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PREFACE

The Occupa t iona l  S a fe ty  and H ea l th  Act o f  1970 emphasizes  t he  need fo r  
s t a n d a rd s  to  p r o t e c t  t h e  h e a l t h  and s a f e t y  o f  workers  exposed in  the  
workp lace .  In  o rd e r  to  f u l f i l l  i t s  r e s p o n s i b i l i t i e s  under t he  A ct ,  the  
N a t io n a l  I n s t i t u t e  f o r  O ccupa t iona l  S a f e ty  and H ea l th  (NIOSH) e s t a b l i s h e d  a 
program to  e v a l u a t e  t he  adve rse  h e a l t h  e f f e c t s  o f  w ide ly  used  chemica l  and 
p h y s i c a l  a g e n t s  and make recommendations f o r  p r e v e n t i n g  t h e s e  adv e rse  
e f f e c t s .  This i n c lu d e s  the  development o f  documents which summarize any 
needed development o f  ( o r  change in  e x i s t i n g )  s t a n d a r d s .  Such r e p o r t s  
u s u a l l y  d e s c r i b e  h e a l t h  e f f e c t s  i n c lu d in g  c a n c e r ,  m u t a g e n i c i t y ,  
t e r a t o g e n i c i t y  or  o th e r  e f f e c t s  on r e p r o d u c t i o n  a s s o c i a t e d  w i th  o c c u p a t io n a l  
exposure  to  the  agen t  or  p r o c e s s ,  as w e l l  as recommending c o n t r o l  measu res ,  
i n c lu d in g  work p r a c t i c e s ,  to  a s s i s t  in  p r o t e c t i n g  the  h e a l t h  and w e l l - b e i n g  
o f  workers .

This document e v a l u a t e s  r e c e n t  in f o rm a t io n  conce rn ing  d i - 2 - e t h y l h e x y l  
p h t h a l a t e  (DEHP) a su bs ta n ce  w ide ly  used in  the  q u a n t i t a t i v e  f i t  t e s t i n g  o f  
r e s p i r a t o r y  p r o t e c t i v e  d e v i c e s .  In  1982, t he  N a t io n a l  Toxicology  Program 
(NTP) r e p o r t e d  p o s i t i v e  r e s u l t s  of  t e s t s  of  c a r c i n o g e n i c i t y  in  two s p e c i e s  
o f  ro d e n t s  exposed t o  DEHP. As a r e s u l t  o f  t h a t  r e p o r t ,  we (NIOSH) 
recommended s e v e r a l  p r a c t i c e s  f o r  r e d u c in g  exposure  to  DEHP d u r in g  t h e  
t e s t i n g  of  r e s p i r a t o r s ,  and fo r  t he  use  o f  o th e r  m a t e r i a l s  in  s u b s t i t u t i o n  
fo r  DEHP. The b a s i s  fo r  t h e s e  recommendations i s  p rov ided  on the  fo l low ing  
p a g e s .

C o n t r i b u t i o n s  t o  t h i s  r e p o r t  by o t h e r  F e d e r a l  a g e n c i e s  o r  d e p a r t m e n t s ,  
e x t e r n a l  r e v i e w e r s ,  r e v i e w e r s  s e l e c t e d  by t h e  A m er ican  N a t i o n a l  S t a n d a r d s  
I n s t i t u t e ,  a s  w e l l  a s  t h e  s t a f f  o f  NIOSH, a r e  acknow ledged  and g r a t e f u l l y  
a p p r e c i a t e d .  The r e v i e w e r s  and t h e  F e d e r a l  a g e n c i e s  t h a t  r e c e i v e d  t h e  
r e p o r t  f o r  r e v i e w  a r e  l i s t e d  on p a g e s  v i i  and v i i i .  The c o n c l u s i o n s  and 
reco m m en d a t io n s  e x p r e s s e d  i n  t h i s  r e p o r t  a r e  t h o s e  o f  t h e  D i r e c t o r  and s t a f f  
o f  NIOSH, and n o t  n e c e s s a r i l y  t h o s e  o f  t h e  r e v i e w e r s  o r  o t h e r  F e d e r a l  
a g e n c i e s .  However ,  a l l  comments ,  w h e t h e r  o r  n o t  i n c o r p o r a t e d ,  h ave  b e e n  
c a r e f u l l y  c o n s i d e r e d .

D ire c to r , N a tio n a l I n s t i t u t e  fo r  
O ccupational S a fe ty  and H ealth



SYNOPSIS

D i- 2 - e th y lh e x y l  p h t h a l a t e  (DEHP; commonly known as "DOP") i s  examined 
fo r  o cc u p a t io n a l  c a r c in o g e n i c  p o t e n t i a l  and o v e r a l l  t o x i c i t y  in r e s p i r a t o r  
q u a n t i t a t i v e  f i t  t e s t i n g  (QNFT). A DEHP a e r o s o l  i s  used in  QNFT to  measure 
f a c e s e a l  l eakage  fo r  t he  i n d i v i d u a l  r e s p i r a t o r  w ea re r .  Under p r e s e n t  
techno logy ,  the  d i r e c t  measurement o f  f a c i a l  f i t  i n  QNFT i s  c r i t i c a l  because  
only  a l im i t e d  number o f  r e s p i r a t o r  s i z e s  and s t y l e s  a r e  marketed to 
accommodate an i n f i n i t e  a r r a y  o f  human f a c i a l  s i z e s  and c h a r a c t e r i s t i c s .  
NIOSH i n i t i a t e d  t h i s  rev iew  of QNFT when the  N a t ion a l  Toxicology  Program 
(NTP) r e p o r t e d  t h a t  DEHP was c a r c in o g e n i c  in  two ro d en t  s p e c i e s  under 
expe r im en ta l  c o n d i t i o n s  of  the  s t a n d a r d  b io a s s a y  p r o t o c o l .  A f t e r  e v a l u a t i n g  
a l l  the  i n f o r m a t io n ,  NIOSH has concluded  t h a t  a p ruden t  cou rse  must now be 
fol lowed in  QNFT. S p e c i f i c  NIOSH recommendations fo r  m a i n t a in in g  the  
im por tan t  workplace  p r a c t i c e  of  f i t t i n g  r e s p i r a t o r s  by QNFT a re  d e s c r i b e d  in  
t h i s  r e p o r t .

Although NIOSH e s t im a t e s  t he  c a r c in o g e n i c  r i s k  to  be minimal fo r  the  
r e s p i r a t o r  weare r  under normal c o n d i t i o n s ,  a t  l e a s t  the  fo l lo w in g  two 
c r i t i c a l  exposure f a c t o r s  must be c o n s id e r ed  in  QNFT: (1 )  Exposures  to  the
DEHP a e r o s o l  can vary  fo r  the  r e s p i r a t o r  weare r  be ing  t e s t e d  i f  QNFT i s  
improperly  conduc ted .  (2)  F i e l d  p r a c t i t i o n e r s  a d m i n i s t e r i n g  QNFT, 
e s p e c i a l l y  those  u s ing  p o r t a b l e  t e s t i n g  equipment where a e r o s o l  v e n t i l a t i o n  
i s  d i f f i c u l t  to  c o n t r o l ,  can be s u b j e c t e d  to  r o u t i n e  and v a ry in g  e x p o su re s .  
Because such v a r y in g  exposures  can i n c r e a s e  the  a t t e n d a n t  h a z a r d ,  NIOSH 
adv i se s  t h a t  a s u b s t i t u t e  a e r o s o l  i s  r e q u i r e d  to  r e p l a c e  DEHP in QNFT.

NIOSH t e s t e d  s e v e r a l  a g e n t s  c o n s id e r ed  l i k e l y  c a n d id a te  s u b s t i t u t e s  to  
de te rmine  t h e i r  s u i t a b i l i t y  fo r  use in  e x i s t i n g  QNFT equipment ,  o r i g i n a l l y  
made fo r  the  DEHP a e r o s o l .  The c o n c e n t r a t i o n  and s i z e  d i s t r i b u t i o n  of  the  
a e ro s o l  p a r t i c l e s ,  c r i t i c a l  f a c t o r s  in  s e l e c t i n g  a s u b s t i t u t e ,  were 
determined  fo r  each c a n d id a te  and compared to  the  a e r o s o l  c h a r a c t e r i s t i c s  of  
DEHP. Our exp e r im e n ta l  r e s u l t s  i n d i c a t e d  t h a t  (1)  r e f i n e d  corn  o i l ,  (2)  
d i - 2 - e t h y l h e x y l  s e b a c a te  (DEHS), and (3)  d im eth icone  (Dow Corning 200 f l u i d ,  
5 0 - c e n t i s t o k e )  a l l  e x h i b i t e d  p o l y d i s p e r s e  a e r o s o l  p a r t i c l e  c h a r a c t e r i s t i c s  
e s s e n t i a l l y  e q u iv a l e n t  to  tho se  g e n e ra te d  w ith  DEHP. These f i n d in g s  l a t e -  
i n i t i a t e d  d i r e c t  a p p l i c a t i o n s  o f  r e f i n e d  corn  o i l  and DEHS a e r o s o l s  in 
a c t u a l  r e s p i r a t o r  f i t t i n g  t e s t s .  F i e l d  t e s t  r e s u l t s  a t  s e v e r a l  d i f f e r e n t  
f a c i l i t i e s  showed t h a t  bo th  r e f i n e d  corn  o i l  and DEHS a e r o s o l s  a r e  h i g h ly  
s u i t e d  fo r  conduc t ing  QNFT.

A f te r  a c c e p ta b le  c a n d id a te s  were i d e n t i f i e d  by t h e i r  i n t r i n s i c  a e r o s o l  
p r o p e r t i e s ,  NIOSH a l s o  reviewed  r e p o r t s  d e s c r i b i n g  the  t o x i c i t y  and any 
a s s o c i a t e d  h e a l t h  e f f e c t s  fo r  each a g e n t ,  as an a id  in  s e l e c t i n g  t h e  b e s t  
o p t i o n .  Our rev iew r e v e a l e d  t h a t  e x t e n s iv e  l a b o r a t o r y  t e s t s  have been 
conducted  on r e f i n e d  corn  o i l  in a v a r i e t y  o f  mammalian s p e c i e s .  A ll  the  
s t u d i e s  e v a lu a t e d  i n d i c a t e d  a low t o x i c i t y  fo r  the  compound. F u r the rm ore ,  
r e f i n e d  corn  o i l  has dem ons t ra ted  a lack  of  c a r c in o g e n i c  p o t e n t i a l  d u r in g



i t s  e x t e n s iv e  use as a c o n t r o l  v e h i c l e  in  c a rc inogen  b i o a s s a y s  and o th e r  
more d i r e c t  exp e r im e n ta l  a p p l i c a t i o n s .  Although the  knowledge of  the  
t o x i c i t y  of  any compound i s  seldom com ple te ,  the  low t o x i c i t y  o f  r e f i n e d  
corn  o i l  i s  w e l l  documented,  in  c o n t r a s t  to  the  o th e r  c a n d id a t e  a g e n t s .  
Review of the  l i m i t e d  a v a i l a b l e  r e p o r t s  on DEHS and d im eth icone  i n d i c a t e d  
l i t t l e  t o x i c i t y  d a t a  t h a t  i s  r e l e v a n t  to  a QNFT exposure .  For the  moment, 
un reso lved  q u e s t i o n s  about the  m e tab o l i c  f a t e  of  DEHS, though t  to  be s i m i l a r  
to t h a t  of DEHP, a l s o  tend to  p re c lu d e  t h i s  c a n d id a te  from f u r t h e r  
c o n s i d e r a t i o n .

