
THE SPRAY RESIDUE SITUATION^

By 1 . A. Rath  
U n iv e r s it y  o f I l l i n o i s  

Ur ban a, I l l i n o i s

Ho r t icu ltu r is ts  and o the rs  in te re s te d  in  the f r u i t  indus try are  a l l  
acquainted in  a ge ne ral way w ith the a tt i tu d e  o f the o f f i c i a l s  o f the United State s 
Pood and Drug Adm in is tration  toward spray re s idue s , and w ith th e i r  a c t i v i t i e s  and 
powers. It  seems, ne ve rthe le ss , that we should take th is  o ccas io n  to s ta te  the 
res idue  problem from th e i r  s tandpo in t, as the y have s tate d i t .  We should a ls o  con­
s ide r the a tt i tu d e  o f s ta te  and c i t y  he alth  o f f i c i al s  toward spray re s idue s . Fin a l ly 
we should conside r the present and probable fu tu re  a tt i tud e  o f the consuming pu b lic , 
which i s , in  the f i n a l  co ns ide ratio n , f i r s t  in  importance.

The a t t i tu d e , a c t i v i t i e s , and powers o f ,the fe d e ral government have been 
de scribe d re ce n tly  in  an a r t i c le  by W. B. White ,2/  United Sta te s  Pood and Drug; Ad­
m in is t ra t io n . The a r t i c le  i s  part o f a symposium on in s e c t ic id e s  he ld by the D iv i­
s ion  o f Agricu ltu ra l and Pood Chemistry a t  the  Meeting o f the American Chemical
So c ie ty . The t i t l e  o f the a r t i c le  i s  "Poisonous Spray Residues on Ve ge tab le s ," but 
the a r t i c le  i t s e l f  i s  not confine d to  ve ge tab le s . The p r in c ip le s  apply to a l l  h o rt i­
cu l tu ra l  crops and to foods in  ge n e ra l. I s h a l l  quote somewhat at le ngth , bu t, be­
cause most o f you are  f r u i t  growers, I s h a l l  quote nothing that i s  not s t r i c t l y  
re le van t to the f r u i t  growing indus try and to the subje ct w ith which th is  paper deals

"Coming from th is  labo ra to ry ," says Dr. White, "i t  i s  natural that the 
whole problem o f poisonous spray res idues on ve ge table s  should be discussed from the 
standpo int o f the Pood and Drug Adm in is tratio n . The Pood and Drug Act was drawn to 
p ro te ct American consumers aga ins t harmful, re vo lt in g , debased, and misrepresented 
fo o d s . We are concerned here w ith  the harmful as p e ct. Vege table s  carry ing amounts 
of po isonous spray res idue s which may render the food in ju r io us  to  the he a lth  o f any 
c i t i z e n  are w ithin the ban o f the s ta tu te . It  i s  thus our c le a r  duty in  the in te re s t 
o f p u b lic  he alth  to impound a l l  in te rs ta te  shipments o f sprayed o r dusted ve ge tables 
which are capable o f caus ing the s l ig h te s t  measurable derangement in  the he a lth  of 
any consumer. Economic dis turbance s  re s u lt in g from such re gu lato ry actio n  must be 
subordinated to th is  aim. The spray residue problem i s  no new one, having grown in 
the  la s t  fourteen years u n t i l  i t  i s  now absorbing about o ne -th ird  o f the to ta l  ap­
p ro p ria t io n  o f th is  bureau*

"There i s  a p re va i l in g  misapprehension, e s p e c ia l ly  in  the minds o f those 
v/ hose in te re s ts  are  invo lve d, that because they themselves have never been se rio us ly 
in ju re d  by con tact w ith spray m ate ria ls  or by e a ting sprayed ve ge tab le s , that there 
i s  no danger to human he alth  in vo lve d . What c h ie fly concerns re gu lato ry o f f i c i a l s  i s 
not immediate acute  e ffe c ts  e a s i ly  diagnosed and res u lt in g in  se rious , i l ln e s s  or 
de ath, but rathe r those  more remote and in s id io us  chronic e ffe c t s  which fo llo w  the 
fre quent adm in is tration  o f small amounts o f po ison over a pe riod o f se ve ral ye ars . 
Many rumors o f death or se rious  i l ln e s s  from spray res idues have been run down, but 
i t  i s  on ly in  rare  ins tance s  that the cause has been traced to  th is  source .

1/  From a  p ap er  p r e s e n te d  b e fo r e  th e  Am er ican  Po m o logica l So c ie t y  and the Co n n e ct icu t  
P o m o lo gica l So c ie t y j m ee t in g t o ge t h e r  a t  H a r t fo r d , Co n n e c t icu t , December 12 , 1935* 

