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NOTICE 

T h e  study reported h e r e i n  was undertaken under t h e  aeg i s  of the 
National R e s e a r c h  Council with the  e x p r e s s  approval  of t h e  Governing 
Board of the National Research  Council. Such approval  indicated that 
the Board considered that t he  problem is of national significance; that 
elucidation a n d / o r  solution of the problem required scient i f ic  o r  
technical competence and that  the r e s o u r c e s  of the National R e s e a r c h  
Council w e r e  pa r t i cu la r ly  sui table  t o  the conduct of the project .  The  
institutional responsibi l i t ies  of the National R e s e a r c h  Council w e r e  then 
discharged in  the following m a n n e r :  

The m e m b e r s  of the commit tee  w e r e  selected for  t h e i r  individual 
scholar ly  competence and judgment with due considerat ion f o r  the 
balance and b read th  of discipl ines .  Responsibil i ty fo r  all a s p e c t s  of this 
r epor t  r e s t s  with the commit tee ,  to  whom we e x p r e s s  o u r  s i n c e r e  
appreciation. 

Although the r epor t s  of o u r  study commit tees  a r e  not submitted 
for  approval  t o  the Academy m e m b e r s h i p  no r  to the Council, e a c h  r e p o r t  
is reviewed by a second group of scient is ts  according to p r o c e d u r e s  
established and monitored by the Academy's  Report  Review Commit tee .  
Such reviews a r e  intended to  de t e rmine ,  i n t e r  a l i a ,  whether  t he  m a j o r  
questions and relevant  points of view have been a d d r e s s e d  and whether  
the reported findings, conclusions and recommendat ions a r o s e  f r o m  the 
available data  and information. Distribution of the r epor t  i s  pe rmi t t ed  
only a f t e r  sat isfactory completion of t h i s  review p r o c e s s .  



INT R ODU C T ION 

This is  one of a s e r i e s  of documents prepared  by  t h e  Commit tee  on 
Toxicology of t he  National Academy of Sciences -National R e s e a r c h  Council, 
with the support  of the Advisory Center  on Toxicology, at t he  r eques t  of 
the A i r  Pollution Control Office of the Environmental  P ro tec t ion  Agency. 
A subcommit tee  was appointed to  p r e p a r e  the document which w a s  then 
endorsed by the Commit tee .  

In preparing this document the subcommit tee  was  guided by the 
pr inciples  s e t  fo r th  in t h e  first document of t h i s  s e r i e s :  "Bas i s  f o r  
Establishing S h o r t - T e r m  Inhalation Exposure L imi t s  of the Public t o  
Atmospheric  Pol lutants ,  ' I  (1)  and the National Academy of Sciences-National 
R e s e a r c h  Council r e p o r t ,  "F luo r ides ,  ( 2 )  now in  p repa ra t ion  by  the 
Commit tee  on Biologic Effects of Atmospheric  Pollutants of the Division 
of Medical Sciences.  The  l a t t e r  document t r e a t s  the effects of H F  on 
vegetation and a n i m a l s ,  and methods f o r  the ana lys i s  f o r  a i r b o r n e  concen- 
t r a t ions .  The re fo re ,  t h i s  r e p o r t  gives only m i n i m a l  attention t o  t h e  effects 
of H F  on vegetation and an imals  and no attention to analyt ical  p rocedures .  

Most of t he  authori ta t ive w o r k  on hydrogen fluoride g a s  d a t e s  f r o m  
the mid - l940 ' s ,  although t h e r e  a r e  a few significant contributions f r o m  
e a r l i e r  per iods.  In m o s t  of the documents published p r i o r  to the  l a t e  
19601s,  mathemat ica l  units expres s ing  concentrat ions vary.  F o r  e a s e  of 
comparison,  all units expres s ing  a tmospher ic  concentration have been  
converted to  mg/m3, consider ing H F  a s  a monomolecular  compound 
w h e r e  1 ppm = 0.8184 m g / m 3 .  In those few instances where  p a r t s  by 
volume a r e  m o r e  appropriate ,  e i t he r  ppm o r  ppb h a s  been used. 

