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D ear M r. D av is:

Your le t te r  o£ O ctober 14, concern in g  w hich a p ost card  w as sen t to 
m e recen t ly  (recen tly  retu rned by m e ), would se e m  to  req u ire  som e 
r eo ly  from  m e , and I judge that you have been  concerned  b eca u se  no 
rep ly  w as fo r th com ing . U nfortunately , I have been  abroad s in ce  the 
end o£ Sep tem ber, and, w h ile  va r iou s m em b ers of the sta ff have 
handled most, of the m a tte rs  that cam e up in m y a b sen ce , no one 
undertook to dea l w ith your su g g est io n s . I can understand th e ir  
re lu c tan ce  to do so  when I co n s id e r  m y own rea c tio ns to th em , s in ce 
I'm  a fra id  I do no t understand ju st what you a re  getting  at.

A s it se e m s  to m e , in v est ig a to rs  a re  attem pting to  get togeth er  cer ta in 
fac ts  about a ir  po llu tion  on a fa ir ly  b road b a se . Som e have tr ied  to 
draw  con c lu s ion s fro m  in form ation  that can on ly  be regarded  as fra g ­
m en ta ry . In m y v iew , at p resen t , no p a r t icu la r  p ro fit w il l  com e from  
em ploy ing  va r iou s m ean s of e x p ress in g  th ese  fragm enta ry  data.
W hile I w e lcom e and encourage new  w ays of look ing at the m a tte r , I 
cannot esca p e  the fee lin g  that what w e req u ire  is  not m ore th eory , but 
m ore fa c ts . .

:  • * •

T here a r e  sev e r a l m a tte rs  in  your ob serva t ion s on which I m ay com m ent.
' * 

.1. I don 't b e liev e  that there is  any rea l v ir tu e , fr om  the a sp ec t of 
accu racy ,, in  ex p ress in g  the concen tra tion  of a ir -po llu tan ts in  te rm s o f 
10 cub ic m e te r s  of a ir ,  e sp e c ia l ly  in  com m un ity  a tmo sp h ere , s in c e  the 
f ig u re  a t b e s t  is  inaccu ra te  in  i ts  re la t ion sh ip  to an 8 -h our  day, and 
s in c e  i t  has no m ean ing in  re la t ion  to the hou rs of the day in  w hich one 
m ay be breath ing com m unity  a tm o sp h ere . It m ak es ju st  one m ore 
a rb itr a ry  un it to exp la in  to n o n -p h y s io lo g ica l techn ica l p eop le . It is 
b e tte r , I b e lie v e , fo r  a l l  p u rp o ses, to u se  a conven tiona l ex p ress io n 
which can b e  understood  by e v e r y  one at s igh t. T here is  som e ju st if ica t io n , 
in trad it ion  and perhaps a lso  in  concep t, fo r  adhering  to the 10 cub ic m e te r 
standard in  s t r ic t  re la t ion  to  occupationa l ex p o su re , but even  th is , in 
te r m s  of a ccu ra cy , is  a dubious p roced u re, s in ce  it in trod uces one 
add itiona l e r r o r  into the pattern  o f ind iv idual exp osu re. I am  so r r y  that 
the idea w as ev e r  in troduced in to p ra c t ice .
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2 . I do not se e  the d e s ir a b il i ty  of e x p ress in g  the concen tra tion  of m a te r ia ls 
• in fee  a tm osp h ere  in  ter ras of m o le c u le s , if  fo r  no other rea so n  than that
{1} it  g iv es  a fa lse  se n se  of p r e c is io n , and {2) it  im p lies  that the m o lecu les 
a rc  sep a ra te  en tit ies w hich, in the c a se  of h igh ly  a sso c ia te d  com pounds, is 
not tru e . 1 th ink it better  net to go beyond the e x p ress io n  of concen tra tion 
in s im p le  v o lu m etr ic , w e igh t-vo lu m e, o r  w e igh t-w eigh t te r m s .