NIOSH a e r o s o l  t e s t  r e s u l t s  sugges ted  t h a t  a t  l e a s t  t h r e e  s u b s t a n c e s  a r e  
s u i t a b l e  fo r  use in  QNFT, whi le  the  t o x i c i t y  assessm ent  i n d i c a t e d  t h a t  only  
one of  t h e s e  agen ts  should  be c o n s id e r ed  a c c e p t a b l e .  S ince  t o x i c i t y  i s  so 
c r i t i c a l  in  the  f i n a l  s e l e c t i o n  o f  a f e a s i b l e  s u b s t i t u t e ,  NIOSH c on c lu d es ,  
from the  e xp e r im en ta l  ev idence  examined,  t h a t  r e f i n e d  corn  o i l  s t a n d s  a p a r t  
from the  o th e r  a g e n t s .  For  t h e s e  r e a s o n s ,  NIOSH recommends t h a t  a r e f i n e d  
corn  o i l  a e r o s o l  i s  t he  b e s t  o p t i o n  t o  r e p l a c e  DEHP in  QNFT. The 
a p p r o p r i a t e  maintenance  r e q u i r e m e n ts  fo r  u s in g  a r e f i n e d  corn  o i l  a e r o s o l  in  
QNFT a r e  d e s c r ib e d  in  t h i s  r e p o r t .

v
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I. INTRODUCTION

R e s p i r a t o r  d es ign  and m anufac tu r in g  s p e c i f i c a t i o n s  a r e  most e f f e c t i v e  
when the  r e s p i r a t o r  f a c e p i e c e  p r o p e r l y  f i t s  the  face  o f  t he  wearer  
( P r i t c h a r d ,  1976).  The f a c e p i e c e  f i t  o f  a r e s p i r a t o r  may be measured e i t h e r  
q u a n t i t a t i v e l y  or  q u a l i t a t i v e l y .  Q u a n t i t a t i v e  f i t  t e s t i n g  (QNFT) a c t u a l l y  
measures r e s p i r a t o r  f a c e s e a l  leakage  and r e s u l t s  in  a num er ic a l  v a l u e .  
Q u a l i t a t i v e  t e s t s  do no t  d i r e c t l y  measure f a c i a l  f i t ,  bu t  i n s t e a d  r e l y  on 
s u b j e c t i v e  r e sponses  o f  the  w ea re r ,  such as odor i d e n t i f i c a t i o n  o f  t he  vapor 
o f  a chemical  agent  l i k e  isoamyl a c e t a t e  (banana o i l ) .  P o s i t i v e  or  n e g a t i v e  
p r e s s u r e  t e s t s  and an i r r i t a n t  smoke t e s t  a r e  o th e r  examples o f  common 
q u a l i t a t i v e  p ro c e d u r e s .  S e l e c t i o n  o f  the  a p p r o p r i a t e  t e s t  depends on the  
s e v e r i t y  of  the  r e s p i r a t o r y  h aza rd  fo r  which the  r e s p i r a t o r  i s  i n t e n d e d .  
QNFT i s  h ig h ly  recommended when f a c e s e a l  leakage  must  be minimized  fo r  
occu pa t io n s  w ith  exposures  to  h i g h ly  t o x i c  a tm ospheres ,  e s p e c i a l l y  t h o se  
immediately  dangerous  to  l i f e  o r  h e a l t h .  D i r e c t  measurement o f  f a c e s e a l  
l eakage  by QNFT has become an i n t e g r a l  p a r t  o f  h e a l t h  and s a f e t y  programs 
des igned  to  reduce  workplace  exposures  t o  r e s p i r a t o r y  h a z a r d s .

D i - 2 - e th y lh e x y l  p h t h a l a t e  (DEHP), used f o r  many y e a r s  t o  g e n e r a t e  a 
p o l y d i s p e r s e  a e r o s o l  t e s t  a tmosphere  in  QNFT, i s  the  b r a n c h e d - c h a in  isomer 
o f  d i - n - o c t y l  p h t h a l a t e .  Commonly known to  r e s p i r a t o r  u s e r s  and o t h e r s  as 
"DOP," DEHP has been c o n s id e r e d  to  be w e l l  s u i t e d  fo r  QNFT because  o f  i t s  
p h y s i c a l  c h a r a c t e r i s t i c s .  A p o l y d i s p e r s e  a e r o s o l  c o n s i s t s  of  ' p a r t i c l e s  
g en e ra te d  w ith  a random s i z e  d i s t r i b u t i o n  over a narrow ra n g e ,  as opposed to  
a monodisperse a e r o s o l ,  which has  a un i fo rm  p a r t i c l e  s i z e  d i s t r i b u t i o n .  
T e s t s  u s ing  the  p o l y d i s p e r s e  DEHP a e r o s o l  have been dem ons t ra ted  to  be bo th  
a c c u r a t e  and meaningful  in  t he  e v a l u a t i o n  o f  r e s p i r a t o r  f i t  (H ya t t  e t  a l ,  
1972).  In QNFT, a human s u b j e c t  wear ing  a t e s t  r e s p i r a t o r  i s  p laced  i n  a 
chamber c o n t a in in g  the  DEHP c h a l l e n g e  a e r o s o l  n e b u l i z e d  a t  a s p e c i f i c  
c o n c e n t r a t i o n .  To de te rm ine  f a c e s e a l  l ea k a ge ,  the  a tmosphere  i n s i d e  t h e  
r e s p i r a t o r  i s  sampled through  a probe  i n s e r t e d  i n t o  the  t e s t  r e s p i r a t o r  
i n l e t  c o v e r in g ,  and the  a e r o s o l  c o n c e n t r a t i o n  i s  q u a n t i f i e d  by 
l i g h t - s c a t t e r i n g  pho tom et ry .  Leakage i s  exp re s se d  as t he  r a t i o  between the  
t e s t  c o n c e n t r a t i o n  o u t s i d e  th e  r e s p i r a t o r  and t h a t  g a in in g  e n t r a n c e  i n s i d e  
the  f a c e p i e c e .

The t o x i c i t y  of  t he  p h t h a l a t e  e s t e r s ,  i n c l u d i n g  DEHP, has  been  reviewed 
by s e v e r a l  a u th o r s  (Lawrence e t  a l ,  1975; Lawrence,  1978; Thomas e t  a l ,  
1978; K o le sa r ,  1980).  Although d i f f e r e n t  e s t e r s  o f  p h t h a l i c  a c id  have been 
r e p o r t e d  to  e x h i b i t  v a r y i n g  deg rees  o f  b i o l o g i c  e f f e c t s  in  l a b o r a t o r y  t e s t s ,  
DEHP has been c o n s id e r ed  to  have a r e l a t i v e l y  low o rd e r  of  t o x i c i t y .  Most 
r e p o r t s  have i n d i c a t e d  t h a t  i n o r d i n a t e l y  h igh  doses o f  DEHP were r e q u i r e d  t o  
e l i c i t  t o x i c  e f f e c t s  in  a wide v a r i e t y  of  mammalian s p e c i e s .  However, 
con t in u ed  i n t e r e s t  in  t he  t o x i c i t y  o f  s e v e r a l  p h t h a l a t e  e s t e r s  and t h e i r  
e x t e n s iv e  commercial a p p l i c a t i o n s  prompted the  N a t io n a l  Toxicology  Program 
(NTP) to  conduct  ch ro n ic  b i o a s s a y  t e s t i n g  o f  DEHP f o r  p o s s i b l e  
c a r c i n o g e n i c i t y  (NTP T echn ica l  R epo r t ,  1982).  Under t he  ex p e r im e n ta l  
c o n d i t i o n s  o f  the  NTP t e s t ,  DEHP e l i c i t e d  s t a t i s t i c a l l y  s i g n i f i c a n t
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i n c r e a s e s  in  t h e  in c i d e n c e  o f  h e p a t o c e l l u l a r  carc inomas in  bo th  sexes  of  
B6C3F1 mice and in  female F i s c h e r  344 r a t s .  The d a t a  f u r t h e r  su gges ted  t h a t  
the  inc ide n ce  o f  t h e s e  l i v e r  neoplasms was d o s e - r e l a t e d .

Because  o f  i t s  p r e v i o u s l y  r e p o r t e d  low o r d e r  o f  t o x i c i t y ,  DEHP h a s  b e e n  
c o n s i d e r e d  a s  an a c c e p t a b l e  s u b s t a n c e  t o  g e n e r a t e  a t e s t  a t m o s p h e r e  f o r  
QNFT. However,  t h e  NTP's  r e c e n t  f i n d i n g  t h a t  DEHP i s  c a r c i n o g e n i c  t o  
r o d e n t s  r a i s e s  q u e s t i o n s  a b o u t  t h e  c a r c i n o g e n i c  p o t e n t i a l  and human r i s k s  t o  
t h e  QNFT a e r o s o l .  T h i s  NIOSH r e p o r t  r e v i e w s  b o t h  t h e  o v e r a l l  t o x i c i t y  and 
t h e  c a r c i n o g e n i c  p o t e n t i a l  o f  DEHP, and d e s c r i b e s  NIOSH t e s t  r e s u l t s  
i n d i c a t i n g  t h a t  o t h e r  a g e n t s  may be  s u b s t i t u t e d  f o r  t h e  DEHP a e r o s o l  in  
QNFT. S u b s t i t u t e  a e r o s o l s  were g e n e r a t e d  w i t h  t h e  same eq u ip m e n t  o r i g i n a l l y  
made f o r  DEHP u s e .  The t o x i c i t y  o f  e a c h  p o t e n t i a l  s u b s t i t u t e  i s  a l s o  
e x a m in e d .