Some a tmospher ic  s t anda rds  f o r  H F  a l r e a d y  ex is t .  F o r  instance,  
occupational levels  recommended by the A m e r i c a n  Conference of Govern-  
menta l  Industr ia l  Hygienists s e t  the threshold l imi t  value ( T L V )  f o r  a n  
eight-hour work  day at 2 m g / m 3 .  By application of the ACGIH P e r m i s s i b l e  
Excursion (Time-weighted)  ru l e ,  a max imum a tmospher ic  concentration 
f o r  H F  of 4. 0 m g / m 3  is permit ted,  provided i t  i s  compensated by  a n  
equivalent excursion below the limit during the workday. T h e  s t a t e  of 
Pennsylvania h a s  adopted a n  a tmospher ic  l imi t  f o r  H F  of 2 m g / m 3  f o r  
15 minutes  (3)  and the National Academy of Sciences-National R e s e a r c h  
Council Commit tee  on Toxicology recommended emergency exposure  
limits f o r  H F  of 16 m g / m 3  f o r  t en  minu tes ,  8 m g / m 3  fo r  30 minu tes ,  and 
approximately 7 m g / m 3  for  60 minutes  applicable only t o  m i l i t a r y  and 
space  operat ions (4).  

Experimental  data and h i s t o r i e s  of exposures  a r e  reviewed in  th i s  
r epor t  and recommendat ions f o r  s h o r t - t e r m  exposure l i m i t s  of the public 
a r e  made.  
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Physical-Chemical  P r o p e r t i e s  

At a tmospher ic  p r e s s u r e ,  below 19O C ,  hydrogen f luo r ide  is  a 
c o r r o s i v e ,  fuming, nea r ly  c o l o r l e s s  liquid. Above 1 9 O  C it is  gaseous.  

H F  h a s  a monomolecular  weight of 20. 01, but at 1 a t m o s p h e r e  
p r e s s u r e  and a t  a t e m p e r a t u r e  below looo C i t  ex i s t s  as  a n  a s soc ia t ed  
molecule  up to HgFg, with a n  a v e r a g e  molecular  weight of 50 t o  55. 
Some authors  ( 5 )  have considered the possibil i ty that  toxicity m a y  be  
related to  molecular  s p e c i e s ,  but th i s  concept has  not been thoroughly 
explo red . 

Hydrogen fluoride gas  h a s  a densi ty  of 0. 921 g /1  at 00 C and 
1 a tmosphere  of p r e s s u r e  and is v e r y  soluble in water .  When anhydrous 
liquid H F  is vaporized into the  a t m o s p h e r e  it i s  an a lmost  c o l o r l e s s  gas  
cloud that  f o r m s  a fog upon combination with m o i s t u r e  in  a i r .  Th i s  fog 
is  a n  a e r o s o l  of hydrofluoric acid,  which i s  c o r r o s i v e  t o  a l m o s t  all 
inorganic and organic  m a t e r i a l s .  

Sources  of H F  

Active volcanoes a r e  the  only known na tu ra l  s o u r c e  of gaseous HF. 
Gaseous effluents f r o m  fumaroles  and volcanoes contribute background 
l eve l s  of H F  throughout the world.  This gas  has  been detected at locations 
f a r  removed f r o m  m a n - m a d e  s o u r c e s  (6 ) .  

Many indus t r i a l  p r o c e s s e s  contribute gaseous H F  to  the  a tmosphere .  
The gas  i s  a n  effluent of p r o c e s s e s  such as  a luminum reduction, phosphate 
f e r t i l i ze r  manufacturing, pe t ro leum refining, manufacture  of flu0 rocarbon 
compounds; the making of b r i ck ,  pottery,  g l a s s ,  and c e r a m i c s ;  f e r r o -  
enamel  production, m e t a l  fluxing agents  used in  foundries and m e t a l -  
fabr icat ing plants,  welding p r o c e s s e s ,  and the burning of coal. Coal may  
contain 40 to  295  ppm of f luoride depending on i t s  s o u r c e ,  s o m e  of which 
is r e l eased  a s  H F  on burning. 