2/  W. B. Wh ite . Po ison ou s  Sp r ay Re s id u e s  on Ve ge t a ble s . In d . and En g. Chem. 25 ,
621, 1933- ’ '
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’’From the a b s t r a c t  p u b lic  h e a lt h  s t a n d p o in t , th e r e can  be no q u a r r e l w it h  
th e  view  t h a t  th e  s a fe s t  cou r se  i s  th e  com p lete abandonment o f p o ison ou s s p r a y s . 
However , s in ce  we a r e  not  o p e r a t in g  under  th e  Nap o leon ic c.ode, th e  n a tu r e  o f Am er ican  
c r im in a l law i s  such  a s  to r en d e r  i t  d i f f i c u l t  t o  prove the p o t e n t ia l d an ger  t o  human 
h e a lt h  o f t r a ce s  o f c e r t a in  su b s ta n ce s  w e ll known to  be p o ison ou s  when p r e s e n t  in  
r e la t iv e ly  la r ge  am oun ts. The l ib e r a l  Supreme Cou r t o p in io n  in  the ce le b r a t e d  
b le a ch e d  f lo u r  case  ¡«goes fa r , in  t h a t  i t  i s  r e q u ir e d  to  p rove o n ly  t h a t  th e  h ar m fu l 
in g r e d ie n t  must be p r e se n t  in  su ch  amounts a s  to  have th e  p o s s ib i l i t y  o r  p r o b a b i l i t y  
o f a f fe c t in g  the h e a lt h , not  o n ly  o f th ose  in  t h e  vig o r  o f yo u th , b u t  the youn g, the 
a ge d , and the s i c k . .

"The p r e s e n t  s o -c a lle d  w or ld  t o le r a n ce  fo r  a r s e n ic , o f 0.01 g r a in s  o f 
a r s e n io u s  oxid e  p e r  pound o f fo o d , d a te s  b ack  to  1300, when in  En glan d  and Wales 
more th an  s ix  thousand  p er son s were made i l l ,  and  seven ty o f them k i l l e d  by th e  con­
sum p t ion  o f b e e r  co n t a in in g  t r a c e s  o f a r s e n ic--------------- Whether  the r e ce n t  work o f
Myer s , Thone and t h e i r  co-w or ker s  may s e t  an  even  more d r a s t ic  l im i t  r em ains to  be 
s e e n . We have p r ep a r ed  the fo llo w in g  b r ie f summary o f a p ap er  by W r igh t , Sap p in gton  
and Ra n to u l based  on the fin d in g s  o f the In d u s t r ia l Cl in ic  o f th e  Ma ssa ch u se t t s  
Ge n e r a l H o s p it a l.

" ’-About 11 p e r cen t  o f a l l  the ca s e s  o f. le a d  p o iso n in g  in  th e  In d u s t r ia l 
C l in i c  o f th e  Ma ssa ch u se t t s  Ge n e r a l H o s p it a l, ove r  the p e r io d  o f 1911-1933» were non­
in d u s t r ia l  in  o r ig in . One hundred and two ca s e s  were from  fa m i l ie s  con su n in g d r in k ­
in g  v/ ater  flo w in g th r ou gh  le a d  p ip e s . Of a l l  p e r son s  exp osed , about 25 p e r ce n t  
showed g r o s s  symptoms o f le a d  p o is o n in g— nam ely, a blu e  l in e  abou t  the gums, s t ip n le d  
b lo o d  c e l l s , and in  many in s t a n ce s , p a l lo r , w eakn ess, and d ig e s t iv e  d is t u r b a n ce s . 
Fo u r te e n  p er son s in g e s t in g  a s  l i t t l e  a s  0 .1  m illig ra m s  (abou t  .0015 g r a in s )  d a i ly  o f 
le a d  ove r  an  ave r age  p e r io d  o f g)r y e a r s , e xh ib it e d th ese  symptoms. I t  i s  p e r t in e n t  
t o  ob se r ve  t h a t  one m od er a te ly sp r ayed  ap p le  m igh t  r e a d ily  co n t a in  more th a n  0.1 
m illig r a m s  o f le a d  u n le s s  s u b je ct e d  to  a p p r o p r ia te  c le a n s in g  t r e a t m e n t .'  " (Th is  is  
a  co n s e r v a t ive  s t a t e m e n t . Washed a p p le s  ca r r y in g  the  p r e se n t  t o le r a t e d  amount o f 
le a d , i f  each  a p p le  w eighed o n e -t h ir d  o f a  pound, would ca r r y  .0027 m illig r a m s  o f 
l e a d .)

To con t in u e  my q u o t a t io n : "Because o f th e  p r esen ce in  such  amounts o f a 
cu m u la t ive  p o ison  l i k e  a r s e n ic  in  food s  a ga in s t  w h ich  r e gu la t o r y  o f f i c i a l s  a r e  power­
le s s  to  p r oceed  ( i .e . ,  food s  n a t u r a l ly  co n t a in in g  ar s e n ic , w h ich  has c e r t a in ly  not  
been  add ed , such a s  c o d fis h , w h ich  co n t a in s  .OlU to .03S g r a in s  p e r  pound) th ese  
o f f i c i a l s  must be d ou b ly v ig i la n t  a ga in s t  th ose  fo od s , such  a s  sp r ayed  v e g e t a b le s , 
where th e  a r s e n ic  i s  u n q u e s t io n a b ly  an  added s u b s t an ce ." (The same a t t i t u d e  a p p lie s , 
o f co u r s e , to  le a d .)

Dr . White con clu d es  h is  a r t i c le  by d e s c r ib in g  fe d e ra l a u t h o r it y  and  p r o­
ce d u r e . Th is  i s  th e  f i n a l  s t a t e m e n t , ’’Foods ca r r y in g  sp r ay r e s id u e s  o f a r s e n ic , le a d  
or  flu o r in e  can n ot  be impounded u n le s s  i t  can  be e st a b lis h e d  in  co u r t  t h a t  food  car ­
r y in g  th e  amounts a c t u a l ly  found  may b e , beyond a rea son ab le  d o u b t , dan ger ous to  
human h e a lt h ."