The t h e r m a l  g e n e r a t i o n  o f  a m o n o d i s p e r s e  DEHP a e r o s o l ,  u s e d  t o  t e s t  
f i l t e r  m a t e r i a l  e f f i c i e n c y  i n  r e s p i r a t o r  c a r t r i d g e s  o r  o t h e r  a i r  f i l t r a t i o n  
s y s t e m s ,  i s  n o t  r e v i e w e d  h e r e .  T h i s  u s e  o f  DEHP i s  d i f f e r e n t  f rom QNFT and 
s h o u l d  c o n s t i t u t e  a s e p a r a t e  s t u d y .  F i l t e r  t e s t s  w i t h  DEHP i n v o l v e  a 
d i f f e r e n t  t y p e  o f  e x p o s u r e ,  and t h e  m o n o d i s p e r s e  a e r o s o l  i s  g e n e r a t e d  a t  
such  a h i g h  t e m p e r a t u r e  t h a t  t h e r m a l  breakdown p r o d u c t s  o f  DEHP can r e s u l t .  
A QNFT p r o t o c o l  u s i n g  a p o l y d i s p e r s e  so d ium c h l o r i d e  a e r o s o l  i s  a l s o  n o t  
d i s c u s s e d  h e r e ,  s i n c e  t h i s  p r o t o c o l  u s e s  d i f f e r e n t  eq u ip m en t  t h a n  t h a t  f o r  
t h e  DEHP m e thod .
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I I .  TOXICITY OF DI-2-ETHYLHEXYL PHTHALATE (DEHP)

G e n e r a l  T o x i c i t y
The d a t a  r e v i e w e d  be low  s u g g e s t  t h a t  DEHP h a s  a low o r d e r  o f  a c u t e  

t o x i c i t y .  T a b l e  I I - l  l i s t s  LD5 0  v a l u e s  i n  f o u r  a n i m a l  s p e c i e s  by 
i n t r a v e n o u s  ( i v ) ,  i n t r a p e r i t o n e a l  ( i p ) ,  o r a l  ( p e r  os o r  p o ) ,  o r  d e rm a l
e x p o s u r e  r o u t e s ,  as  a d a p t e d  from Thomas e t  a l  ( 1 9 7 8 ) .  S u b a c u t e  and c h r o n i c  
t o x i c  e f f e c t s  o c c u r r e d  o n l y  a t  r e l a t i v e l y  h i g h  d o s e s .  R a t s  a d m i n i s t e r e d  
0.35% DEHP i n  t h e  d i e t  f o r  1 y e a r  e x h i b i t e d  low er  body w e i g h t s  and i n c r e a s e d  
l i v e r  and k i d n e y  w e i g h t s  (N ikonorow e t  a l , 1 9 7 3 ) .  No p a t h o l o g i c  c h a n g e s
were  found i n  t h e  l i v e r ,  k i d n e y s ,  o r  s p l e e n .  At a d a i l y  o r a l  d o s e  o f  0 . 2  
g /k g  t o  r a t s  f o r  90 d a y s ,  S h a f f e r  e t  a l  (1 945)  r e p o r t e d  no h e m a t o l o g i c  o r  
p a t h o l o g i c  a l t e r a t i o n s .  S i m i l a r  low t o x i c i t y  h a s  b e e n  r e p o r t e d  f o r  o t h e r  
p h t h a l a t e  p l a s t i c i z e r s  (G aun t  e t  a l ,  1 9 6 8 ) .

Lawrence e t  a l  ( 1 9 7 5 )  s t u d i e d  c u m u l a t i v e  e f f e c t s  o f  DEHP o r  d i - n - o c t y l  
p h t h a l a t e  i n  male  ICR m i c e .  A s e r i e s  o f  d o s e s  o f  e i t h e r  p h t h a l a t e  e s t e r  was 
i n j e c t e d  i p  i n t o  g ro u p s  o f  male  mice  5 d a y s / w e e k ,  and an  a p p a r e n t  LD5 0  was 
c a l c u l a t e d  a t  t h e  end o f  each  week .  T h i s  p r o c e d u r e  was f o l l o w e d  u n t i l  t h e  
a p p a r e n t  LD5 Q re m a in e d  c o n s t a n t  f o r  3 c o n s e c u t i v e  w eeks ,  a t  w hic h  t i m e  i t  
was assumed t h a t  t h e  c h r o n i c  t o x i c i t y  v a l u e  had  b e e n  r e a c h e d .  C u m u la t iv e  
d o s e s  c a u s e d  t h e  c a l c u l a t e d  a p p a r e n t  LD5 0  v a l u e s  t o  d e c r e a s e  as  t h e  
a n i m a l s  were t r e a t e d .  The i n i t i a l  LD5 0  v a l u e s  were  6 5 , 0 0 0  mg/kg 
( d i - n - o c t y l  p h t h l a t e )  and 3 7 ,8 0 0  mg/kg (DEHP). At t h e  end o f  1 week ,  t h e
c a l c u l a t e d  LD5 0  d ro p p ed  t o  2 5 ,0 0 0  mg/kg ( d i - n - o c t y l  p h t h a l a t e )  and 6 , 4 0 0
mg/kg (DEHP). The t o x i c  r e s p o n s e  s t a b i l i z e d  by week 10 a t  3 , 1 0 0  mg/kg 
( d i - n - o c t y l  p h t h a l a t e )  and 1 ,4 0 0  mg/kg (DEHP). The a u t h o r s  c o n c l u d e d  t h a t  a 
c u m u l a t i v e  e f f e c t  r e s u l t e d  f rom r e p e a t e d  e x p o s u r e s  t o  DEHP o r  d i - n - o c t y l  
p h t h a l a t e .  Such d r a m a t i c  i n c r e a s e s  i n  l e t h a l i t y  o v e r  t im e  w ere  i n t e r p r e t e d  
by Lawrence  e t  a l  t o  i n d i c a t e  a ne ed  t o  r e c o n s i d e r  t h e  e l e m e n t  o f  s a f e t y
assumed from t h e  r e l a t i v e l y  h i g h  LD5 0  v a l u e s  o b s e r v e d  f o r  t h e s e  p h t h a l a t e  
e s t e r s .
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TABLE I I - 1

DEHP ACUTE LETHALITY

S p e c i e s Route LD5 0  ( g / k g ) Re f e r e n c e

Mouse po 6 5 . 0 * Lawrence  e t  a l ,  1975
I I ip 14 .2 C a l l e y  e t  a l , 1966
I I i i 2 0 Mori  e t  a l ,  1967

Rat i i 50* Singh  e t  a l ,  1972
t i po 26 F a s s e t t ,  1963
i i i i 3 0 . 6 S h a f f e r  e t  a l ,  1945
i i i v 13* M i r i p o l  e t  a l ,  1975

R a b b i t po 3 3 .9 S h a f f e r  e t  a l ,  1945
11 i v 31 H a r r i s  e t  a l ,  1956

Guinea  p i g Dermal 1 0 * F a s s e t t ,  1963
*LD5 0  g i v e n  i n  m l / k g

Adapted  from Thomas e t  a l ,  1978

M e ta b o l i s m  and E x c r e t i o n
DEHP was r a p i d l y  e x c r e t e d  w i t h i n  24 h o u r s  a f t e r  e i t h e r  po o r  i v

a d m i n i s t r a t i o n  t o  male  r a t s  (T anaka  e t  a l , 1 9 7 5 ) .  S i m i l a r  f i n d i n g s  f o r  DEHP 
i n  r a t s  were r e p o r t e d  by Lake e t  a l  ( 1 9 7 5 )  f o l l o w i n g  po a d m i n i s t r a t i o n .
D a n i e l  and B r a t t  ( 1 9 7 4 )  examined  e x c r e t i o n  p a t t e r n s  f o l l o w i n g  a s i n g l e  po 
a d m i n i s t r a t i o n  o f  ^ ^ C - l a b e l e d  DEHP ( 1 . 8  mCi; 2 . 9  mg/kg)  i n  male  and fe m a le
W i s t a r  r a t s .  R a t s  e x c r e t e d  42% o f  t h e  d o s e  i n  t h e  u r i n e  and 57% i n  t h e
f e c e s  w i t h i n  7 d a y s .  I n  b i l i a r y - c a n u l a t e d  r a t s ,  14% o f  t h e  d o s e  wa 
e x c r e t e d  i n  4 d a y s .  A n im als  f e d  1 ,000  ppm o f  DEHP i n  t h e  d i e t  f o r  7 days
b e f o r e  a d m i n i s t r a t i o n  o f  l ^ C - l a b e l e d  DEHP had 57% o f  t h e  r a d i o a c t i v e  l a b e l  
i n  t h e  u r i n e  and  38% i n  t h e  f e c e s  i n  4 d a y s .  B i l i a r y - c a n u l a t e d  r a t s
e x c r e t e d  9% o f  t h e  d o s e  i n  4 d a y s .  When fe d  c o n t i n u o u s l y  a t  c o n c e n t r a t i o n s  
o f  1 ,000  ppm o r  5 ,0 0 0  ppm, DEHP c o n c e n t r a t i o n s  i n  t h e  l i v e r  a t t a i n e d  a
s t e a d y  s t a t e  i n  9 - 1 4  d a y s .  No f u r t h e r  DEHP a c c u m u l a t i o n  was o b s e r v e d  when
e q u i l i b r i u m  was a c h i e v e d .  A f t e r  r a t s  were  r e t u r n e d  t o  a no rm a l  d i e t ,  t h e  
h a l f - l i f e  o f  r a d i o a c t i v i t y  d e c l i n e d  i n  t h e  l i v e r  ( 1 - 2  d a y s )  and f a t  ( 3 - 5  
d a y s ) .

I k e d a  e t  a l  (1 979)  e v a l u a t e d  s p e c i e s  d i f f e r e n c e s  i n  DEHP e x c r e t i o n  
p a t t e r n s .  DEHP (50  mg/kg)  was a d m i n i s t e r e d  i n  t h e  d i e t  t o  male  
S prague-D aw ley  r a t s ,  b e a g l e  d o g s ,  and m i n i a t u r e  Hormel s t r a i n  p i g s  f o r  21 -28  
d ays  b e f o r e  a s i n g l e  d o s e  o f  ^ ^ C - l a b e l e d  DEHP ( 9 . 7 4  mCi/mmol; 50 m g / k g ) .
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Animals  were k i l l e d  a t  v a r i o u s  t i m e s ,  and t h e  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  
was a n a l y z e d  i n  s p e c i f i c  o r g a n s  and t i s s u e s .  The a u t h o r s  o b s e r v e d  t h a t  
a p p r o x i m a t e l y  84% o f  t h e  l a b e l e d  m a t e r i a l  was e x c r e t e d  i n  t h e  u r i n e  and 
f e c e s  o f  r a t s  d u r i n g  t h e  f i r s t  24 h o u r s .  E x c r e t i o n  d u r i n g  t h i s  t i m e  was 67% 
o f  t h e  l a b e l e d  DEHP i n  dogs and 37% i n  p i g s .  F o r  a l l  t h r e e  s p e c i e s ,  DEHP 
e x c r e t i o n  was v i r t u a l l y  c o m p l e t e  w i t h i n  4 d a y s .  Amounts o f  r a d i o a c t i v i t y  
d e t e c t e d  i n  m u s c le  and f a t  o f  b o t h  dogs and  p i g s  d i d  n o t  d e c r e a s e  a s  r a p i d l y  
a s  t h o s e  i n  l i v e r  o r  lu n g  t i s s u e .  The a u t h o r s  e m p h a s iz e d  t h a t  t h e  g r e a t e r  
amounts  o f  f a t  and m u s c l e  t i s s u e  i n  t h e  dog and p i g  w ere  p r o b a b l y  
r e s p o n s i b l e  f o r  t h e  s l o w e r  d e p l e t i o n  o f  l a b e l e d  m a t e r i a l .  I n  a d d i t i o n ,
t h e s e  i n v e s t i g a t o r s  n o t e d  f o u r  r a d i o a c t i v e  l a b e l e d  s u b s t a n c e s  i n  r a t  u r i n e ,  
t h r e e  i n  dog u r i n e ,  and f i v e  i n  p i g  u r i n e .  No more t h a n  a  t r a c e  o f  
u n m e t a b o l i z e d  DEHP c o u l d  be d e t e c t e d  i n  t h e  u r i n e  o f  e a c h  s p e c i e s .  I n  1981,  
A lb r o  e t  a l  r e p o r t e d  e v i d e n c e  o f  s p e c i e s  v a r i a t i o n s  i n  r o d e n t s ,  A f r i c a n  
g r e e n  monkeys,  and humans .  The i n v e s t i g a t o r s  o b s e r v e d  t h a t  p r i m a t e s  e x c r e t e  
g l u c u r o n i d e  c o n j u g a t e s  o f  m o n o ( 2 - e t h y l h e x y l ) p h t h a l a t e  (MEHP), and r a t s
e x c r e t e  a l k y l  d i a c i d s .  T h u s ,  t h e  mechan isms f o r  t h e  e l i m i n a t i o n  o f  DEHP i n  
p r i m a t e s  and r o d e n t s  a p p e a r  t o  d i f f e r .