In recent  y e a r s  t h e r e  h a s  been a change in a luminum-reduct ion 
p r o c e s s e s ,  using a synthetic c ryo l i t e  manufactured using HF,  r a t h e r  
than natural ly  occur r ing  cryol i te .  Th i s  p r o c e s s ,  as  well  as  the production 
of H F  i t s e l f ,  a l s o  contr ibutes  t o  a tmospher ic  levels  of the gas .  

Most of the m o d e r n  indus t r i a l  plants whose operat ions can  r e l e a s e  
H F  t o  the a tmosphere  have s c r u b b e r s  that  a r e  reported t o  b e  about 95% 
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c>ffic.ic.nt, wlicrc~as l e s s  modern  plants a r e  est imated t o  have control 
efficiencics a s  low a s  8O'%,. 

Within the past  decade another  potential sou rce  of a t m o s p h e r i c  
H F  h a s  appeared:  th i s  i s  liquid-fueled rockets  employing propellant 
oxidizers  consisting of m i x t u r e s  of liquid fluorine and liquid oxygen. In 
the  event of accidental  r e l e a s e  of t hese  liquid oxidizers  to the a t m o s p h e r e ,  
which would a l m o s t  cer ta inly be  attended by f i r e ,  the resul tant  products  
would include HF. H F  a l s o  i s  a product of n o r m a l  combustion of t he  fuel 
in t h e s e  rocket engines. 

Inc reased  use of H F  for  a var ie ty  of applications s i m i l a r l y  i n c r e a s e s  
the need t o  t r a n s p o r t  the m a t e r i a l  f rom place of manufacture  t o  place of 
use. T e m p o r a r y  s t o r a g e  fac i l i t i es  a t  both locations and t r a n s f e r  f r o m  
s to rage  containers  to o the r  containers  a r e  operat ional  r equ i r emen t s .  In 
each instance t h e r e  i s  danger  of accidental  sp i l l s  that  could r e s u l t  in 
exposure of occupational personnel  and the public. 

Clinical  and Pathological effects of H F  

The p r i m a r y  effect of acute  exposure  t o  gaseous H F  i n  concen t r a -  
t ions above a few rng/m3 is i r r i t a t ion  of t he  skin,  eyes ,  and r e s p i r a t o r y  
pas sages .  In addition, localized t i s s u e  damage  m a y  occur  as  a r e su l t  of 
the c o r r o s i v e  na tu re  of this compound a t  concentrat ions above the 
recommended l imi t s .  

T h e r e  a r e  s e v e r a l  published accounts  of the clinical  effects in m a n  
of acute  poisoning with gaseous HF.  Local i r r i t a t ion  of the mucous  
m e m b r a n e s  of the eyes,  nose,  throat,and bronchi  is  r epor t ed  by 
Sollmann (7 )  and Williams (8). 
breathing. An individual exposed to m o r e  than 10 m g / m 3  will  a l m o s t  
immediately experience a biting o r  burning sensation in the n o s e ,  followed 
by a nasa l  d i scha rge  and, occasionally,  a nosebleed; burning of t he  eyes  
and l ac r ima t ion  a l so  occur .  Exposure to  higher  concentrations m a y  lead 
to  pulmonary edema and r e s p i r a t o r y  d i s t r e s s  with a n  onset  t ha t  m a y  b e  
delayed 12  to  24 hour s .  Th i s  may be accompanied by g a s t r o e n t e r i t i s ,  
with nausea,  vomiting, abdominal burning, d i a r r h e a ,  and col lapse.  
Exposure to le thal  concentrations produces m u s c u l a r  weakness  and 
t r e m o r s ,  clonic convulsions, a d r o p  in blood p r e s s u r e ,  and m o d e r a t e  
cyanosis ;  and death m a y  r e su l t  f r o m  sudden r e s p i r a t o r y  o r  c a r d i a c  
a r r e s t .  