My s ta tem en ts  above a r e  quoted  from  a  symposium h e ld  b y ch e m is t s . I  w ish 
to  quote  now from  a  symposium h e ld  b y p u b lic  h e a lt h o f f i c i a l s . Th is  symposium took 
up one s e s s io n  o f th r ee  s e ct io n s  o f the Am er ican  FUb lic  He a lt h  As s o c ia t io n  a t  i t s  
a n n u a l con ve n t ion  t h is  ye a r  a t  Milw au kee . My q u o t a tio n s  a r e  from  a  summary o f my 
own n o t e s , ta ken  a t  the m e e t in g. P o in t s  not a lr e a d y  cove r ed  w h ich  d e s cr ib e  th e
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a t t i t u d e  o f the Fe d e r a l Food and Drug Ad m in is t r a t ion  were p r e se n te d  in  a  p ap er  by 
W. S. F r is b ie , Ch ie f, D iv is io n  o f St a t e  Co o p e r a t io n, Food and Drug Ad m in is t r a t io n ,
They a r e  as fo llo w s : . •

"Med ica l e xp e r t  t e s t im on y has been  n e ce s s a r y . Cou r t  v e r d ic t s  have been  
fa v o r a b le  to  the Food and Drug Ad m in is t r a t io n . A lar ge  number o f p h a r m a co lo gica l 
e xp e r t s  have been  co n s u lt e d , w h ich  has a ssu r e d  th e  o f f i c i a l s  t h a t  t h e i r  cou r se  was 
n o t  a r b i t r a r y . Ac t in g  as a  com m it tee , th ese  e xp e r t s a ssu r e d  th e  o f f i c i a l s  t h a t  le a d  
was more u n d e s ir a b le  th an  a r s e n ic , A le a d  t o le r a n ce was n o t  a p p lie d  u n t i l  1933* 
when the developm ent o f a  r a p id  method o f le a d  a n a ly s is  made en for cem en t  p o s s ib le .

"Fe d e r a l t o le r a n ce s  a r e  n o t  e n t i r e ly  e ffe c t iv e  w ithou t  s t a t e  t o le r a n ce s  and 
the Fe d e r a l government i s  not  a t  a l l  happy ab ou t  the r e lu c t a n ce  o f s t a t e s  to  a p p ly 
in t r a s t a t e  t o le r a n ce s . There i s  no ge n e r a l d is p o s itio n  in  t h is  d ir e c t io n  in  th e  E a s t . 
T o x ic o lo g is t s  r e co gn ize  the d a n ger  o f m inute amounts o f le a d , bu t  the in d u s t r y  has not 
y e t  r e co gn ize d  the s e r io u s n e s s  o f t h e  d a n ge r . Ju s t  r e ce n t ly  two s t a t e s , one in  the 
Ea s t  and one in  th e  Mid d lew est , have taken  s t e p s  to make a n a lys e s  fo r  a p p le s  in  in t e r ­
s t a t e  sh ipm ent and have b r o a d ca s t  a  w arn ing t h a t  s ta t e  t o le r a n ce s  a r e  con te m p la te d .
The Fe d e r a l government w i l l  co n t in u e  to  e xe r c is e  v ig i la n c e  a ga in s t  a l l  t o x ic  m a te r i­
a l s ."

I be lie ve  that the a t t i tu d e  o f Fe de ral o f f i c i a l s  has been adequate ly de­
s cr ibe d . At the same symposium se ve ral s tate  and c it y  o f f i c i a l s  presented papers. 
Typ ica l statements were the se , made in  a paper, e n ti t le d  "Spray Residues from the 
Viewpoint o f the City  Health O f f i c e r ,"b y  Dr. George H. Becke r, o f San Francisco .

"Acute po isoning seldom occurs , but chronic d ise ases  are sometimes produced 
a fte r  a s e rie s  o f ye ars . The demand fo r  evidence o f to x ic  e ffe c t s  i s  due to  ignor­
ance o f chronic e f fe c t s . Enforcement must be more rigo ro us . Tolerances in  themselves 
are not n e ce ssarily  s u ffic ie n t  p ro te c t io n ."

Other ty p ica l  s tatements, by Dr. William s, Commissioner o f Public Health, 
Baltim o re , were that "o f f i c i a l s  around Baltimore  have s tudied the l i te ra tu re , they 
conclude  that the s logan that an apple a day keeps the doctor away i s  m is le ad ing, and 
they favo r a s logan to the e ffe c t  that an apple a day leads the  doctor a s t ra y ."

During the d iscuss io n  which fo llow ed the papers, the question o f "sub­
chron ic e ffe c ts " was ra ise d .

Unless the to le rance  can he met, none o f th is  i s  good news fo r  the apple 
grower. It  w i l l  be observed that the a tt i tu d e  o f o ff i c i a l s  in  gene ral i s  co n s is te n t . 
We know that fe d e ra l o f f i c i a l s  are  succe s s fu l in  enforcement. Als o , judging by the 
above statements and by pas t e ve n ts , they have enough expert backing and court sup­
po rt to go s t i l l  fu r th e r .