L i m i t e d  p h a r m a c o k i n e t i c  i n v e s t i g a t i o n s  o f  DEHP h a v e  b e e n  r e p o r t e d .
D a n i e l  and B r a t t  (1 974)  o b s e r v e d  t h a t  DEHP was e x t e n s i v e l y  m e t a b o l i z e d  
f o l l o w i n g  po a d m i n i s t r a t i o n  t o  male  and f e m a le  W i s t a r  r a t s .  I n  r o d e n t s ,  
DEHP i s  i n i t i a l l y  h y d r o l y z e d  t o  2 - e t h y l h e x a n o l  and MEHP ( A l b r o  e t  a l ,  1973;  
D a n i e l  and B r a t t ,  1 9 7 4 ) .  The r e m a i n i n g  a l k y l  c h a i n  o f  t h e  m o n o e s t e r  may 
t h e n  be  o x i d i z e d  t o  form a c i d s ,  a l c o h o l s ,  and k e t o n e s .  A l th o u g h  h y d r o l y s i s  
o f  DEHP may o c c u r  i n  t h e  l i v e r  o r  s m a l l  i n t e s t i n e ,  D a n i e l  and B r a t t  (1974)  
o b s e r v e d  t h a t  DEHP was more r a p i d l y  h y d r o l y z e d  i n  v i t r o  when i n c u b a t e d  w i t h  
p a n c r e a t i c  l i p a s e  t h a n  w i t h  r a t  l i v e r  h o m o g e n a te .

C a r c i n o g e n i c  E f f e c t s  i n  A n im als
P o s i t i v e  e v i d e n c e  o f  DEHP c a r c i n o g e n i c i t y  r e s u l t e d  when t h e  NTP t e s t e d

t h e  compound u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  o f  t h e  c h r o n i c  b i o a s s a y  
p r o t o c o l  (NTP T e c h n i c a l  R e p o r t ,  1 9 8 2 ) .  T e s t i n g  r e s u l t s  i n d i c a t e d  t h a t  DEHP 
e l i c i t e d  t r e a t m e n t - r e l a t e d  i n c r e a s e s  i n  t h e  i n c i d e n c e  o f  l i v e r  c a r c i n o m a s  i n  
two r o d e n t  s p e c i e s .  Groups o f  50 m ale  and  50 f em a le  F i s c h e r  344 r a t s  
r e c e i v e d  e i t h e r  1 2 ,0 0 0  ppm ( t h e  maximum t o l e r a t e d  d o s e )  o r  6 ,0 0 0  ppm o f  DEHP 
i n  t h e i r  d i e t s  d a i l y  f o r  103 w eeks .  M ic e ,  50 m a le s  and 50 f e m a l e s  o f  t h e  
B6C3F1 s t r a i n ,  w ere  a l s o  f e d  d i e t s  c o n t a i n i n g  DEHP a t  e i t h e r  6 , 0 0 0  (maximum 
t o l e r a t e d  d o s e )  o r  3 ,0 0 0  ppm f o r  103 w e e k s .  R e s u l t s  w e re  compared w i t h  
t h o s e  o f  m a tched  c o n t r o l  a n i m a l s ,  50 u n t r e a t e d  r a t s  and 50 u n t r e a t e d  m i c e ,  
o f  b o t h  s e x e s .  S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  i n c o r p o r a t e d  t h e  o n e - t a i l e d  
F i s h e r  e x a c t  t e s t  t o  compare  t h e  tumor i n c i d e n c e  o b s e r v e d  i n  c o n t r o l s  w i t h  
t h a t  i n  d o sed  a n i m a l s  a t  e a c h  l e v e l .

Male r a t s  e x h i b i t e d  an i n c r e a s e d  i n c i d e n c e  o f  h e p a t o c e l l u l a r  c a r c i n o m a s  
o r  n e o p l a s t i c  n o d u l e s  i n  a s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  r e l a t i o n  
(p  = 0 . 0 1  a t  t h e  h i g h  d o s e  when compared  w i t h  u n t r e a t e d  c o n t r o l s  ( T a b l e  
I I - 2 ) .  I n  f em a le  r a t s ,  s i g n i f i c a n t  i n c r e a s e  (p  = 0 .0 1 2  i n  t h e  l o w - d o s e
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group  and p < 0 . 0 0 1  i n  t h e  h i g h - d o s e  g r o u p )  i n  t h e  i n c i d e n c e  o f  
h e p a t o c e l l u l a r  c a r c i n o m a s  o r  n e o p l a s t i c  n o d u l e s  was r e p o r t e d .  A s i g n i f i c a n t  
i n c r e a s e  (p  = 0 . 0 0 3 )  i n  h e p a t o c e l l u l a r  c a r c i n o m a s  was found  i n  f e m a le  r a t s  
o n l y  a t  t h e  h i g h  dose  ( a  16% f i n a l  i n c i d e n c e  o f  l i v e r  c a r c i n o m a s ,  compared 
w i t h  0% i n  c o n t r o l s ) .  The i n c i d e n c e  o f  h e p a t o c e l l u l a r  c a r c i n o m a s  a l o n e  was 
s i g n i f i c a n t l y  i n c r e a s e d  o n l y  i n  t h e  fe m a le  r a t s  r e c e i v i n g  t h e  h i g h  d o s e .  
N e o p l a s t i c  l i v e r  n o d u l e s ,  o b s e r v e d  i n  b o t h  male  and fe m a le  r a t s ,  a r e  t h o u g h t  
by NTP t o  be p r e c u r s o r s  i n  a p r o g r e s s i o n  t o  h e p a t o c e l l u l a r  c a r c i n o m a s .

H i s t o p a t h o l o g i c  e x a m i n a t i o n  r e v e a l e d  t h a t  b o t h  male  and f e m a le  B6C3F1 
mice e x h i b i t e d  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  i n c i d e n c e  o f  h e p a t o c e l l u l a r  
c a r c i n o m a s .  Male mice had  i n c i d e n c e s  o f  29% ( low  d o s e )  and 38% ( h i g h  d o s e ) ,  
compared w i t h  18% i n  u n t r e a t e d  m a tched  c o n t r o l s ;  o n ly  t h e  i n c i d e n c e  o f  t h e  
h i g h - d o s e  g roup  was s i g n i f i c a n t l y  i n c r e a s e d  (p  = 0 . 0 0 2 ) .  F em a le s  had a 14% 
( lo w  d o s e )  and a 34% ( h i g h  d o s e )  i n c i d e n c e  o f  h e p a t o c e l l u l a r  c a r c i n o m a s ,  
compared w i t h  an a b s e n c e  o f  such c a r c i n o m a s  i n  ma tc hed  c o n t r o l s  ( T a b l e  
I I - 2 ) .  The i n c i d e n c e  o f  l i v e r  c a r c i n o m a s  was s i g n i f i c a n t l y  i n c r e a s e d  f o r  
f e m a le s  i n  b o t h  t h e  lo w - d o s e  (p  = 0 . 0 0 6 )  and h i g h - d o s e  (p < 0 . 0 0 1 ) g r o u p s .  
H e p a t o c e l l u l a r  adenomas a l s o  r e s u l t e d  i n  m ice  o f  b o t h  s e x e s  a t  i n c i d e n c e s  
h i g h e r  t h a n  matched c o n t r o l s  i n  m a le s  ( a t  b o t h  d o s e s )  and i n  f e m a l e s  ( a t  t h e  
low d o s e ) ,  a l t h o u g h  t h e s e  d i f f e r e n c e s  were  n o t  r e p o r t e d  t o  be s t a t i s t i c a l l y  
s i g n i f i c a n t .  However,  h e p a t o c e l l u l a r  c a r c i n o m a s  o r  adenomas o f  t h e  l i v e r  i n  
b o t h  s e x e s  o f  mice were  o b s e r v e d  i n  a s t a t i s t i c a l l y  p o s i t i v e  r e l a t i o n  when 
compared w i t h  c o n t r o l s .  H i g h - d o s e  male  mice  e x h i b i t e d  a s i g n i f i c a n t  
i n c i d e n c e  (p = 0 . 0 0 2 ) o f  h e p a t o c e l l u l a r  c a r c i n o m a s  o r  adenomas;  i n  t h e
lo w -d o se  g r o u p ,  s i g n i f i c a n t  i n c i d e n c e  (p  = 0 . 0 1 3 )  was o b s e r v e d .  Fem a le s  had 
a s i g n i f i c a n t  i n c i d e n c e  (p  = 0 . 0 0 1 ) o f  h e p a t o c e l l u l a r  c a r c i n o m a s  o r  adenomas 
a t  e i t h e r  d o s e .

A s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  d o s e - r e l a t e d  t r e n d  o f  
c a r c i n o g e n i c i t y  was a l s o  r e p o r t e d  f o r  D E H P - t r e a t e d  r a t s  and mice by t h e  
Cochra n  -  A rm i ta g e  t e s t  f o r  l i n e a r i t y .  Under  t h i s  s t a t i s t i c a l  t e s t ,  t h e  
d i r e c t i o n  o f  a s i g n i f i c a n t  t r e n d  i n d i c a t e s  a p o s i t i v e  d o se  r e l a t i o n s h i p  t o  
t h e  c a r c i n o g e n i c  r e s p o n s e .  Male  r a t s  e x h i b i t e d  h e p a t o c e l l u l a r  c a r c i n o m a s  o r  
n e o p l a s t i c  n o d u l e s  w i t h  a l i n e a r  t r e n d  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  t h e  
p o s i t i v e  d i r e c t i o n  (p = 0 . 0 0 7 ) .  The C o c h r a n - A r m i t a g e  t e s t  f o r  f e m a le  r a t s  
was a l s o  s i g n i f i c a n t  i n  t h e  p o s i t i v e  d i r e c t i o n  (p < 0 . 0 0 1 ) f o r  
h e p a t o c e l l u l a r  c a r c i n o m a s  and n e o p l a s t i c  n o d u l e s .  I n  m i c e ,  h e p a t o c e l l u l a r  
c a r c i n o m a s  o r  adenomas o f  t h e  l i v e r  showed a s i g n i f i c a n t  p o s i t i v e  r e l a t i o n  
t o  do se  (p  = 0 . 0 0 2  f o r  l i n e a r  t r e n d  i n  m a le s  and p < 0 . 0 0 1  f o r  f e m a l e s ) .

