub (1974),  measurement of  lung w e t  weight t o  d r y  

weight r a t i o  is the m o s t  s e n s i t i v e  measure of lung water con ten t .  

A 10% i n c r e a s e  i n  lung water con ten t  would have been detec ted  by 

t h i s  technique. An inc rease  i n  water content  of t h i s  magnitude 

would i n  a l l  p r o b a b i l i t y  be r e f l e c t e d  h i s t o l o g i c a l l y  a s  

i n t e r s t i t i a l  swel l ing  (Staub, 1974). I t  was not p o s s i b l e  t o  a s s e s s  

any i n c r e a s e s  i n  t h e  pe r ib ronch ia l  or pe r ivascu la r  i n t e r s  ti t i a l  

space h i s t o l o g i c a l l y  because of  the under l y i n g  pulmonary d i s e a s e  i n  

t h e  r a t s  used i n  t h i s  study. No a l v e o l a r  f lood was seen i n  any 

lung s e c t i o n .  

Ekposure t o  HF generated by the  aqueous system r e s u l t e d  i n  a 

s l i g h t  i n c r e a s e  i n  pulmonary water con ten t  i n  Blue Spruce r a t s  but  

not i n  r a t s  obtained from Char les  River Labora tor ies .  The 

pulmonary f luor ide  burden a t  s a c r i f i c e  was s i m i l a r  i n  both groups 

of r a t s  sugges t ing  t h a t  the  Blue Spruce r a t s  were more s u s c e p t i b l e  

t o  HF-induced pulmonary edema than  t h e  Char les  River r a t s .  The 

d i f f e r i n g  response of Blue Spruce r a t s  exposed , to  HF genera ted  by 

t h e  compressed gas or aqueous system may be due t o  d i f f e r e n c e s  i n  

the  r eg iona l  deposi t ion  of t h i s  gas i n  the  r e s p i r a t o r y  t r a c t .  A 

f r a c t i o n  of t h e  atmospheric HF may e x i s t  a s  a fume or  a m i s t  i n  

aqueous system generated atmospheres. This fume, i f  it e x i s t s ,  may 



p e n e t r a t e  t o  the  lower airways more e f f i c i e n t l y  than gaseous HF 

and, t h e r e f o r e ,  r e s u l t  i n  increased pulmonary damage. Comparison 

of pulmonary f l u o r i d e  burdens i n  r a t s  a f t e r  exposure t o  HF 

generated by t h e  aqueous or compressed gas system might be expected 

t o  provide some information on the  process ,  however, t h e  marked 

d i f fe rence  between the  r e l a t i v e  propor t ions  of i o n i c  F- and AF 

i n  t h e  lungs of r a t s  exposed to  HF generated by t h e s e  t w o  

techniques makes d i r e c t  compar i sons  impossible . S l i g h t  inc reases  

i n  lung water content  occurred a f t e r  whole body NaF exposure. 

Perhaps the f l u o r i d e  ion  p lays  some r o l e  i n  edema development i n  

animals exposed t o  high concentra t ions  o f  HF. One would s u s p e c t ,  

however, that the a c i d i t y  o f  HF would be of  primary importance f o r  

the  d e v e l o p e n t  of pulmonary edema. 

Rosenholtz, e t  a l .  (1963) r epor ted  mucosal and submucosal 

nec ros i s  accompanied by an a c u t e  inflammatory response of t h e  

a n t e r i o r  nasa l  c a v i t y  of r a t s  a f t e r  exposure t o  l e t h a l  

concentra t ions  of  H F  y e t  no pulmonary damage was noted. I t  was 

s t a t e d  t h a t  lung s e c t i o n s  were examined s o  the  l a c k  o f  comment on 

pulmonary damage implies t h a t  none was noted. The pulmonary 

e f f e c t s  observed i n  the  p resen t  s t u d i e s  a r e  q u i t e  s i m i l a r  t o  those  

of  Rosenholtz, et a l . ,  (1963). N o  pulmonary e f f e c t .  were observed 

fol lowing whole body rPF exposure, even i n  r a t s  succumbifig to  the 

HF. I n j u r y  t o  t h e  n a s a l  cav i ty ,  as evidenced by d ischarge  of  f l u i d  

from the na res ,  d i d  occur f o l l w i n g  exposure t o  high 

concentra t ions .  These t o x i c  e f f e c t s  c o r r e l a t e  we l l  with t h e  

r eg iona l  deposi t ion  p a t t e r n  Of inhaled HF. Greater  t h ~ i  993 o f  



inhaled HF depos i t s  i n  the  upper r e s p i r a t o r y  t r a c t  and t h i s  is the 

s i t e  t h a t  appears t o  be in ju red .  