Fin a l ly , what i s  the a t t i tu d e  o f the layman? By layman I mean the  man who 
i s  n e ithe r a h o r t icu l tu r is t  nor a he a lth  o f f i c i a l . I f  he has read "100,000 ,000 
Guinea Pigs " by Ka lle t  and Sch link , o f Consumers* Research, and there i s  a good 
chance that he has, h is  a tt i tu d e  toward consuming apple s , e i th e r  pe rso nally or by 
members o f h is  fam ily  or by h is  fr ie n d s , i s  probably not favo rab le . In that w ide ly 
read, fre que n tly  quoted, and a t t r a c t iv e ly  w ritte n  book, a rse n ic and lead on apples 
i s  mentioned re pe ate d ly and d iscusse d at le n gth . Public he a lth  o f f i c i a l s  are se ve re ly 
taken to task fo r  th e i r  le n ie n cy . On the second page where i t  can s carce ly  be missed
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we f in d  t M s  a t t e n t io n -co m p e llin g  q u e s t io n : "Th a t  M g, ju icy  ap p le  you  have a t  lu n ch — 
do you  know t h a t  in d i ffe r e n t  Government o f f i c i a l s  le t  i t  come t o  your  t a b le  coa ted  
w it h  a r s e n ic , one o f th e  d e a d lie s t  o f p o is o n s ?" I t  would he a  w aste o f t im e to  specu­
la t e  on th e  e f fe c t  o f t h is  hook and s im ila r  p u b licat io n s  upon a p p le  consum pt ion  e xce p t , 
p e r h a p s , to  say t h a t  i t  must be co n s id e r a b le . One can  assum e, a ls o , t h a t  i t  w i l l  have 
an e f fe c t  upon le g i s la t i o n . Becau se  o f the fo r ce  w it h  w h ich  i t s  a u th o r s  make t h e ir  
s t a t e m e n t s , the book i s  l i k e ly  to  be a cce p te d  in  i ts  e n t i r e t y . I t  i s  n o t  too  much to  
say t h a t  t h is  book would be l i k e l y  to  sway m e d ica l o p in io n , even  w ith ou t  su ch  fo r c e fu l 
s t a te m e n ts  in  the m e d ica l l i t e r a t u r e  as the fo llo w in g , w h ich  i s  quoted from  a  cu r r e n t  
is s u e  o f the Jo u r n a l o f the Am er ican  Me d ica l As s o c ia t io n :.!/

"Lead p o is o n in g  may w e ll be though t  o f as a co u n t e rp a r t  o f s y p h i l is , n ot  
o n ly  in  the v a r ie t y  o f i t s  e f fe c t s  on th e  human system , b u t  in  t h e  manner in  which i t  
may be dormant and u n su sp ected  in  th e  t is s u e s  fo r  ye a r s , a p p a r e n t ly  in n ocu ou s , u n t i l  
some a l t e r a t io n  in  th e  m e t a b o lic  p r o ce s s e s  l ib e r a t es  i t  w it h  u n im p a ir ed  venom. Like 
s y p h i l i s , i t  i s  a  co n t r ib u t in g  cau se  o f many a d e a th  fo r  w h ich  i t  does not  r e ce ive  
i t s  r ig h t fu l  share o f b la m e ."

I do n o t  need to  d is cu s s  a t  le n g t h  the ge n e r a l n e c es s it y  fo r  r e s id u e  r e ­
m oval to meet the p r e s e n t  t o le r a n ce s , o r  th e  extr eme d i f f i c u l t y  in  m ee t in g th e  p r ese n t  
t o le r a n ce s  in  c e r t a in  p a r t s  o f th e  co u n t r y . In  o n ly one s t a t e  t h a t  has p u b lis h e d  
r e s id u e  s t u d ie s  t h a t  I have seen  h as i t  been, fou n d u n n e ce ssa r y to wash to remove r e s i ­
d u e . Th is  s t a t e  i s  Co n n e ct icu t , where o f n in e t e e n  sam ples o f sp r ayed  a p p le s  taken  in  
1932 from  s o r t in g  t a b le s  and  s h ip p in g co n t a in e r s  in  d i ffe r e n t  p a r t s  o f the s t a t e , on ly 
one sample co n ta in e d  as much a s  o n e -h a lf the t o le r an c e .

I t  i s  a ls o  u n n e ce ssa r y to  d e s cr ib e  in  t h is  paper  the  s e a r ch  fo r  e t h e r  sp r a ys , 
w h ich  may, o f co u r s e , so lve  th e  p r ob lem . P r e d ic t io ns  o f fa i lu r e  o r  su cce ss  in  t h is  
s e a r ch  a r e  f u t i l e . We can  o n ly  a cce p t  the s i t u a t io n a s  i t  i s ,  w it h  le a d  a r s e n a t e  the 
o n ly  in s e c t ic id e  g e n e r a lly  recommended fo r  com m er cia l co d lin g  moth c o n t r o l.

The q u e s t io n  w h ich , I h op e , n a t u r a lly  a r is e s  a t  t h is  p o in t  i s :  What is  the 
a c t u a l evid en ce  o f danger  to the consumer  from e a t in g  a p p le s  ca r r y in g  th e  amounts o f 
le a d  and a r s e n ic  now t o le r a t e d ? Is  th e  ge n e r a l a t t it u d e  o f p u b lic  h e a lt h  o f f i c i a l s , 
p h y s io lo g is t s , t o x ic o lo g is t s , and p h ys ic ia n s  ju s t i fi e d ?  I f  i t  i s , i t  sh ou ld  a ls o  be 
ou r  a t t i t u d e . I f  i t  i s , the use o f le a d  a r s e n a te  shou ld  be a b o lis h e d , and th e  le a s t  
t h a t  th e  s t a t e s  co u ld  do a t  p r e s e n t  would be to  p a ra l le l  the p r e s e n t  Fe d e r a l t o le r ­
a n ce s . Is  th e r e  an y evid e n ce  t h a t  le a d  can  be in ge st e d  in  m inu te amounts w ith ou t  
a ccu m u la t io n  and w ith o u t  h a r m fu l e f fe c t s , e i t h e r  a cu t e , ch r o n ic , or  "s u b -ch r o n ic"?
In  t h a t  c a s e , t o le r a n ce s  a r e  ju s t i f i e d .