NTP c o n c l u d e d  t h a t  DEHP was c a r c i n o g e n i c  i n  t h e  two s p e c i e s  o f  r o d e n t s  
u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  o f  t h e  s t a n d a r d  b i o a s s a y .  A s t a t i s t i c a l l y  
s i g n i f i c a n t  i n c r e a s e  i n  t h e  i n c i d e n c e  o f  h e p a t o c e l l u l a r  c a r c i n o m a s  r e s u l t e d  
i n  D E H P - t r e a te d  male  and f em a le  B6C3F1 mice  and f em a le  F i s c h e r  344 r a t s  when 
compared w i t h  c o n t r o l s .  T h i s  r e s p o n s e  was a t t r i b u t e d  t o  DEHP 
a d m i n i s t r a t i o n .  S u r v i v a l  r a t e s  o f  t h e  mice  and r a t s  ex p o sed  t o  DEHP d i d  n o t  
d i f f e r  f rom t h o s e  o f  c o n t r o l s ,  a c c o r d i n g  t o  t h e  r e p o r t .  No s t a t i s t i c a l l y  
s i g n i f i c a n t  t r e n d s  i n  m o r t a l i t y  w ere  a s s o c i a t e d  w i t h  a d m i n i s t r a t i o n  o f  DEHP.
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TABLE I 1 - 2

INCIDENCE OF LIVER NEOPLASMS IN FISCHER 344 RATS 
AND B6C3F1 MICE AFTER A 2-YEAR 

DIET CONTAINING DEHP

Fischer 344 Rats Untreated
Matched
Controls

Low Dose 
( 6 , 0 0 0  ppm)

High Dose 
( 1 2 , 0 0 0  ppm)

Males

Liver
Neoplastic nodules 
Hepatocellular carcinomas

2/50(4 % )
1/50(2%)

5/49(10%)
1/49(2%)

7 /50(14%)
5 /50(1 0%)

Females

Liver
Neoplastic nodules 
Hepatocellular carcinomas

0 /5 0 (0% )
0/50(0% )

4 /4 9 (8% )
2/49(4%)

5 /50(1 0%)
8 /5 0 (1 6 % )*

B6C3F1 Mice
Untreated
Matched
Controls

Low Dose 
( 3 , 0 0 0  ppm)

High Dose 
( 6 , 0 0 0  ppm)

Males

Liver
Hepatocellular adenomas 
Hepatocellular carcinomas

6 /50(1 2% )
9 /50(18%)

11/48(23%)
14/48(29%)

10 /50(20%)
19 /50(38% )*

Females

Liver
Hepatocellular adenomas 
Hepatocellular carcinomas

1/50(2%)
0 /50(0% )

5/50(10%)
7 /50(14% )*

1/50(2% )
1 7 /50(34% )*

* S i g n i f i c a n t l y  h i g h e r  i n c i d e n c e  o f  h e p a t o c e l l u l a r  c a r c i n o m a s  i n  t r e a t e d  
a n i m a l s  when compared  w i t h  u n t r e a t e d  m a tched  c o n t r o l s  ( a s  d e t e r m i n e d  by  t h e  
o n e - t a i l e d  F i s h e r  e x a c t  t e s t ) .

D a ta  e x c e r p t e d  from NTP T e c h n i c a l  R e p o r t ,  1982.
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M u t a g e n ic  E f f e c t s
No d e f i n i t i v e  e v i d e n c e  o f  m u t a g e n i c i t y  h a s  b e e n  r e p o r t e d  f o r  DEHP,

a l t h o u g h  a v a r i e t y  o f  t e s t s  h a v e  b e e n  p e r f o r m e d  i n  b a c t e r i a  and mammalian 
c e l l  c u l t u r e s .  Fo r  e x a m p le ,  i n  t h e  S a l m o n e l l a  i n  v i t r o  t e s t  f o r  
m u t a g e n i c i t y  u s i n g  a t h o u s a n d f o l d  r a n g e  o f  c o n c e n t r a t i o n s  up t o  
2 2 ,5 0 0  y g / p l a t e  ( f u l l - s t r e n g t h  DEHP), no e x c e s s e s  ( g r e a t e r  t h a n  2 t i m e s  
t h a t  o f  c o n t r o l  v a l u e s )  o f  r e v e r t a n t s  o c c u r r e d  e i t h e r  w i t h  o r  w i t h o u t  l i v e r  
m ic ro so m a l  ( S - 9 )  a c t i v a t i o n  (Hanson ,  1 9 7 9 ) .  S i m i l a r  r e s u l t s  w ere  r e p o r t e d  
w i t h  DEHP and i t s  p r i n c i p a l  m e t a b o l i t e ,  m o n o - e t h y l h e x y l  p h t h a l a t e  (MEHP), a t  
c o n c e n t r a t i o n s  up t o  1 ,0 0 0  y g / p l a t e  (R ub in  e t  a l , 1 9 7 9 ) .  One r e p o r t
d e s c r i b e d  e x c e s s  r e v e r t a n t s  i n  S a l m o n e l l a  s t r a i n  TA 100 w i t h  5 , 0 0 0  yg DEHP 
p l u s  S-9 (T o m i ta  and Nakamura,  1 9 7 8 ) .  However ,  no o t h e r  c o n c e n t r a t i o n s  o r  
d o s e - r e s p o n s e  r e l a t i o n s h i p s  were  g i v e n  by  t h e  a u t h o r s .  NIOSH r e c e n t l y  
c o n d u c t e d  S a l m o n e l l a  m u t a g e n i c i t y  t e s t i n g  o f  DEHP t o  a s s e s s  t h e  m u t a g e n i c  
r e s p o n s e  o f  t e s t  s t r a i n s  TA 9 8 ,  TA 100,  TA 1535,  and TA 1537 (Ong,  1 9 8 1 ) .  
No m u t a g e n i c  a c t i v i t y  was e v i d e n t  i n  any o f  t h e  s t r a i n s ,  e i t h e r  w i t h  o r  
w i t h o u t  S-9 a c t i v a t i o n .

DEHP a t  50 i i g / d i s c  y i e l d e d  n e g a t i v e  r e s u l t s  i n  t h e  B s u b t i l i s  
R e c - a s s a y  f o r  DNA damage (T o m i t a  and Nakamura,  1 9 7 8 ) .  No i n c r e a s e s  i n
chromosomal  a b e r r a t i o n s  w ere  r e p o r t e d  f o l l o w i n g  i n  v i t r o  e x p o s u r e s  o f  up t o  
60 yg DEHP/ml i n  c u l t u r e d  human l e u k o c y t e s  o r  human f e t a l  l u n g  c e l l s
( S t e n c h e v e r  e t  a l ,  1976)  o r  i n  C h i n e s e  h a m s t e r  c e l l s  ( I s h i d a t e  and Odash ima,  
1 9 7 7 ) .

T e r a t o g e n i c / R e p r o d u c t i v e  E f f e c t s
A s i n g l e  po do se  o f  DEHP ( 1 . 0  m l / k g ) ,  a d m i n i s t e r e d  on day 7 o f  g e s t a t i o n  

t o  a random mouse s t r a i n  ( d d Y - S tc  f e m a l e  x CBA m a l e ) ,  e l i c i t e d  s k e l e t a l  
a b n o r m a l i t i e s  i n  18.4% o f  38 l i v e  f e t u s e s ;  u n t r e a t e d  c o n t r o l s  e x h i b i t e d  no 
a d v e r s e  e f f e c t s  (Nakamura e t  a l ,  1 9 7 9 ) .  S k e l e t a l  a b n o r m a l i t i e s  i n c l u d e d  
e l o n g a t e d  and f u s e d  r i b s ,  a b s e n c e  o f  t a i l  b o n e s ,  ab n o rm a l  o r  i n c o m p l e t e  
s k u l l  b o n e s ,  and i n c o m p l e t e  o r  m i s s i n g  l e g  b o n e s .  I n  a d d i t i o n ,  t h e  
i n c i d e n c e  o f  l a t e  f e t a l  d e a t h s  was 58.5% a s  compared  w i t h  1.3% i n  u n t r e a t e d  
c o n t r o l s .  When a  h i g h e r  d o s e  o f  DEHP, 2 . 5  m l / k g ,  was g i v e n  on day  7,  an  
even  g r e a t e r  i n c i d e n c e  o f  s k e l e t a l  m a l f o r m a t i o n s  and e a r l y  f e t a l  d e a t h s  
r e s u l t e d .  At d o s e s  o f  5 . 0  o r  1 0 . 0  m l / k g ,  an  i n c r e a s e  i n  t h e  i n c i d e n c e  o f  
e a r l y  f e t a l  d e a t h s  was o b s e r v e d  above  t h a t  fo und  i n  mice  r e c e i v i n g  1 . 0  
m l / k g .  However ,  when DEHP was a d m i n i s t e r e d  on e a r l i e r  o r  l a t e r  d ay s  o f  
g e s t a t i o n ,  t h e s e  e f f e c t s  w ere  e i t h e r  r e d u c e d  o r  a b s e n t .  F e t u s e s  f rom 
a n i m a l s  t r e a t e d  on day  7 w i t h  l o w e r  d o s e s  o f  DEHP ( 0 . 0 5  o r  0 . 1  m l / k g )  d i d  
n o t  e x h i b i t  g r o s s  o r  s k e l e t a l  m a l f o r m a t i o n s ,  and t h e r e  was no e v i d e n c e  o f  an 
i n c r e a s e  i n  t h e  i n c i d e n c e  o f  i n d u c e d  e a r l y  f e t a l  d e a t h s .  B e c a u se  t h e r e  was 
a  l i n e a r  r e l a t i o n s h i p  b e tw e e n  f e t a l  d e a t h  and t h e  d o s e  o f  DEHP, t h e  a u t h o r s  
c a l c u l a t e d  t h e  n o n e f f e c t i v e  maximum d o s e  i n  t h e  mouse t o  be  0 .0 6 5  m l / k g  (64  
m g / k g ) .  A l t h o u g h  a l i n e a r  r e l a t i o n s h i p  was o b s e r v e d  b e t w e e n  d o s e  and o t h e r  
f e t o t o x i c  e f f e c t s ,  t h e  a u t h o r s  c o n c l u d e d  t h a t  e x a c t  v a l u e s  o f  t h e  
n o n e f f e c t i v e  maximum d o s e  f o r  g r o s s  and s k e l e t a l  a b n o r m a l i t i e s  must  a w a i t  
f u r t h e r  s t u d y .
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M a t e r n a l  and f e t a l  e f f e c t s  i n  r a t s  e x p o s e d  t o  DEHP o v e r  a  w ide  r a n g e  o f  
d o s e s  h a v e  a l s o  b e e n  s t u d i e d .  P r e g n a n t  W i s t a r  r a t s  f ed  DEHP a t  d o s e s  
r a n g i n g  from 200 t o  1 ,700  m g /k g /d a y  d u r i n g  g e s t a t i o n  h a d  l i t t e r s  w i t h  
r e d u c e d  f e t a l  body w e i g h t s  and i n c r e a s e d  r e s o r p t i o n s  o n l y  when m a t e r n a l  
d o s e s  were 340 mg/kg o r  g r e a t e r  (Nikonorow e t  a l ,  1973;  Onda e t  a l ,  1 9 7 6 ) .  
F u r t h e r m o r e ,  no a d v e r s e  e f f e c t  on f e t a l  s k e l e t a l  d e v e lo p m e n t  c o u l d  b e  
r e l a t e d  t o  d o s e s  r a n g i n g  from 340 t o  1 ,7 0 0  mg/kg (Nikonorow e t  a l ,  1 9 7 3 ) .  
DEHP (340 and  1 ,7 0 0  m g / k g / d a y )  was a l s o  a d m i n i s t e r e d  by gavage  f o r  3 mon ths  
p r i o r  t o  m a t i n g  fe m a le  W i s t a r  r a t s ,  b u t  n o t  d u r i n g  g e s t a t i o n .  W h i le  t h e s e
d o s e s  p r o d u c e d  a s i g n i f i c a n t  i n c r e a s e  i n  mean m a t e r n a l  l i v e r  w e i g h t s ,  no
a d v e r s e  e m b r y o - f e t o t o x i c  e f f e c t s  w ere  o b s e r v e d .