Rats  dying a f t e r  exposure t o  the  HF were experiencing 

r e s p i r a t o r y  d i s t r e s s .  The f i n a l  a c t s  of t h e s e  r a t s  was gasping f o r  

a i r .  It was a f t e r  t h e s e  l a r g e  abdominal b rea ths  t h a t  f l u i d  was 

discharged £ran t h e  nares.  The lung w e t  weight t o  dry  weight r a t i o  

i n  t h e s e  r a t s  was s i g n i f i c a n t l y  l e s s  than i n  c o n t r o l s .  In  the  

i s o l a t e d  c a t  lung,  hypoxia r e s u l t e d  i n  a s i g n i f i c a n t  decrease  i n  

the p l m o n a r y  ex t ravascu la r  water content  (Dawson, e t  a l . ,  1978) . 
I t  appears t h a t  t h e s e  r a t s ,  being unable t o  b rea th  through t h e  

mouth, ( r a t s  are not mouth b rea the r s )  a r e  dying of  anoxia because 

t h e  n a s a l  passages a r e  blocked with f l u i d .  

Machle, et a. (1934) noted t h a t  a s  HF exposure concen t ra t ion  

inc reased  t h e  period between exposure and death  shortened.  A 

s imi la r  e f f e c t  was noted i n  the  p resen t  i n v e s t i g a t i o n s .  While 

3 exposure t o  148 o r  179 mg F/m f o r  6 hours r e s u l t e d  i n  100% 

m o r t a l i t y ,  a l l  r a t s  exposed t o  t h e  lower concen t ra t ion  survived t h e  

exposure and succumbed during t h e  p s t - e x p o s u r e  period and 4 of  the 

6 r a t s  exposed t o  the  higher concentra t ion  succumbed dur ing t h e  

exposure. The dose-mortal i ty curve f o r  HE' exposure under t h e s e  

condi t ions  appears to be f a i r l y  s teep .  During t h e  12  hour 

experimental  period. no m o r t a l i t y  was evident  i n  r a t s  exposed t o  116 

3 mg F/m whi le  100% m o r t a l i t y  r e s u l t e d  from exposure t o  148 mg 

3 F/m . In  two i n v e s t i g a t i o n s  ( D i  Pasquale and Davis, 1971; 

Wohlslagel,  e t  a l . ,  1976) marked d i f f e r e n c e s  i n  t h e  LC50 o f  HF i n  

the mouse and r a t  were repor ted .  In both r e p o r t s  the LC50 i n  the  



mouse was approximately one- th i rd  of  t h a t  f o r  the  r a t .  Deaths were 

a t t r i b u t e d  t o  pulmonary edema. Perhaps the  upper r e s p i r a t o r y  t r a c t  

of the mouse c o l l e c t s  HF less e f f i c i e n t l y  than that of the r a t .  

Machle, e t  a l .  (1934) a l s o  noted t h a t  exposure t o  H F  slowed 

the r e s p i r a t o r y  r a t e ,  p a r t i c u l a r l y  i n  the  r a b b i t .  A s imi la r  e f f e c t  

was seen  i n  t h e  anaes the t i zed  r a t  dur ing  nose-only exposure t o  HF. 