I w i l l  answ er  th e se  q u e s t io n s  in  o r d e r . F i r s t , t h e re  i s  no d i r e c t  evid en ce  
t h a t  a p p le s  ca r r y in g  th e  amounts o f le a d  a r s e n a t e  now t o le r a t e d  a r e  h ar m fu l t o  the 
con su m er . The case  a ga in s t  le a d  a r s e n a te  r e s t s  upon in d ir e c t  e v id e n ce , vh .ich  lias 
many s o u r ce s . I t  i s  b u i l t  upon th e  e f fe c t s  o f le a d  in  d r in k in g  w a te r , in  d r in k s  
fe r m e n te d  in  u t e n s i ls  g la ze d  w it h  a  le a d  compound, in  f lo u r , in  s n u ff, in  house p a in t , 
in  fa c e  pow ders, and upon th e  e f fe c t s  o f le a d  in  c er t a in  le a d -u s in g  in d u s t r ie s . The 
t o x i c i t y  o f le a d  a r s e n a t e  to humans i s  a  b io lo g ic a l p r ob lem . Because i t  i s  b io lo g ic a l , 
in fe r e n c e s , no m a t t e r  how p la u s ib le , a r e  not  e v id e nce . In  the form  o f b io lo g y  w ith  
w h ich  I  am a cq u a in t e d , i t  i s  n o t  uncommon to f in d  hyp o th eses b u i l t  upon in fe r e n ce  up­
s e t  b y d i r e c t  exp e r im e n t ; m or eover , th e  exp er im en t  must be a s  d ir e c t  a s  p o s s ib le . I f  
the t o x ic i t y  to humans o f le a d  a r s e n a t e  on a p p le s  were to be t e s t e d , the w eathered  
le a d  a r s e n a t e  t h a t  r em ains on sp r ayed  a p p le s  would  be used  in s t e a d  o f unw eathered  le a d

17 Ep id em io logy o f Lead P o is o n in g, A. J .  Lan za , M. D ., As s is t a n t  Me d ica l D ir e c t o r , 
M e t r o p o lit a n  L i fe  In su r an ce  Co ., Jo u r . Am er . Med. As s o c ., 10U, £5, 1935»
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a r s e n a t e  o r  le a d  a r s e n a t e  made in  the la b o r a t o ry ; the e xp e r im e n ta l s u b je c t s  would he 
human b e in gs , not a n im a ls , and th e  a p p le s  would be fe d , a s  w e ll a s  the le a d  a r s e n a t e .

The s l ig h t e s t  need fo r  in fe r e n ce  would be r u led  o u t, because in fe r e n ce s  in ­
v a r ia b ly  in vo lve  u n c e r t a in t ie s . Because o f t h is  la ck  o f d ir e c t  e v id e n ce , t h e  common 
a t t i t u d e  toward le a d  a r s e n a te  can n ot  be s a id  to  be ju s t i f i e d . Moreover , not  a l l  
p h y s io lo g is t s  b e lie v e  t h a t  m inu te q u a n t it ie s  o f t o xic  m a t e r ia ls  a r e  t o x ic .

The fo llo w in g  p a r agr ap h s  a r e  quoted  fr om  an a r t i c le in  "Scie n ce " fo r  
Ja n u a r y  2 6 , 193^, by D r . Joh n  J .  Ab e l, Em er itu s  P r ofe s s o r  o f Pharm acology and 
D ir e c t o r , La b o r a to r y fo r  En d ocr in e  Re se a r ch , the Joh n s Hopkins Un iv e r s it y .

"Le t  me sa y to b e g in  w it h  t h a t  no one Iras eve r  been  a b le  to g ive  a  co n cise  
and  a ccu r a t e  d e fin i t io n  o f a  p o is o n  t h a t  would a p p ly  to e ve r y  one o f the many thou ­
sands o f known p o is o n s . A l l  a t t e m p ts  to  do t h is  have s im p ly ended in  o ffe r in g  
d e fin i t io n s  t h a t  do not  d e fin e . The m e d ica l ju r isp ru d e n ce  o f t h is  cou n t r y and o f 
En gla n d  has n ever  a t tem p ted  to  d e fin e  th e  word p o iso n .

***

"Hatu re has not  a ff ix e d  a  p o ison  la b e l t o  any p a r t ic u la r  su b stan ce  o r  c la s s  
o f s u b s t a n ce s . The p h a r m acis t  d oes t h a t . I  have met in t e l l ig e n t  p eop le  who a c t u a l ly  
b e lie v e  t h a t  once a  p o ison  a lw ays a  p o is o n , and t h at  i t  co n t in u e s  to e xe r t  i t s  noxious 
power  in  some degr ee to  th e  la s t  m o le cu le . I f  t e n  m illig r a m s  o f n i t r a t e  o f s t r ych n in e  
be d is s o lv e d  in  f iv e  hundred cu b ic  ce n t im e te r s  o f st e r i l i s e d  p h y s io lo g ic a l s a lin e  
s o lu t io n , each  cu b ic  ce n t im e t e r  w a ll co n t a in  0 .0 2  mg o f the s t r ych n in e  s a l t , bu t  no 
one in  the w or ld  co u ld  dem on st ra te  e i t h e r  a  h a r m fu l o r  a b e n e fic ia l  a c t io n  a ft e r  the . 
in je c t io n  o f a h a l f  o r  one cu b ic  ce n t im e te r  o f t h is s o lu t io n  u n d er n ea th  a p e r s o n 's  
s k in  o r  when so sm a ll a  q u a n t it y  a s  t h is  i s  t a ke n  by mouth.