In addition, t h e r e  may  be  difficulty in 

T h e r e  a r e  but a few r e p o r t s  of pathological findings avai lable  f r o m  
fatal  H F  poisonings. According to one r e p o r t  ( 9 )  the h e a r t  w a s  dilated,  
the bronchial  t r e e  was  acutely inflamed with a part ia l ly  u l ce ra t ed  mucosa ,  
and the lungs w e r e  edematous,congested,  and s e v e r e l y  hemorrhagic .  
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Additional pathological s tudies  have been done on expe r imen ta l  
an imals  exposed to e i the r  le thal  o r  nonlethal concentrat ions of H F  (10,11, 
12). Pulmonary changes,  mainly h e m o r r h a g e ,  edema,  and congestion, 
a r e  consistently seen in acute  €-IF poisoning. The seve r i ty  of the change 
i s  m o r e  o r  l e s s  proportional t o  the duration and concentration of exposure  
to  HF .  Lesions can be found in the kidney, l i v e r ,  and nasa l  pas sages .  
Also,  bone m a r r o w  obtained seven days a f t e r  exposure shows a n  i n c r e a s e d  
cel lular i ty ,  but with a disproport ionate  i n c r e a s e  in myeloid ce l l s .  

Toxicity Studies 

Seve ra l  groups of w o r k e r s  have studied the effects of H F  gas  on 
experimental  an ima l s .  Machle and co-workers  (10) conducted t i m e -  
concentration s tudies  on rabbi ts  and guinea pigs a t  concentrat ions ranging 
f r o m  24  to  8000 rng/ rn3  fo r  per iods of five minutes  t o  41 hour s .  They 
found that exposure fo r  five minutes  o r  longer  t o  concentrat ions g rea t e r  

1000 rng/rn3 fo r  30 minutes  caused changes in the lungs,  but no deaths ,  
in e i the r  spec ie s  of an ima l s .  Concentrations below 100 mg/m3 f o r  five 
hour s  produced lung damage ,  but no deaths ,  in rabbits o r  guinea pigs.  
The p r i m a r y  t i s s u e  damage was  manifested by hemorrhage ,  edema,  o r  
congestion. At concentrations of HF above 2000 r n g / m 3  a r e a s  of t he  
co rnea  w e r e  eroded, t h e r e  w a s  n e c r o s i s  of t u rb ina te s ,  n e c r o s i s  of 
h e a r t  m u s c l e s ,  a lveolar  and in t e r s t i t i a l  h e m o r r h a g e ,  edema,  emphysema,  
and, in those that survived s e v e r a l  days following exposure,  broncho-  
pneumonia. A l s o ,  in the an ima l s  exposed a t  the h ighe r  concentrat ions,  the 
l i v e r  showed n e c r o s i s  of t he  parenchyma and destruct ion of cytoplasm; 
the spleen w a s  edematous and congested and the kidneys showed s o m e  
degenerat ive changes in renal  tubules and glomerul i .  