Canpounds which r e a c t  with the  ending of  the t r igemina l  nerve i n  

t h e  nasa l  r e s p i r a t o r y  epi the l ium and produce a r e f l e x  depress ion i n  

the  r e s p i r a t o r y  r a t e  a r e  termed sensory  i r r i t a n t s  ( A l a r i e ,  1973) . 
These compounds evoke a burning s e n s a t i o n  i n  t h e  n a s a l  passages and 

induce t e a r i n g .  Humans exposed t o  48 mg F/m3 HE' experienced 

marked nasa l  i r r i t a t i o n .  I n  t h e  p resen t  s t u d i e s  and i n  t h o s e  of 

Rosenholtz, e t  a l .  (1963) r a t s  exposed to  high concen t ra t ions  of H F  

e x h i b i t e d  marked lacr imat ion .  These results i n  t o t o  provide s t r o n g  

evidence t h a t  HE' is a sensory  i r r i t a n t .  The high depos i t ion  of H F  

i n  t h e  nasa l  c a v i t y  is c e r t a i n l y  c o n s i s t e n t  with t h i s  hypothesis .  

I n  add i t ion  t o  experiencing n a s a l  i r r i t a t i o n ,  humans exposed 

3 t o  26 mg F/m HE' experienced t i c k l i n g  and discomfort of the 

l a r g e r  airways (Machle, e t  a l . ,  1934) sugges t ing  t h a t  t h e  human 

nose is not a s  e f f i c i e n t  a t  m l l e c t i n g  HF a s  the r a t  nose. Largent 

(1961) r epor ted  that humans exposed t o  1.2-4 mg F/m3 experienced 

nasa l  i r r i t a t i o n ,  but no mention of i r r i t a t i o n  t o  t h e  lower airways 

was made. Perhaps a t  a i rborne  HF concentra t ions  below the  

3 recommended a i rborne  occupat ional  s tandard  of 2.5 mg F/m (NIOSH, 

1976) deposi t ion  o f  HF i n  the  upper r e s p i r a t o r y  t r a c t  of humans is 

complete . 



I f  the deposi t ion ,  d i s t r i b u t i o n  and excre t ion  of inhaled HF 

is smewhat s imi la r  i n  t h e  man and t h e  r a t  t h e s e  s t u d i e s  suggest  a  

novel approach toward determining the  e x t e n t  of exposure t o  HI?. 

Current ly ,  N. I. 0. S. H. (1976) recommends monitoring of ur inary  

f luor ide  excre t ion  as t h i s  measure and the  r e s u l t s  of t h i s  s tudy 

corroborate  t h e  usefulness  of t h i s  as  a  tool .  F luor ide  which has 

been excreted i n  the  u r ine  represen t s  fIF which has been inhaled  

sane time previously.  I n  t h e  r a t  following 1 hour nose-only 

exposure t o  HI? the ur ine  contained on ly  2% of the es t imated inhaled  

dose. A t  t h i s  time l a r g e  amounts of f l u o r i d e  could be e a s i l y  

removed from the upper r e s p i r a t o r y  t r a c t .  Perhaps measurement of 

t h e  f luor ide  concentra t ion i n  nasa l  mucous might be a good t o o l  t o  

assess  the e x t e n t  of exposure occurr ing j u s t  p r i o r  t o  sample 

co l l ec t ion .  Such a procedure might be p a r t i c u l a r l y  use£ ul i n  

t r y i n g  t o  determine the  ex ten t  of an acute  exposure a f t e r  an 

acc iden t  involving HF. 

I f  a  l a r g e  f r a c t i o n  of inhaled HI? depos i t s  i n  the  upper 

r e s p i r a t o r y  t r a c t  of t h e  human a s  suggested by t h e  depos i t ion  

p a t t e r n  i n  the  r a t  then add i t ion  of p a r t i c u l a t e  matter  might 

i n c r e a s e  t h e  t o x i c i t y  of  HI? i f  the  gas were t o  adsorb t o  t h e  

p a r t i c l e s  and be c a r r i e d  i n t o  the  lung.  A s imi la r  mechanism has 

been pos tu la ted  t o  be of importance i n  t h e  p o t e n t i a t i o n  of t h e  

response t o  SO2 and formaldehyde by sodium ch lo r ide  ae roso l  

(Arndur, 1959). The add i t ion  of alumina dus t  has been shown t o  be 

without  e f f e c t  on m o r t a l i t y  caused by high a i rborne  concentra t ions  

of  H F  (Wohlslagel, 1976).  I n  i i g h t  of t h e  high a t f i n i t y  6f 



f luoride for  calcium phosphate i t  would be i n t e r e s t i n g  to 

i n v e s t i g a t e  t h e  e f f e c t s  of phosphate dusts  on HE' t o x i c i t y .  Humans 

are exposed to both HE' and phosphate dusts  i n  the manufacture of 

phosphoric a c i d  and phosphate f e r t i l i z e r s .  