E m b r y o - f e t o t o x i c  e f f e c t s  o b s e r v e d  i n  o t h e r  r o d e n t  s t u d i e s  r e s u l t e d  o n l y  
when DEHP was a d m i n i s t e r e d  a t  e x c e e d i n g l y  h i g h  d o s e s .  F o r  e x a m p l e ,  g r o u p s  
o f  f i v e  p r e g n a n t  fe m a le  S p rag u e -D aw ley  r a t s ,  w e i g h i n g  200-2 50  g ,  w e re  g i v e n  
a s i n g l e  i p  i n j e c t i o n  o f  e i t h e r  DEHP a n d / o r  d i - n - o c t y l  p h t h a l a t e  on day  5,  
10,  o r  15 o f  g e s t a t i o n  ( S i n g h  e t  a l , 1 9 7 2 ) .  A n im a ls  w ere  i n j e c t e d  w i t h
e i t h e r  5 ,0 0 0  o r  10 ,0 0 0  mg/kg ,  b a s e d  on an a c u t e  LD5 0  d e t e r m i n a t i o n  o f  o v e r
5 0 ,0 0 0  mg/kg f o r  b o t h  p h t h a l a t e  e s t e r s .  C o n t r o l  a n i m a l s  r e c e i v e d  e i t h e r  
n o rm a l  s a l i n e  ( 1 0 ,0 0 0  mg/kg)  o r  c o t t o n s e e d  o i l  ( 1 0 ,0 0 0  o r  5 ,0 0 0  m g / k g ) ,  o r  
were  n o t  t r e a t e d .  A n im als  w ere  m o n i t o r e d  f o r  r e s o r p t i o n s ,  f e t a l  d e a t h s ,  
g r o s s  m a l f o r m a t i o n s ,  and s k e l e t a l  a b n o r m a l i t i e s .  T w i s t e d  h i n d  l i m b s
a p p e a r e d  i n  1 5 /55  (27.3%) o f  t h e  f e t u s e s  g i v e n  t h e  h i g h  d o s e  o f  d i - n - o c t y l  
p h t h a l a t e  and i n  8 /5 1  (15 .7%)  g i v e n  t h e  low d o s e .  Hemangiomas o f  t h e  l im b s
o c c u r r e d  i n  9 / 4 1  (22%) f e t u s e s  f o l l o w i n g  t h e  h i g h  DEHP d o s e ;  one f e t u s  a l s o  
d e v e l o p e d  t w i s t e d  h i n d  l i m b s .  No g r o s s  m a l f o r m a t i o n s  w ere  o b s e r v e d  i n  t h e  
l o w -d o se  DEHP t r e a t m e n t  g r o u p ,  and no s k e l e t a l  a b n o r m a l i t i e s  w e re  s e e n  w i t h  
e i t h e r  p h t h a l a t e  e s t e r .

S in gh  e t  a l  (1 974)  fo und  a s i g n i f i c a n t l y  (p < 0 . 0 1 )  d e p l e t e d  number o f  
embry on ic  i m p l a n t s  and r e d u c t i o n s  i n  l i t t e r  s i z e s  f o l l o w i n g  s i n g l e  i p
i n j e c t i o n s  o f  DEHP t o  m a le  H a r l a n / I C R  m ic e  a t  1 2 , 5 0 0 ,  1 8 , 8 0 0 ,  o r  2 5 ,0 0 0
m g/kg .  Each m a le  was m a te d  s e q u e n t i a l l y  w i t h  two v i r g i n  f e m a l e s  e a c h  week 
f o r  12 weeks f o l l o w i n g  DEHP e x p o s u r e .  F o u r  o f  t e n  m a le s  t h a t  r e c e i v e d  t h e  
h i g h  d o s e  d i e d  w i t h i n  2  weeks o f  t h i s  s i n g l e  i n j e c t i o n  e x p o s u r e ,  and a  f i f t h  
male  d i e d  w i t h i n  10 w e e k s .  Fem a le s  m ated  w i t h  m a le s  g i v e n  t h e  h i g h  d o s e  had  
fewer  i m p l a n t s  p e r  p r e g n a n c y  d u r i n g  t h e  f i r s t  3 weeks t h a n  c o n t r o l s .  No
s t a t i s t i c a l l y  s i g n i f i c a n t  d o s e - r e l a t e d  d i f f e r e n c e s  w ere  o b s e r v e d  f o r
i m p l a n t s  p e r  p r e g n a n c y ,  e a r l y  f e t a l  d e a t h s ,  o r  l i t t e r  s i z e s  e x c e p t  d u r i n g  
t h e  f i r s t  3 weeks i n  t h e  h i g h - d o s e  g r o u p .  The a u t h o r s  i n t e r p r e t e d  t h e i r  
r e s u l t s  t o  i n d i c a t e  r e d u c e d  f e r t i l i t y  and p o s s i b l e  g e n o t o x i c i t y . However ,  
b o t h  t h e  l i v e r  and t h e  t e s t e s  o f  m a le  r o d e n t s  c a n  b e  damaged a t  t h e s e  t o x i c  
d o s e  l e v e l s  ( S h a f f e r  e t  a l ,  1945;  Lake  e t  a l ,  1 9 7 6 ) ,  making  i t  d i f f i c u l t  t o  
a s s e s s  p o t e n t i a l  g e n e t i c  e f f e c t s .  S in g h  e t  a l  ( 1 9 7 5 )  m e a s u r e d  t h e
d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  a f t e r  i p  i n j e c t i o n s  o f  l ^ C - l a b e l e d  DEHP a t  5 
m l /k g  i n  p r e g n a n t  r a t s  on day  5 o r  10 o f  g e s t a t i o n .  Even a t  t h e s e  h i g h
cioses ,  t h e  maximum amounts  o f  r a d i o a c t i v i t y  d e t e c t e d  w ere  0.016% i n  t h e
a m n i o t i c  f l u i d  and  0.033% i n  f e t a l  t i s s u e .  T h e s e  d a t a  i n d i c a t e d  t o  t h e
a u t h o r s  t h a t  a low l e v e l  o f  DEHP a n d / o r  i t s  m e t a b o l i t e s  c r o s s e d  t h e  r a t  
p l a c e n t a  on c r i t i c a l  d a y s  d u r i n g  g e s t a t i o n .
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Human H e a l t h  E f f e c t s
A m o r b i d i t y  s t u d y  was c o n d u c t e d  by T h i e s s  e t  a l  (1 978)  on 101 w o r k e r s  a t  

a  German p l a n t  t h a t  m a n u f a c t u r e s  DEHP. T h ese  w o r k e r s  were  p o t e n t i a l l y  
ex p o sed  t o  DEHP o v e r  an  a v e r a g e  o f  12 y e a r s  ( r a n g e :  0 . 3 - 3 5  y e a r s ) .
A tm o s p h e r i c  c o n c e n t r a t i o n s  o f  DEHP i n  t h e  w o r k p l a c e ,  a s  d e t e r m i n e d  by t h i s  
s t u d y ,  r a n g e d  from 0 . 0 0 0 6  t o  0 . 0 1  ppm ( a p p r o x i m a t e l y  0 . 0 1 - 0 . 1 6  mg/m^).
The a u t h o r s  c o n c l u d e d  t h a t  t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  i n  
l a b o r a t o r y  f i n d i n g s ,  i l l n e s s e s ,  o r  i n j u r y  r a t e s  i n  DEHP-exposed w o r k e r s  when 
compared  w i t h  c o n t r o l  w o r k e r s  f rom o t h e r  a r e a s  o f  t h e  same p l a n t .  I n  f a c t ,  
t h e  amounts  o f  DEHP m e a su re d  i n  t h e  b l o o d  and u r i n e  o f  s i x  DEHP-exposed 
w o r k e r s  ( 0 . 5 - 7 . 0  mg/1 p l a s m a ;  0 . 2 - 7 . 5  mg/1 u r i n e )  c o u l d  n o t  be  d i s t i n g u i s h e d  
from amounts  i n  t h r e e  m e d i c a l  d e p a r t m e n t  c o n t r o l s  n o t  d i r e c t l y  ex p o sed
( 0 . 5 - 1 0  mg/1 p l a s m a ;  0 . 2 - 1 . 5  mg/1 u r i n e ) .  T h i s  f i n d i n g  i n d i c a t e s  t h e  
u b i q u i t o u s  n a t u r e  o f  DEHP i n  t h e  t o t a l  e n v i r o n m e n t  (L a w re n ce ,  1978;  Thomas 
e t  a l ,  1 9 7 8 ) .  T h i e s s  e t  a l  (1 9 7 8 )  a l s o  r e p o r t e d  no e v i d e n c e  f o r  an
i n c r e a s e d  r a t e  o f  m i s c a r r i a g e s  o r  i n f a n t  d e f o r m i t i e s  among f em a le  w o r k e r s  o r  
w iv es  o f  male  w o r k e r s  a t  t h e  p l a n t  i n  Germany.  F u r t h e r m o r e ,  no e v i d e n c e  o f  
an i n c r e a s e d  r a t e  o f  chromosomal  a b e r r a t i o n s  was d e t e c t e d  i n  l e u k o c y t e  
c u l t u r e s  t a k e n  from a g ro u p  o f  10 em p lo y ees  w o rk in g  w i t h  DEHP f o r  10-30  
y e a r s  ( T h i e s s  and F l i e g ,  1 9 7 8 ) .