than 1500 mg/m 3 m a y  be  le thal  to  rabbi ts  and guinea pigs. Exposure  to 

In another  study (5) ,  designed to  b racke t  m a x i m a l  and m i n i m a l  
effects ,  five species  of an ima l s  inhaled H F  concentrat ions of 25  m g / m 3  
o r  7 mg/m3 f o r  166 h o u r s  in  repeated,  daily s ix-hour  exposures  f o r  
approximately 30 days.  Exposure to  the higher  concentration w a s  le thal  
t o  100% of the rats and m i c e ,  but not lethal to  guinea pigs,  r abb i t s ,  and 
dogs.  Among the  surviving an ima l s ,  the rabbits showed a slight l o s s  in 
weight, the dogs w e r e  apparent ly  unaffected, and the guinea pigs began 
to  l o s e  weight a f t e r  the third week of exposure.  Exposure to  the low 
concentration did not i n t e r f e re  with n o r m a l  weight gains in any of t he  
an ima l s  except the rabbits.  T h r e e  s p e c i e s ,  the clog, rabbi t ,  and rat, 
w e r e  examined for  pathological changes following exposure to both con- 
centrat ions of H F .  A t  the 2 5  m g / m 3  l eve l  t h e r e  was m o d e r a t e  h e m o r r h a g e  
and edema of the lungs in all t h r e e  s p e c i e s ,  ulcerat ion of the s c r o t u m  in 
dogs and r ena l  co r t i ca l  degenerat ion and n e c r o s i s  in the rat. At the 
7 m g / m 3  leve l ,  localized h e m o r r h a g e s  w e r e  found in the lungs of one dog 
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out of five examined, and no changes w e r e  observed in  the rat o r  rabbit .  

Rosenholtz and co-workers  (1 1 )  studied r a t s ,  rabbi ts ,  guinea pigs, 
and dogs t o  make  possible  a b e t t e r  e s t ima te  of the LC50 (the concen t r a -  
t ion calculated to  b e  le thal  t o  50% of a group of experimental  a n i m a l s )  
f r o m  single exposures  t o  high concentrations of H F  for  s h o r t  pe r iods  of  
t ime .  

na s a1 
t h e s e  

The LC50 's  w e r e  as follows: 

Species  

Rat 
Rat 
Guinea Pig 
Rat 
Rat  

Exposure  Time 

5 
15 
15 
30  
6 0  

(minu tes )  
L c 5 0  

( m g / m 3 )  
4060 
2200 
3540 
1670 
1070 

Signs of toxicity in  the  an imals  included i r r i t a t i o n  of t he  conjunctiva, 
t i s s u e s ,  and r e s p i r a t o r y  s y s t e m .  T h e  su rv ivo r s  ceased  t o  show 
signs about one week a f t e r  the exposure.  Pathological l e s ions  w e r e  

observed in  the kidney and l i v e r ,  the seve r i ty  of which was  d i r ec t ly  
re la ted to  t h e  dosage received. T h e  external  n a r e s  and n a s a l  vest ibules  
w e r e  b l ack  and, at dosages causing cons ide rab le  mor t a l i t y ,  t hose  a r e a s  
showed zones of mucosa l  and submucosal  n e c r o s i s .  The  skin of an imals  
exposed t o  high ( le tha l )  concentrations showed superf ic ia l  subcutaneous 
and deep  d e r m a l  zones of acute  inflammation. The h a i r  of t h e s e  an imals  
could b e  pulled out with e a s e  and the skin ruptured under minimal  tension. 
The  rat was  found to be the m o s t  suscept ible  spec ie s  of those t e s t ed ,  
which confirmed the  findings of Stokinger ( 5 ) .  Additional evaluations w e r e  
m a d e  at nonlethal concentrations of H F  that approximated 500j0, 2570, 12. 570, 
and 670 of the r a t  LC50. 

Exposure of animals  t o  nonlethal concentrations produced similar 
cl inical  s igns that  decreased  in intensity and da ra t ion  with dec reas ing  
dosage. At 670 of the rat LC50 level  (250 m g / m 3  in r a t s  fo r  15 minutes  
and 80 m g / m 3  in rats f o r  60 m i n u t e s ) ,  cl inical  signs d e c r e a s e d  to  mi ld  
i r r i t a t i o n  of the eyes and nose.  T h e s e  s igns d i sappea red  short ly  a f t e r  
withdrawal f r o m  the chamber .  Few pathological changes w e r e  s e e n  at 
sub-lethal  concentrat ions,  although the skin was  not examined his to-  
pathologically. Two rabbi ts ,  one exposed a t  1020 m g / m 3  for  15 minu tes ,  
and one a t  700 m g / m 3  f o r  15 minu tes ,  showed pulmonary changes ranging 
f r o m  intense in t r a -a lveo la r  s ep ta l  congestion t o  f r ank  h e m o r r h a g e  with a 
d i s c r e t e  lobular  distribution. 