"The e xp e r ie n ce  o f p h y s ic ia n s  th r ou gh ou t  th e  ages has con vin ced  them t h a t  
even  th e  most d e a d ly  o f p o iso n s  a r e  e n t i r e ly  in n ocuous when give n  in  c e r t a in  minimal 
q u a n t i t ie s . Sc ie n t is t s  haVe a r r iv e d  a t  the same co nclu s io n  on th e  b a s is  o f t h e ir  
e xp e r im e n t a l work. To be q u it e  a ccu r a t e , how ever , we can  o n ly  say t h a t  n e it h e r  a 
h a r m fu l n or  a  b e n e f ic ia l  in flu e n ce  can  be d e t e ct e d  a ft e r  such  m in im al doses by any 
m ethods known to  us a t  e r e s e n t .

"There i s , how ever , a n o th e r  fa c t  o f fu n dam en ta l im por tan ce fo r  e ve r y t h in g 
t h a t  i s  endowed w it h  l i f e ,  w hether  i t  be a  p la n t  o r an  an im a l or  som eth ing t h a t  l i e s  
somewhere between th e  tw o. Th is  fa c t  may he e xp r e sse d  as fo l lo w s : The h a r m fu l 
e f fe c t s  o f a  la r ge  dose o f a  d r u g or  a p o iso n  do n ot  f a l l  o f f  p a r i p a ssu  w it h  the 
d im in u t io n  in  d o s e . The law  o f con com itan t  v a r ia t ion  in  r e s p e ct  to the two v a r ia b le s  
does n o t  h o ld  fo r  th e  l i v in g  c e l l .  On the co n t r a r y , w it h  th e  d im in is h in g dose ther e  
may o ccu r  a  tu r n a b ou t  in  th e  a c t io n  o f the d r ug w ith  the appear an ce o f a h ig h ly  
b e n e f ic ia l  a c t io n , one in deed  t h a t  i s  in d is p e n s a b le fo r  the con t in u an ce  and m ain ten ­
an ce o f h e a lt h , a s  i s  th e  case  when we p ass  from  the  t o x ic  dose o f a  hormone to  i t s  
t h e r a p e u t ic  d o s e . Exam ples o f t h is  b e n e f ic ia l  a c t ion  a r e  seen  d a i ly  in  m e d ica l 
p r a c t i c e . Many p o w e r fu lly  a c t in g  d r u gs , to  w h ich  the p op u la r  d e s ign a t io n  o f p o ison  
i s  e n t i r e ly  a p p lic a b le , such a s  s t r y ch n in e , q u in in e, th e  d i g i t a l i s  g lu co s id e s , ce r t a in  
a r s e n ic a ls , in s u l in , p a r a t h y r o id  e x t r a c t s , the v it am in s , and a  lo n g l i s t  o f o th e r  
d r u gs  i l lu s t r a t e  t h is  p r in c ip le  when t h e i r  dosage is  r e s t r ic t e d  to a  c e r t a in  amount. 
Th is  fa c t  h o ld s  a ls o  fo r  o t h e r  a ge n t s  o f our  envir onm en t t h a t  may be h a r m fu l in  t h e ir  
a c t io n  when th e y come in  co n t a ct  w it h  ou r  t is s u e s  in  too h igh  a  co n ce n t r a t io n . Sun­
l i g h t  and  o t h e r  for m s o f r a d ia t io n  a r e  in s t a n ce s  in p o in t . In  o r d in a r y  co n ce n t r a t io n s
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s u n lig h t  i s  b e n e f ic ia l , b u t  i t  i s  d e a d ly  in  i t s  e f fe c t  on many or gan ism s when th ey 
a r e  exposed  to  i t  fo r  too lo n g a  t im e . I t s  s co r ch ing  a c t io n  on th e  s k in  o f a d u lt s  
a t  h ig h  a lt i t u d e s  and  in  th e  t r o p ic s  i s  w e ll known, and i t  i s  a ls o  w e ll known t h a t  
ve r y  young ch i ld r e n  have d ie d  a s  a  r e s u l t  o f exp osur e  fo r  too lo n g a  t im e to the 
b u r n in g  r ays  o f th e  noonday sun w ith o u t  h a v in g been p r e v io u s ly  in u r e d  to  i t s  a c t io n .