SUMMARY 

The experiments descr ibed i n  t h i s  t h e s i s  provide q u a n t i t a t i v e  

information on the  absorpt ion ,  d i s t r i b u t i o n  and excre t ion  of  

inhaled  hydrogen f l u o r i d e  . Tota l  (ashed samples) and/or i o n i c  

(unashed samples) f l u o r i d e  concentra t ion  i n  lung, plasma, kidney, 

t rachea ,  femur, u r ine  and f e c e s  o f  male Long Evans r a t s  a f t e r  6 

hour whole body H F  exposure o r  1 hour nose-only HE' exposure were 

determined. The d i f f e r e n c e  between t o t a l  and i o n i c  f l u o r i d e  

concentra t ion  i n  lung, plasma and kidney a f t e r  HF exposure is 

r e f e r r e d  t o  a s  the  AF f r a c t i o n  and is a t t r i b u t e d  t o  the  presence 

of a f l u o r i d e  spec ie  (s) which does not respond t o  t h e  f l u o r i d e  ion  

s e n s i t i v e  e l ec t rode .  

After  whole body exposure u r i n a r y  f l u o r  ide  e x c r e t i o n  was many 

times g r e a t e r  than could be expla ined by t h e  amount o f  HE' inhaled .  

The experiments performed i n d i c a t e  t h a t  a i rborne  HF d e p o s i t s  on the  

f u r  dur ing  exposure and is then inges ted  i n  t h e  course  of preening 

a c t i v i t y .  I n  r a t s  s a c r i f i c e d  6 hours a f t e r  6 hour whole body 

exposure t o  d i f f e r e n t  concentra t ions  of  H F  generated by d i l u t i n g  

the  ou tpu t  of a compressed gas cy l inder  conta in ing 1% HF i n  

n i t rogen dose-dependent i n c r e a s e s  i n  t o t a l  and i o n i c  lung,  plasma 

and kidney f l u o r i d e  concentra t ions  occurred. Plasma i o n i c  f l u o r i d e  

concentra t ion  averaged from 0.6 pg/ml or 5.7 pg/ml a f t e r  

exposure t o  11 or  116 mg ~ / m ~ ,  r e s p e c t i v e l y  ( c o n t r o l  value 0.03 

ug/ml). Renal t o x i c i t y ,  ind ica ted  by increased plasma urea 

l e v e l s  and pyknosis of t h e  proximal tubu la r  epi the l ium was 

assoc ia ted  wi th  plasma i o n i c  f l u o r i d e  concentra t ions  i n  excess of 



2.0 pg/ml. A dose-dependent inc rease  i n  plasma AF wi th  

a i rborne  HE' concentra t ion  was a l s o  evident .  Plasma AF was 

s t r o n g l y  c o r r e l a t e d  with t h e  l o g  of t h e  plasma t o t a l  f l u o r i d e  

concentra t ion .  Plasma AF concentra t ions  a f t e r  exposures 

generated by t h i s  technique averaged 7-18% of t h e  t o t a l  f l u o r i d e  

concentra t ion .  

High AF concentra t ions  were p resen t  i n  lung,  plasma and 

kidney of r a t s  whole body exposed to  HF generated by bubbling c lean  

room a i r  through aqueous hydrof luor ic  ac id .  I n  some cases  AF 

accounted f o r  80% of the  t o t a l  f l u o r i d e  p resen t .  Sephadex G-25 g e l  

chromatography of  plasma suggested t h a t  the  molecular weight of  

AF was l e s s  than 5000 da l tons .  Plasma AF could be separa ted  

from plasma i o n i c  F- by the  calcium phosphate adsorpt ion  

technique o f  Venkateswarlu, e t  a l .  (1971) i n d i c a t i n g  t h a t  t h e  

f l u o r i d e  i n  t h i s  f r a c t i o n  was non-ionizable. 