In connection with the an imal  s tudies  reported by Machle ( lo ) ,  s o m e  
observat ions w e r e  made  on two humans.  After  one minute  at 100 m g / m  3 , 
t h e r e  was  s m a r t i n g  of the skin,  conjunctival and r e s p i r a t o r y  i r r i t a t ion ,  
and recognition of the flat s o u r  t a s t e  of HF .  Exposure at 50 m g / m 3  was  
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exceedingly uncomfortable ,  a s  shown by i r r i t a t i o n  of mucous  m e m b r a n e s ,  
but t h e r e  was no s m a r t i n g  of t he  skin. A t  26 m g / m 3  i r r i t a t ion  d e c r e a s e d  
and the  abil i ty to t a s t e  gas  was  delayed,  but the  a tmosphe re  was  uncomfor t -  
ab le  throughout t he  th ree -minu te  per iod of exposure .  

Instances of Apparent  H F  Injury 

Even though t h e r e  a r e  numerous  indus t r ia l  p r o c e s s e s  tha t  can  cause  
H F  in jury  to w o r k e r s  and closely assoc ia ted  nonworkers ,  t h e r e  a r e  few 
r e c o r d s  of such in jur ies .  However,  t h e r e  a r e  s e v e r a l  well-documented 
r epor t s  of i n ju r i e s  resul t ing f r o m  accidental  exposures  to  ruptured  
conta iners  of anhydrous H F  (9). 

Although gaseous H F  undoubtedly played s o m e  ro l e  in t h e s e  acc idents ,  
t he  m a j o r  effect is  a s soc ia t ed  with the liquid s t a t e .  The  information does ,  
however ,  emphas ize  the  e x t r e m e  haza rd  of H F  and the  c l in ica l  develop-  
m e n t s  encountered. In t h r e e  s e p a r a t e  events ,  a total  of eight m e n  w e r e  
sp lashed  with liquid HF. In one event ,  involving four  men ,  one died of 
pulmonary edema approximate ly  two hour s  a f t e r  the  accident .  The o the r  
t h r e e  survived,  but  suffered s e v e r e  chemica l  burns.  In the  o the r  two 
events ,  all four  m e n  died; two of t h e m  in two hour s ,  one i n  four  h o u r s ,  
and one ten  hour s  a f t e r  the accident .  Consciousness  r e m a i n s  until death,  
which is usually sudden, f r o m  r e s p i r a t o r y  d i s t r e s s  and ca rd iac  a r r e s t .  
Cha rac t e r i s t i ca l ly ,  the  r e s p i r a t o r y  t r e e  is inflamed and the  lungs 
modera t e ly  to seve re ly  congested.  

T h e r e  a r e  o ther  repor ted  c a s e s  of s e v e r e  poisonings and deaths  
among worke r s  in superphosphate  f ac to r i e s ,  f e r t i l i z e r  f ac to r i e s ,  among 
we lde r s ,  ga rage  w o r k e r s ,  waterworks  employees ,  and enamel- fac tory  
w o r k e r s  (11). 
H F  poisoning, but other  fluoride-containing par t icu la tes  and gases  such 
a s  S iFq ,  phosgene (from the high t e m p e r a t u r e  decomposi t ion of halogenated 
hydrocarbons)  and a var ie ty  of f luoride dus t s ,  a l so  w e r e  p re sen t .  