Po iso n s  in  Our  Bo d ie s

"An e x c e lle n t  i l lu s t r a t io n  o f ou r  p r in c ip le  t h a t  t ox ic  su b s ta n ces  may be 
h ig h ly  b e n e fic ia l  and even  in d is p e n s a b le  to  l i f e  i s fu r n is h e d  b y c e r t a in  p o ison s  
t h a t  a r e  p roduced in  ou r  own b o d ie s  and c i r c u la t e  in  our  b lo o d , a t  a  co n ce n t r a t io n  
be low  th e  t o x ic  l e v e l . Many w i l l  be su r p r is e d  to  lea r n  t h a t  we o u r s e lve s  a r e  w alk­
in g  d r u g shops, and t h a t  an e xp e r ie n ce d  chem ist  o r  p h a r m a co lo gis t  would have no 
d i f f i c u l t y  in  p r e p a r in g  ar row  p o is o n s  from  some o f ou r  own o r gan s  t h a t  would have 
d e lig h t e d  the h e a r t  o f p r im it iv e  m an ."

There i s , m oreover , d i r e c t  evid en ce  t h a t  le a d  i t s e lf  can  be in ge s t e d  in  
m in u te  amounts w ith ou t  a ccu m u la t io n ; in ge s t e d  in  m inu te q u a n t i t ie s  i t  i s  n ot  a  cumu­
la t i v e  p o is o n . Th is  evid en ce  r e s u lt e d  from ve r y  e xte n s ive  work a t  the Ke t t e r in g  
La b o r a t o r y  o f Ap p lie d  P h ys io lo gy , w h ich  was e s t a b lis h e d  a t  th e  Un iv e r s it y  o f Cin c in n a t i 
w it h  the immediate o b je c t  o f s t u d y in g th e  p rob lem  of le a d  a ccu m u la t io n . Ta n gib le  r e ­
s u l t s , p e r t in e n t  to t h is  p o in t , a r e  summar ized by Dr . Kehoe, the D ir e c t o r  o f the Lab­
o r a t o r y , and h is  a s s o c ia t e s -l/ a s  fo l lo w s :

"A r e ce n t  s e r ie s  o f a r t i c le s  in  a n o th e r  jo u r n a l has d e t a ile d  the method and 
th e  m a jo r  r e s u lt s  o f ou r  s t u d ie s  o f le a d  a b s o r p t io n and le a d  p o is o n in g d u r in g the p a s t  
t e n  y e a r s . So fa r  a s  the:/  a r e  con cer n ed  w ith  norm al le a d  a b s o r p t io n  and e xc r e t io n , 
th e  r e s u l t s  may be summar ized b r i e f l y  a s  fo l lo w s : 1. Two gr ou p s o f n a t ive  Mexican  
In d ia n s , whose mode o f l i f e  and environm en t were d evo id  o f o p p o r t u n it ie s  fo r  co n ta ct  
w it h  th e  le a d -co n t a in in g  p r od u cts  o f h ig h ly  o r ga n ize d  and in d u s t r ia l  p o p u la t io n s , were 
fou n d  to have le a d  in  t h e i r  b loo d  and to  e xcr e t e  lea d  in  t h e i r  fe ce s  and u r in e , as a 
con sequ en ce o f le a d  in  th e  s o i l  and hence in  v e g e t at io n  and a n im a l p r od u cts  employed 
w it h  fo o d . 2 . Va r io u s  gr oups o f h e a lt h y  ch i ld r e n  and a d u lt s  in  the Un ited  St a t e s , 
w it h  no o ccu p a t io n a l e xp osu r e , were shown to have le a d  in  t h e i r  t is s u e s  and in  t h e ir  
e x c r e t a , c h ie f ly  becau se  o f the r e g u la r  in g e s t io n  of le a d  w it h  t h e ir  fo o d s . 3» L'he 
r a t e  o f le a d  e xc r e t io n  among Am er ican s i s  h igh e r  than  t h a t  ob ser ved  in  p eo p le  l iv in g  
un d er  s im p le r  and more n a t u r a l co n d it io n s  ( n a t iv e  Mexican s)  in  cor r esp on den ce w ith  the 
h igh e r  le a d  con te n t  o f c e r t a in  Am er ican  fo o d s t u ffs . 4 . Evid e n ce  was o b ta in e d  t h a t  
th e  in g e s t io n  o f t h e se  "norm al" amounts o f le a d  d id n o t  r e s u l t  in  s te a d y a ccu m u la t ion  
o f le a d  in  the b od y. Ap p a r e n t ly  an  e q u ilib r iu m  i s  reach ed  a f t e r  a t im e , so t h a t  a 
s u b s t a n t ia l ly  co n s t a n t  co n ce n t r a t io n  o f le a d  r em ains in  the t is s u e s , and le a d  ou tp u t  
becom es e q u iva le n t  to  le a d  in t a k e ."  I t  i s  in t e r e s t in g  t h a t  th e  mean norm al d a i ly  le a d  
in t a k e  was a p p r o xim a te ly  O.25 m illig r a m s  ( .OOU g r a in s ) . The a u th o r s  a ls o  con clu de  
t h a t  the b u lk  o f norm al le a d  in ge s t e d  w it h  the food i s  p assed  th r ou gh  th e  a lim e n t a r y  
t r a c t  u n absor bed .