C h a r a c t e r i z a t i o n  o f  DEHP E x p o s u r e
The e x p o s u r e  o f  w o r k e r s  t o  DEHP d u r i n g  r e s p i r a t o r  QNFT h a s  b e e n  r e p o r t e d  

t o  be  low ( K o l e s a r ,  1 9 8 0 ) .  The c h a l l e n g e  a e r o s o l  c o n c e n t r a t i o n  o f  DEHP f o r  
most  t e s t s  i s  25 mg/m^, a l t h o u g h  some t e s t  chamber  m ode ls  c a n  be a d a p t e d  
t o  c h a l l e n g e  c o n c e n t r a t i o n s  a s  h i g h  a s  100 mg/m^. Maximum u p t a k e  o f  DEHP 
d u r i n g  f i t  t e s t i n g  can  be c a l c u l a t e d  f o r  a  human t e s t  s u b j e c t  a s s u m in g  a 
r e s p i r a t i o n  r a t e  o f  2 0  1 /m in  and t o t a l  a b s o r p t i o n  o f  i n h a l e d  p a r t i c l e s  
d u r i n g  a f u l l  3 0 - m i n u t e  t e s t  p e r i o d .  An a v e r a g e  f a c e p i e c e  l e a k a g e  o f  1% i n  
a 25-mg/m^ t e s t  a t m o s p h e r e  would r e s u l t  i n  u p t a k e  o f  150 yg o f  DEHP. I t  
s h o u l d  be e m p h a s iz e d  t h a t  QNFT i s  u s u a l l y  p e r f o r m e d  o n l y  o nce  o r  t w i c e  
y e a r l y ,  o r  i n  t h e  i n i t i a l  s e l e c t i o n  o f  a r e s p i r a t o r .  Even i n  c a s e s  where 
t h e  t e s t  m ig h t  be p e r f o r m e d  more f r e q u e n t l y ,  DEHP u p t a k e  would a p p e a r  t o  be  
min im al  u n d e r  n o rm a l  c o n d i t i o n s .  However ,  t h e  DEHP e x p o s u r e  c o u l d  v a r y  i f  
QNFT i s  i m p r o p e r l y  a d m i n i s t e r e d .  The e x p o s u r e  t o  i n d i v i d u a l s  a d m i n i s t e r i n g  
t h e  t e s t  c o u l d  a l s o  be e l e v a t e d ,  e s p e c i a l l y  where  p o r t a b l e  eq u ip m e n t  i s  u sed  
i n  t h e  f i e l d .  E x p o s u r e s  o f  f i e l d  t e s t e r s  t o  DEHP may v a r y  c o n s i d e r a b l y  
b e c a u s e  o f  d i f f e r e n c e s  i n  ( 1 ) t h e  d u r a t i o n  o r  f r e q u e n c y  o f  t h e  t e s t  and ( 2 ) 
t h e  w o r k p l a c e  e n v i r o n m e n t  and v e n t i l a t i o n  c h a r a c t e r i s t i c s  w here  t h e  t e s t  i s  
c o n d u c t e d .

NIOSH h a s  e v a l u a t e d  h e a l t h  h a z a r d s  i n  s e v e r a l  p l a n t s  u s i n g  p h t h a l a t e  
p l a s t i c i z e r s  i n  t h e r m o p l a s t i c  m o l d i n g  m a t e r i a l s  and i n  a  s c r e e n  p r i n t i n g  
o p e r a t i o n  ( H e a l t h  Haza rd  E v a l u a t i o n s ,  1976;  1977;  1 9 7 8 ) .  Based on
a n a l y t i c a l  methods  s e n s i t i v e  t o  1  ppm, i n v e s t i g a t o r s  were  u n a b l e ,  w i t h  one 
e x c e p t i o n ,  t o  d e t e c t  DEHP i n  e i t h e r  p e r s o n a l  o r  w o r k p l a c e  g e n e r a l  a i r  
s a m p l e s .  I n  t h e  v i c i n i t y  o f  a c u r i n g  o v e n ,  4 ppm o f  DEHP was m e a s u re d  in  
t h e  s c r e e n  p r i n t i n g  p l a n t  ( H e a l t h  Haza rd  E v a l u a t i o n ,  1 9 7 7 ) .  H e a l t h  e f f e c t s  
i n  w o r k e r s  were  n o t  i n v e s t i g a t e d  i n  t h e s e  s t u d i e s .
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Conclusions

A f t e r  e x a m in in g  t h e  d a t a  f rom t h e  NTP s t u d y ,  NIOSH c o n c l u d e s  t h a t  DEHP 
was c a r c i n o g e n i c  t o  r o d e n t s  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  o f  t h e  
s t a n d a r d  b i o a s s a y  p r o t o c o l .  T h i s  p o s i t i v e  r e s p o n s e  i n d i c a t e s  t h a t  DEHP 
s h o u l d  be c o n s i d e r e d  as  h a v i n g  a  c a r c i n o g e n i c  p o t e n t i a l .  No e v i d e n c e  o f  
DEHP c a r c i n o g e n i c i t y  i n  humans h a s  b e e n  r e p o r t e d ,  b u t  t h e  s c a r c i t y  o f  
e x p o s u r e  d a t a  s e r i o u s l y  l i m i t s  c o n c l u s i o n s  t h a t  c a n  be  drawn.

A lb ro  e t  a l  ( 1981)  r e p o r t e d  t h a t  t h e  m e t a b o l i s m  o f  DEHP i n  t h e  r a t  may 
d i f f e r  c o n s p i c u o u s l y  f rom t h a t  o b s e r v e d  i n  humans and A f r i c a n  g r e e n  
monkeys.  The a u t h o r s  found t h a t  p r i m a t e s  e x c r e t e  m a i n l y  g l u c u r o n i d e s  o f  
m o n o ( 2 - e t h y l h e x y l ) p h t h a l a t e ,  w h i l e  r a t s  e x c r e t e  u n c o n j u g a t e d  d i a c i d s .  But  
u n t i l  more d e f i n i t i v e  e v i d e n c e  r e s o l v e s  q u e s t i o n s  a b o u t  ( 1 ) p h a r m a c o k i n e t i c  
d i s t i n c t i o n s  b e tw e e n  r o d e n t s  and humans and ( 2 ) t h e  p r o x i m a t e  a g e n t  t h a t  
e l i c i t e d  t h e  l i v e r  tu m ors  i n  t h e  NTP t e s t  a n i m a l s ,  t h e  r e l e v a n c e  o f  t h e s e  
m e t a b o l i c  d i f f e r e n c e s  t o  DEHP c a r c i n o g e n i c i t y  r e m a i n s  u n c e r t a i n .  I t  s h o u l d  
a l s o  be e m p h as ized  t h a t  p o s s i b l e  d i f f e r e n c e s  b e tw e e n  r a t  and human 
m e t a b o l i s m  o f  DEHP may o r  may n o t  r e l a t e  t o  t h e  c a r c i n o g e n i c  mechanism 
e x p r e s s e d  u n d e r  t h e  c o n d i t i o n s  o f  r o d e n t  e x p o s u r e s  i n  t h e  NTP b i o a s s a y .  
F u r t h e r m o r e ,  t h e  r e l e v a n c e  o f  t h i s  s p e c i e s  d i s t i n c t i o n  b e t w e e n  humans and 
r a t s  f o r  c a r c i n o g e n e s i s  a w a i t s  d e t e r m i n a t i o n s  o f  a p r o b a b l e  mechani sm o f  
t u m o r i g e n i c  a c t i o n  f o r  DEHP. W hether  o r  n o t  m i c e ,  which  a r e  s u s c e p t i b l e  t o  
DEHP c a r c i n o g e n i c i t y ,  a l s o  m e t a b o l i z e  DEHP u n d e r  s i m i l a r  p a t t e r n s  r e p o r t e d  
f o r  r a t s  and humans i s  u n r e s o l v e d .

NIOSH, a f t e r  r e v i e w i n g  a l l  o t h e r  a v a i l a b l e  i n f o r m a t i o n ,  c o n c l u d e s  t h a t  
DEHP h a s  e x h i b i t e d  n e g a t i v e  r e s u l t s  i n  s e v e r a l  t e s t s  f o r  m u t a g e n i c i t y  
i n c l u d i n g  t h e  S a l m o n e l l a  i n  v i t r o  m u t a g e n i c i t y  a s s a y .  Such n e g a t i v e  r e s u l t s  
may s u g g e s t  t h a t  DEHP i s  n o t  a  g e n o t o x i c  c a r c i n o g e n ,  a l t h o u g h  d i r e c t  
e v i d e n c e  o f  t u m o r i g e n i c  p r o m o t e r  a c t i v i t y  f o r  t h e  compound i s  p r e s e n t l y  
l a c k i n g .  NIOSH a l s o  c o n c l u d e s  t h a t  r e s u l t s  o f  r e p r o d u c t i v e  t o x i c i t y  t e s t i n g  
a r e  i n c o n c l u s i v e  and t h a t  d e f i n i t i v e  e v i d e n c e  o f  t e r a t o g e n i c i t y  i s  l a c k i n g .  
A d d i t i o n a l  t e r a t o g e n i c i t y  t e s t i n g  i s  p r o b a b l y  w a r r a n t e d  from t h e  p o s i t i v e  
r e s u l t s  o b s e r v e d  i n  s e v e r a l  mammalian s p e c i e s ,  a l t h o u g h  any new e x p e r i m e n t a l  
p r o t o c o l  s h o u l d  i n c o r p o r a t e  l o w e r  d o s e s  t h a n  t h o s e  u s e d  i n  t h e  w i d e l y  
r e p o r t e d  s t u d i e s .

The NTP r e p o r t  o f  DEHP c a r c i n o g e n i c i t y  i n  r o d e n t s  p ro m p ted  NIOSH t o  
examine t h e  p o t e n t i a l  human h e a l t h  r i s k s  f rom t h i s  p h t h a l a t e  e s t e r  i n  QNFT. 
A l th o u g h  t h e  a v a i l a b l e  e v i d e n c e  i n d i c a t e s  t h a t  DEHP e x p o s u r e  i n  QNFT would 
be low f o r  t h e  r e s p i r a t o r  w e a r e r ,  t h e  p o s s i b i l i t y  f o r  v a r i a t i o n s  i n  
c o n d u c t i n g  t h e  t e s t  a r e  n o t e d  by NIOSH. E x p o s u r e s  t o  t h e  DEHP a e r o s o l  c o u ld  
v a r y  i f  QNFT i s  i m p r o p e r l y  c o n d u c t e d  i n  t h e  f i e l d ,  e s p e c i a l l y  w here  
a p p r o p r i a t e  s u p e r v i s i o n  i n  a d m i n i s t e r i n g  t h e  p r o c e d u r e  i s  l a c k i n g .  
F u r t h e r m o r e ,  when m o b i l e  p o r t a b l e  e q u ip m e n t  i s  u s e d ,  t h e r e  i s  a l s o  an 
i n c r e a s e d  r i s k  t o  f i e l d  p r a c t i t i o n e r s  a d m i n i s t e r i n g  QNFT, owing t o  
d i f f i c u l t y  i n  c o n t r o l l i n g  t h e  v e n t i l a t i o n  o f  t h e  a e r o s o l .  F o r  a l l  t h e s e  
r e a s o n s ,  NIOSH c o n c l u d e s  t h a t  an  a l t e r n a t i v e  QNFT a e r o s o l  m us t  be  found  t o  
r e d u c e  t h e  p o t e n t i a l  h e a l t h  r i s k .  Once i d e n t i f i e d ,  t h e  a l t e r n a t i v e  
s u b s t a n c e  s h o u l d  be  s u b s t i t u t e d  f o r  DEHP when c o n d u c t i n g  QNFT.
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I I I .  ALTERNATE TEST AGENTS FOR RESPIRATOR QUANTITATIVE FIT TESTING (QNFT)

NIOSH h a s  e x p e r i m e n t e d  w i t h  o t h e r  s u b s t a n c e s  t o  d e t e r m i n e  t h e i r
s u i t a b i l i t y  f o r  g e n e r a t i n g  a p o l y d i s p e r s e  a e r o s o l  t e s t  a t m o s p h e r e  i n
o i l - m i s t  a e r o s o l  QNFT s y s t e m s  d e s i g n e d  f o r  DEHP ( S m i th  e t  a l ,  1 9 8 0 ) .  Based
on c r i t e r i a  su ch  as  d e n s i t y ,  v a p o r  p r e s s u r e ,  f l a s h  p o i n t ,  i n f o r m a t i o n  a b o u t  
u s e  i n  a e r o s o l  r e s e a r c h ,  and a v a i l a b l e  t o x i c o l o g i c  d a t a ,  f o u r  s u b s t a n c e s  
were  s e l e c t e d  f o r  s t u d y  ( T a b l e  I I I - l ) .  These  a g e n t s  i n c l u d e d  
d i - 2 - e t h y l h e x y l  s e b a c a t e  (DEHS) and l i n o l e i c  a c i d ,  w h ich  h a v e  b e e n  u s e d  i n  
t h e  p a s t  t o  g e n e r a t e  a e r o s o l  p a r t i c l e s  o f  c o n t r o l l e d  s i z e  f o r  lu n g  
d e p o s i t i o n  s t u d i e s .  D i m e t h i c o n e ,  a s i l i c o n e  o i l ,  and r e f i n e d  c o r n  o i l  were 
a l s o  s t u d i e d .  The d i m e t h i c o n e  u s e d  was Dow C o r n in g  200 f l u i d
( 5 0 - c e n t i s t o k e ) .