In m o s t  of t h e s e  c a s e s  the  clinical  p ic ture  in p a r t  r e s e m b l e s  

Species  Susceptibility t o  H F  Poisoning 

Plants  a r e  m o r e  suscept ib le  to  damage  f r o m  gaseous H F  than a r e  
an ima l s ,  although among plant spec ie s  t h e r e  is  a wide var ia t ion i n  
to le rance .  Some plants,  gladiolus for  example ,  m a y  be  seve re ly  damaged 

of 20 ppm in plant t i s s u e s ) ,  whereas  camel l ia  can to l e ra t e  t i s s u e  accumula-  
t ion t o  a s  much a s  1500 ppm. T h e r e  i s  a complex and poorly understood 
re la t ionship  between a i rbo rne  concentrat ions and leve ls  tha t  accumula te  in  
plants. G r a s s e s  and forage c rops  va ry  throughout a wide range  in 
accumulat ion and to le rance .  H F  i s  absorbed  sys temica l ly  through the  

by a i rbo rne  concentrat ions a s  low a s  3 p g / m  3 (leading to accumulat ions 
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stems and l eaves  of plants.  The  absorbed f luorides  m i g r a t e  to  the  m a r g i n s  
of the l eaves  w h e r e  e a r l y  evidence of damage  a p p e a r s  as  yellowing o r  
browning of t i s sues .  

Cattle,  sheep,  and goats that  feed on fluoride-contaminated fo rage  
m a y  s icken and d i e  f r o m  chronic  fluoride poisoning, f l uo ros i s ,  a not 
uncommon o c c u r r e n c e  in  areas w h e r e  effluents containing f luorides  affect  
grazing l ands ,  Animals  with a to ta l  d i e t a ry  intake of fluoride g r e a t e r  than 
300 ppm pe r  day a r e  l ikely to  develop f luorosis .  A general ly  accepted 
guide (14) f o r  f luoride concentration in animal  fo rage  is based  on a n  annual 
a v e r a g e  of no m o r e  than 40 ppm of fluoride by d r y  weight. 

Inhaled H F ,  even in  heavily contaminated a r e a s ,  contr ibutes  S O  
small a fract ion of t he  to ta l  intake by grazing an imals  that  it cannot b e  
considered a n  important  factor  in e i the r  chronic  o r  acu te  s y s t e m i c  
poi s oning . 

Atmospheric  Concentrations of H F  

National s u r  veillance p r o g r a m s  * conducted s ince  the m i d  -1960 ' s 
r e v e a l  a tmospher ic  l eve l s  of f luoride ranging f r o m  0. 5 t o  1. 89 pg/m3 

3 in  urban areas and 0.05 t o  0.16 p g / m  in nonurban a r e a s  (15). 
Huffstutler (16), report ing on fluoride concentrat ions within a 7-1/2 mile 
radius  in a n  a r e a  of Flor ida where  a number  of f e r t i l i ze r  plants a r e  
operated,  found a four-hour  s a m p l e  peak of 100 pgf luor ide /m3 one y e a r ,  
and a max imum four-hour  s a m p l e  a v e r a g e  of 2. 7 pg f l u o r i d e / m 3  in 
ano the r  y e a r .  Similar ly ,  h e  r e p o r t s  a 24-hour sample  peak of 68 pg 
f luoride/m3,  and a max imum 24-hour sample  a v e r a g e  of 4. 3 pg f luor ide /m? 
These  s tudies  have been c a r r i e d  out ove r  a period of s even  y e a r s  and t h e  
1969 data show a m a r k e d  d e c r e a s e  both i n  peak levels  and in s a m p l e  
per iod a v e r a g e s  as a r e su l t  of improved scrubbing p rocedures .  

As with o the r  gaseous contaminants,  the g r e a t e s t  h a z a r d  is down- 
wind f r o m  the  effluent s t acks .  Workers  in the immedia te  environment 
of operat ions involving H F  may  not b e  as  readi ly  o r  as heavily exposed 
as nonworkers  s o m e  s e v e r a l  hundred y a r d s  downwind. Beyond two o r  
t h r e e  miles downwind, mixing and dilution with a i r  r educes  H F  below 
detectable  o r  background levels .  