Ea r ly  la s t  summer P r o fe s s o r  P ic k e t t , a s  P r e s id e n t  of th e  Am er ican  Pornologi­
c a l  So c ie t y , a p p o in te d  a  com m it tee to  fo r m u la te  le ad  a r s e n a te  r e s e a r ch . Ce r t a in  
members o f the com m it tee and c e r t a in  o t h e r  in t e r e s te d  in d iv id u a ls  v is i t e d  th e

l/ ~ Kehoe, H. A ., P r e d e r ick  Thamann,
10U, 90- 92, 1935.

and Ja co b  Ch o la k , Jo u r . AmerMed. As s o c.
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W -" "
• Ke tte r in g Laboratory e a r ly  in  September. Those who made the t r ip  were Pro fesso r

Talbe rt o f.th e  Missouri Experiment Sta t io n , Pro fesso rs  Greene and Krayb i l l  o f Purdue, 
Pro fe sso r Howiett o f the Ohio Sta t io n , and m ys e lf. Our purpose was to v i s i t  the 

; labo ra to ry , to make the acquaintance  o f the s t a f f, and, i f  i t  was po ss ib le  and de­
: s i ra b le , to ou tline  a p lan fo r  research a t  that in s t i tu t io n . The labo rato ry, we
, found, i s  remarkably w e ll-equipped and s ta ffe d . Phys io lo gica l lead research w ith

human subje cts  has been, fo r  a long time, i t s  p r in cip a l a c t i v i t y . The s t a ff  was 
, in te re s te d  in  our problem, and, to ge the r, we worked out a plan fo r  re se arch. .

This p lan c a l ls  fo r  work w ith human subje cts  who would be fe d apples com­
m e rc ia l ly  sprayed w ith lead ars e n ate . It  would c a l l fo r a ve ry large  number o f 
an a lys e s . The immediate o b je ct would be to  determine the po in t a t  which le ad arsen­
ate  becomes a cumulative  po ison. The minimum co s t would approximate $20,000 a year, 
and i t  would be be s t to an t ic ip a te  three years 1 work.

The co s t o f the experiment i s  s tagge ring i f  we lose s igh t o f the fa c t  that 
such experimentation o ffe rs  the only p o s s ib i l i t y  o f so lv in g the problem. The monthly 
co s t can be reduced i f  le s s  work i s  done, but le s s  work.means slower p ro gre ss . So 
fa r , the committee and those o f us who v is i te d  the Ke tte ring Laboratory have con­
cerned ourse lves almost e n t i re ly  w ith the fo rm ulation o f a plan fo r rese arch, which 
was the purpose fo r  which the committee was appo inted. The p o s s ib i l i t y  o f carrying 
on the experiment depends, o f course , upon fin an c ing . One way to secure money would 
be to organize  fo r  th is  experiment a l l  o f the in d u str ie s , s o c ie t ie s , and in d iv id ua ls 
who are  d i re c t ly  or in d i re c t ly  in te re s te d , which the American Pomological So cie ty 
could lo g ic a l ly  undertake . Re pre se ntative s  and o f f i ci a l s  o f manufacturing companies 
to whom I have talke d a l l  see the need o f the experiment, i t s  lo g ic , and i t s  p o s s i­
b i l i t i e s . ,

Fin a l ly , a l l  o f us are agreed, includ ing the re pre sentative s  o f some o f the 
most important manufacturing companies, that the purpose o f the experiment i s  so le ly 
to  fin d  fa c t s . Tie be lie ve  that i t  i s  only upon fa cts  that s ta te  and fe de ra l to le r­
ances can be in te l l i g e n t ly  base d. We also  be lie ve  that i t  i s  only fa c ts  th a t w i l l  
s a t i s fy  the fr u i t  indus try, which c r i t i c i s e s  the enforcement o f f i c i a l  fo r  s e t t in g  the 
to le ran ce s  too low, and the type o f c r i t i c  who says that enforcement i s  too la x . We 
are not attem pting to  .embarrass the United Sta te s  Pood and Drug Adm in is tratio n . We 
fe e l , in  fa c t , that they w i l l  be as much in te re s te d in  the experiment as s tate 
o f f i c i a l s  and the in d u s tr ie s , and that they should be represented in  i t s  o rgan ization 
and pro gre ss .

I am tak ing the l ib e r ty  to quote from a le t t e r  w rit te n  by an o f f i c i a l  o f 
one o f the la rge s t in s e ct ic id e  companies to one o f the members o f our committee. I 
am quo ting the le t t e r  because i t  shows the a t t i tu d e that indus try i s  l i k e ly  to take , 
i f  the  plan i s  prope rly presented, and because i t  emphasizes what I haye ju s t  said 
about the purpose o f the experiment.

"Lou pe rso nally , and in  fa c t  your whole committee, as w e ll as a l l  o f the 
r igh t  t h i hieing producers o f in s e c t ic id e s  are f i rs t  o f a l l  in te re s te d  in  ge t t in g  the 
t ru th  in  regard to the po ss ib le  harmful e ffe c t  o f ars e n ica l re s idue s . We are not 
mere ly concerned w ith proving th a t our products as now manufactured are harmful to 
in s e cts  but harmless to humans, nor in  po in tin g out in accuracie s  in  U. S. Department 
procedure or re g u la r i t ie s , but in  supporting wholeheartedly any program, governmental 
or in s t i t u t io n a l , that w i l l  give  to the grower a product o f minimum co s t and maximum 
e ffi c ie n c y  and s a fe ty ."
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Fin a l ly , we are fo rtunate  to have ava i lab le  a t th is time, fo r  th is  e xpe ri­
ment, a s t a ff  o f men such as th a t o f the Ke tte rin g labo rato ry, which has a back­
ground. o f se ve ral years 1 experience  in  lead, analyse s  and le ad s tudie s  w ith human 
s u b je c ts , and a labo rato ry such as  the Ke tte ring Laboratory, which was designed and 
equipped fo r  th is  s p e c i fic  work.
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