3. I d is t in c t ly  do not lik e  theddea of con sid er in g  the to x ico lo g ic  s ign if ican ce 
of the a tm o s p h e r i c  concen tra tion  of e lem en ts o r  com pounds in te rm s of the 
e s t im a te d  num bers o f the ce llu la r  u n its of the an im a l o rgan ism  -which is 
su b jected  to exp osu re. The p h y sio lo g ic  im p lica tion  of such  a p rocedure is 
m is le a d in g , in that the m a te r ia ls  a re  r a re ly  d istr ib u ted  even ly , or  in any 
app rox im ation  to u n ifo rm ity , in the va r iou s t is s u e s and f lu id s. Sam e of the 
m a te r ia ls  n ever  pen etra te  into any c e l l ,  and th e ir  co u rse  in  the body is  such 
that m any of them  n ev e r  have a c c e s s  to m any of the  body c e l l s .  It is  a 
function  of to x ico lo g ica l in vestiga tion  to find out where and by what m ean s 
the va r iou s su b stan ces exert- th e ir  in f lu en ce.

4 . The concep t o f the in fluence of tox ic  m a te r ia ls  on enzym e sy s tem s is,
Of c o u r se , t im e-h o n o red , and it has been  supported w a ll by qu ite a num ber 
o f in v e s t ig a t io n s . (I b e liev e  th e r e - is  no ev idence that lead  inh ib its enzym e 
sy s te m s  in w hich ~£H groups a re  con cern ed . C erta in ly  th is  is  not its  im p or ­
tan t poin t of a ttack . )

5. In the m a tter  of the p h y sio lo g ic  e f fec ts  of va r iou s con cen tra tions of 
ch lo r id es and f lu o r id es, such a s  th ose conta ined p resen t ly  in com m unity 
su p p lies of drink ing w a ter , w hether natural -within, l im i ts , o r  added w ith in 
p r e se n t ly  approved l im i ts , the ev id en ce of ex p er ience  and in vestiga tion  is 
m uch too com p reh en sive  to be shaken by im p lica tion s b ased  on such 
ca lcu la tion s as you have m ad e. H is to r ic a lly , man, liv in g  on th is p lan et, has 
a lw ays had to dea l with, ch lo r id es and f lu o r id es w ith in  ce r ta in  l im its  of  
concen tra tion . There is not the s l ig h te s t  rea so n , at p resen t, to  doubt that 
the in troduction  o f f lu o r ide into the drink ing w a te r , w ith in the l im its  
recom m ended  and con tro lled , is  both sa fe  and advantageous to m an. A s to 
the ch lo r id e^  the situa tion  is even  c le a r e r , h i that it is  d if f icu lt  to ad m in iste r  
a tox ic  am ount of ch lo r id e  to a hea lthy  an im a l, including m an, w h ereas the 
p re se n c e  of ch lo r id es w ith in .the body is  e sse n t ia l , and the norm al range of 
the con cen tra tion  is  qu ite ap p rec iab le .

b. One of the m ost s ign if ican t m a t te r s , w ith re fe ren ce  to the tox ico logy  of 
a ir  po llu tion , is  that of the com bined e f fec ts  of many su b stan ces to w hich 
the o rg a n ism  is  exp osed  s im u ltan eou sly  o r  se r ia l ly . Until som eth ing m ore 
is  known h e r e , we sh a ll have to indu lge in con sid erab le  sp ecu la tion .
A nother fac to r  in  the m a tter  is  that o f su scep t ib ili ty . We sh a ll have to work 
out what is  m ean t, p h y s io lo g ica lly , by such  su scep tib il i ty .

M r.  A r th u r  L . D av is  - (2) - D e c e m b e r  3, 1953 ;



Mr. Arthur L. Davis - (3) - December 3, 1953

I should not w ish  to convey the idea that I am  opposed  to  ch em ica l and 
p h y s io lo g ica l sp ecu la tion  in th is f ie ld  of in v estiga tio n . R athe?,I have 
attem p ted  to su ggest that we need not m ake the sp ecu la tion  too com p lica ted 
un til we have accum u la ted  a g rea te r  body of s im p le  fa c ts  b ased  on 
ob serv a t io n  and in vestiga tion . You r e fe r  to the inab ility  of p h ysic ian s to 
d iagn ose and trea t f lu o r o s is . May I poin t out that th is  is  not su rp r is in g , 
s in ce  acu te f lu o r ide po iso iung is  quite ra re  in the ex p er ien ce of p h y sic ia n s, 
w h ile  ch ron ic  f lu o r o j is  is  p ra c t ica l ly  n o n -ex is ten t as a c l in ica l en tity .

C ord ia lly  y o u rs ,

R obert A . K ehoe, M. D.
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