Urinary f l u o r i d e  exc re t ion  was e leva ted  immediately a f t e r  1 

hour nose-only exposure t o  63 mg F/m3 (generated by the 

compressed gas technique) .  Approximately 90% of the  exess  f l u o r i d e  

exc re ted  a s  a r e s u l t  of  exposure was e l iminated  wi th in  24 hours of 

t h e  s t a r t  of  exposure, the  remaining 10% being excre ted  between 24 

and 48 hours. A mean of  22% ( s t d .  dev. 5%) o f  i n t r a p e r i t o n e a l l y  o r  

i n t r a t r a c h e a l l y  i n j e c t e d  f l u o r i d e  ( a s  NaF) was exc re ted  by t h e  r a t  

wi th in  24 hours. Excess u r i n a r y  f l u o r i d e  exc re t ion  was not  
\ 

de tec ted  a f  t e r  t h a t  time. Af t e r  nose-only exposure u r ina ry  

f l u o r i d e  exc re t ion  accounted f o r  approximately twice t h e  f l u o r i d e  

es t imated  t o  be inhaled.  The amount of  f l u o r i d e  on t h e  f u r  

covering the  nose was of  s u f f i c i e n t  magnitude t o  account f o r  t h e  

d i f f e r e n c e .  



Tissue f l u o r  ide  concentra t ions  were e l eva ted  by nose-only 

exposure and quickly  re turned t o  c o n t r o l  l e v e i s  . Plasma f l u o r i d e  

concentra t ion  was s l i g h t l y  e l eva ted  24 hours a f t e r  the  s t a r t  of  

exposure but was a t  c o n t r o l  l e v e l s  a t  96 hours. I n  r a t s  s a c r i f i c e d  

a t  7 hours lung f l u o r i d e  concentra t ion  was no d i f f e r e n t  from 

con t ro l .  Kidney f l u o r i d e  concentra t ion  was a t  c o n t r o l  l e v e l s  a t  12  

hours. 

Immediately a f t e r  nose-only exposure lung i o n i c  f  l u o r  ide  

concentra t ion  was less than plasma i o n i c  f l u o r i d e  concen t ra t ion  

sugges t ing  t h a t  the  f l u o r i d e  p resen t  i n  the  lung had reached t h a t  

s i t e  via plasma t r a n s p o r t  r a t h e r  than by inha la t ion .  I n  a  s e p a r a t e  

experiment the  upper r e s p i r a t o r y  t r a c t  of the  r a t  was s u r g i c a l l y  

i s o l a t e d  and HI? laden a i r  was drawn through t h e  upper r e s p i r a t o r y  

t r a c t  while the  r a t  r e s p i r e d  room a i r  through an endotracheal  

tube. A dose-dependent i n c r e a s e  i n  plasma i o n i c  f l u o r i d e  

concentra t ion  i n  t h e s e  upper r e s p i r a t o r y  t r a c t  exposed r a t s  was 

ev iden t ,  providing s t rong  evidence t h a t  t h e  f l u o r i d e  i o n  is 

absorbed sys temica l ly  from t h a t  s i t e .  The plasma i o n i c  f l u o r i d e  

concentra t ion  i n  t h e s e  r a t s  was of s u f f i c i e n t  magnitude t o  account 

f o r  the  plasma f l u o r i d e  concentra t ions  observed i n  i n t a c t  nose-only 

exposed r a t s .  Analysis  of t h e  a i rborne  f l u o r i d e  l e v e l s  i n  a i r  

e n t e r i n g  and l eav ing  t h i s  s i te  ind ica ted  t h a t  a t  a i rborne  HF 

3 concentra t ions  a s  high a s  180 mg F/m g r e a t e r  than 99.9% of 

a i rborne  fIF is removed during passage through t h e  upper r e s p i r a t o r y  

t r a c t .  



In  summary g r e a t e r  than 99.9% of  inhaled  HE' appears t o  be 

deposi ted  i n  t h e  upper r e s p i r a t o r y  t r a c t .  HI? deposi ted  i n  t h i s  . 
s i t e  can be absorbed sys temical ly .  Two forms of f l u o r i d e  a r e  

p resen t  i n  t h e  plasma of  HE' exposed r a t s ,  one i o n i c  i n  n a t u r e ,  t h e  

o the r  c o n s i s t i n g  o f  a low molecular weight non-ionizable f l u o r i d e  

s p e c i e  (s) . 
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