Guides fo r  S h o r t - T e r m  and Emergency  Exposures  of the Publ ic  t o  H F  

The basis f o r  sett ing l imi t s  f o r  s h o r t - t e r m  exposure  of t h e  public 
and f o r  emergency  exposure of the public to a i r  pollutants i s  detailed in 
t h e  first document of t h i s  s e r i e s ,  "Bas i s  fo r  Establishing Guides fo r  
S h o r t - T e r m  Exposures  of t he  Public to Air  Pol lutants ' '  (1 )  
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Exper imenta l  data and occupational exper ience  indicate that  man  
is suscept ible  to i r r i t a t ion  and possible injury f r o m  gaseous HF.  At  
10 m g / m 3  the mucosa  a r e  i r r i t a t ed ;  a t  26 m g / m 3  fo r  t h r e e  minutes  h e  
i s  uncomfortable  and able to  t a s t e  the gas ;  at  50 m g / m 3  the seve r i ty  of 
the  i r r i t a t ion  i n c r e a s e s ;  and a t  100 mg/m3 a stinging sensat ion of the 
skin is added and other  i r r i t a t ions  a r e  so  s e v e r e  as to  make  exposure  
f o r  m o r e  than one minute  intolerable .  Since the p r i m a r y  i r r i t a n t  action 
of H F  i s  on the mucosa ,  par t icu lar ly  the r e s p i r a t o r y  m u c o s a ,  it i s  
impor tan t  to  recognize the m o r e  sensi t ive segments  of the  population, 
e. g . ,  the a s thma t i c s  and bronchi t ics ,  a s  the l imit ing fac tors .  

The following recommendat ions a r e  t ime-weighted a v e r a g e s ,  which 
a r e  cons idered  not to p re sen t  any health hazard.  It should be  recognized, 
however ,  that  excur s ions  above these  ave rages  a r e  l ikely to  produce 
objectionable odor s  and, possibly,  min ima l  i r r i ta t ion .  

S h o r t - T e r m  Public Limi ts  ( S T P L ' s )  

The l imi t s  fo r  s h o r t - t e r m  exposure  of the public to a i r  pollutants 
a r e  established in view of the possibil i ty of repeated events in the s a m e  
locali ty.  These  events,  such as intentional r e l e a s e  of H F  to the a tmosphe re ,  
a r e  assumed to be controllable with respec t  to  concentration and duration 
of r e l e a s e  so  that  the limit i s  not exceeded. No a d v e r s e  heal th  effects,  
however  t r ans i en t ,  a r e  anticipated at the l imi t s  s e t  for th  below: 

ST PL' s 

10-30 and 60 min  3 mg/m3 (4 ppm) (frequency 
limit 1 h r  dai ly)  

5 h r / d a y ,  3-4 d a y s / m o  1 m g / m 3  (1 ppm)  

Public Emergency  Limits ( P E L ' s )  

Public emergency  limits r e p r e s e n t  values n e c e s s a r y  to  cope with 
an  accidental ,  unpredictable,  o r  uncontrollable event. The PEL a s s u m e s  
that  some t e m p o r a r y  d iscomfor t  may  a c c r u e  to  the public but that  any 
ef fec t  1.esulting f r o m  the exposure is  revers ib le  and without res idua l  
damage.  

PEL's 

10 min  8 m g / m 3  

30 min  and 
60 min  
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Resea rch  Needs 

The data  f r o m  indus t r ia l  experience and l abora to ry  exper imenta-  
tion a r e  insufficient to permi t  a relaxation in effor ts  to  de t e rmine  the  
toxic h a z a r d s  of a tmospher ic  hydrogen fluoride.  It is  hoped that this  
guide will s e r v e  a s  a s t imulus  f o r  occupational health authori t ies  and 
r e s e a r c h e r s  to  investigate f u r t h e r  the effects of H F  on the hea l th  and 
wel fare  of the  public and on the environment s o  that g r e a t e r  confidence 
can be placed in  the  recommended l imi t s .  
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