These  f o u r  s u b s t a n c e s  and DEHP w ere  a e r o s o l i z e d  i n  a  L a s k i n - t y p e  
n e b u l i z e r ,  common i n  QNFT s y s t e m s .  The c o n c e n t r a t i o n  and s i z e  d i s t r i b u t i o n  
o f  t h e  a e r o s o l  p a r t i c l e s  were  d e t e r m i n e d .  I n  a d d i t i o n ,  t h e  r e s p o n s e  o f  a 
f o rw a rd  l i g h t - s c a t t e r i n g  p h o t o m e t e r ,  a l s o  u s e d  i n  QNFT s y s t e m s  i n  d e t e c t i o n  
o f  t h e s e  a e r o s o l s ,  was c h e c k e d .

A l l  t h e  o i l s  t e s t e d  e x h i b i t e d  p a r t i c l e  s i z e  c h a r a c t e r i s t i c s  s i m i l a r  t o  
t h o s e  o f  DEHP ( T a b l e  I I I - 2 ) .  I n  a d d i t i o n ,  t h e y  c o u l d  a l l  be  d e t e c t e d  a t  
c o n c e n t r a t i o n s  a t  o r  b e lo w  1 / 1 0 , 0 0 0  o f  t h e  c h a l l e n g e  a e r o s o l  c o n c e n t r a t i o n ,  
which g i v e s  s u f f i c i e n t  s e n s i t i v i t y  f o r  QNFT. L i n o l e i c  a c i d ,  h o w e v e r ,  
r e a c t e d  w i t h  b r a s s  f i t t i n g s  on t h e  n e b u l i z e r .  F o r  t h i s  r e a s o n ,  and f o r  t h e  
t o x i c o l o g i c  i m p l i c a t i o n s  o f  f r e e  f a t t y  a c i d s  d i s c u s s e d  l a t e r ,  t h e  u s e  o f  
l i n o l e i c  o r  s i m i l a r  a c i d s  i s  n o t  a d v i s e d .  The NIOSH s t u d y  n o t e d  t h a t  
r e f i n e d  c o r n  o i l  a p p e a r e d  t o  become t h i c k e r  and c l o u d y  a f t e r  p r o l o n g e d  u s e .  
NIOSH recommends p e r i o d i c  r e p l a c e m e n t  o f  u n s a t u r a t e d  h y d r o c a r b o n  o i l s  when 
n e c e s s a r y  t o  p r e v e n t  p r o b l e m s  due t o  o x i d a t i o n  o f  t h e  o i l .  A H a rv a rd  
U n i v e r s i t y  s t u d y  (H inds  e t  a l ,  1981)  a l s o  c o n c l u d e d  t h a t ,  f rom t h e  
s t a n d p o i n t  o f  a e r o s o l  g e n e r a t i o n ,  a  s u i t a b l e  p o l y d i s p e r s e  t e s t  a t m o s p h e r e  
f o r  QNFT may be  g e n e r a t e d  w i t h  m i n e r a l  o i l  and t h e  p o l y e t h y l e n e  g l y c o l s  a s  
w e l l  a s  DEHP, DEHS, and r e f i n e d  c o r n  o i l .  The H a r v a r d  r e p o r t  d i d  n o t  
i n d i c a t e  t e s t i n g  o f  d i m e t h i c o n e .

S e v e r a l  d i f f e r e n t  l a b o r a t o r i e s  t h a t  c o n d u c t  QNFT have  i n v e s t i g a t e d  
d i r e c t  a p p l i c a t i o n s  w i t h  e i t h e r  DEHS o r  r e f i n e d  c o r n  o i l  a e r o s o l s  i n  
c o n d u c t i n g  f i t t i n g  t e s t s  on r e s p i r a t o r  w e a r e r s .  The D e p a r tm e n t  o f  E n e rg y ,  
R i c h l a n d ,  W ash ing ton  (Musen,  v e r b a l  c o m m u n ic a t io n  t o  NIOSH, J u n e  1 9 8 1 ) ,  and 
t h e  OSHA T r a i n i n g  C e n t e r ,  Des P l a i n e s ,  I l l i n o i s  ( S a l t s g a v e r ,  p e r s o n a l  
c om m unica t ion  t o  NIOSH, F e b r u a r y  1 9 8 1 ) ,  b o t h  i n d i c a t e d  t h e i r  s u c c e s s  i n  t h e  
u s e  o f  r e f i n e d  c o r n  o i l  a e r o s o l s  i n  QNFT e q u i p m e n t .  NIOSH a l s o  g e n e r a t e d  
r e f i n e d  c o r n  o i l  a e r o s o l s  i n  mannequ in  r e s p i r a t o r  t e s t s  and c o n c l u d e d  t h a t  
i t  p e r fo rm e d  a s  w e l l  a s  DEHP u n d e r  t e s t  c o n d i t i o n s  (M yers ,  1 9 8 0 ) .  A sk in  
(1980)  r e p o r t e d  a r e c o m m e n d a t io n  f o r  u s i n g  c o r n  o i l  a e r o s o l s  i n  QNFT. 
F a i r c h i l d  and T a l l e y  r e p o r t e d  i n  1981 t h a t  t h e  Los Alamos N a t i o n a l  
L a b o r a t o r y  s u c c e s s f u l l y  u s e d  DEHS a e r o s o l s  i n  QNFT.
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TABLE III-l

PHYSICAL PROPERTIES OF COMPOUNDS TESTED BY NIOSH

SUBSTANCE PHYSICAL 
STATE
(room temp.)

DENSITY
(dyne/cm^)

MOLECULAR
WEIGHT

REFRACTIVE
INDEX

COLOR PLASH
POINT
(°C)

BOILING
POINT
(°C)

VISCOSITY
(centistoke)

Di-2-ethylhexyl 
phthlate (DEHP)

liquid 0.9861 
(20°C)

390.6 1.4836 colorless 220.6 230.0 (25°C) 
57.4

Di-ethylhexyl 
sebacate (DEHS)

liquid 0.913
(25°C)

426.0 1.447 colorless 215.0 248.0 (25°C)
27.4

Linoleic acid 
(9,12-octadeca- 
dienoic acid)

liquid 0.903
(10°C)

208.4 1.4699 colorless 188.9 230.0 (38°C)
28.0

Dimethicone 
(dimethyl 
polysiloxane)

liquid 0.960 (25°C)
1.401

colorless 285.0 250.0 (25°C)
50.0

Refined corn liquid 0.922 1.4734 light
oil (l^C) yellow

Adapted from smith et al, 1980



TABLE I I 1 - 2

AEROSOL CHARACTERISTICS OF COMPOUNDS TESTED BY NIOSH

SUBSTANCE MASS MEDIAN 
AERODYNAMIC 
DIAMETER

GEOMETRIC
STANDARD
DEVIATION

MASS
OUTPUT
(mg/m^)

AEROSOL 
VOLUME 

CONCENTRATION 
( Vim 3/cc )

DEHP 0. 53 1 .8 3 1 3 4 .0 .169  x 1 0 5

DEHS 0 .63 1 .9 4 1 5 9 .1 .169  x 1 0 5

Linoleic 
ac id

. 56 1 . 9 6 -------------- . 357  x 1 0 5

Dimethicone .57 1 . 8 4 1 2 1 . 0 . 456  x 1 0 4

Refined corn 
oil

.53 1 . 8 5 1 18 .1 .130  x 1 0 5

Adap ted  from Smith  e t  a l ,  1980
Compounds were t e s t e d  u s i n g  a 2 - j e t  g e n e r a t o r  a t  a p r e s s u r e  o f  5 .0  l b / i n ^ .
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R e f i n e d  c o r n  o i l  h a s  an o d o r  c h a r a c t e r i s t i c  o f  v e g e t a b l e  o i l s  i n  
g e n e r a l .  T h i s  o d o r  i s  v a r i o u s l y  d e s c r i b e d  as  r a n g i n g  from u n o b j e c t i o n a b l e  
t o  " r a n c i d , "  o f t e n  d e p e n d i n g  on p a s t  e x p e r i e n c e s  where  c o m m erc ia l  f r y e r s  a r e  
u s e d .  The d e g r e e  t o  which  t h e  o d o r  i s  o b j e c t i o n a b l e  f r e q u e n t l y  depends  on 
t h e  e x t e n t  t o  w h ich  t h e  o i l  i s  r e u s e d .  C once rn  a b o u t  u n d e s i r a b l e  odor  
pro mpted  NIOSH t o  a s k  p r a c t i t i o n e r s  who w ere  u s i n g  c o r n  o i l  i n  QNFT i n  t h e  
f i e l d .  The u s e r s  i n d i c a t e d  t h a t  r e f i n e d  c o r n  o i l  a e r o s o l s  had  n o t  r e s u l t e d  
i n  o b j e c t i o n a b l e  o d o r  o r  p r o h i b i t i v e  m a i n t e n a n c e  p r o b l e m s  ( w r i t t e n  
com m unica t ions  f rom: M. H. M arcus ,  J r . ,  I n d u s t r i a l  H yg iene  C o n s u l t a n t ,  May
1981;  D. P.  A s k i n ,  E n e rg y  S a v in g  and C l e a n  A i r  T e c h n o l o g i e s ,  May 1981;  and 
L. S a l t s g a v e r ,  OSHA T r a i n i n g  I n s t i t u t e ,  F e b r u a r y  1981;  v e r b a l  co m m u n ica t io n  
from L.  Musen,  D e p a r tm e n t  o f  E n e r g y ,  Ju n e  1 9 8 1 ) .  C o l l e c t i v e l y ,  t h e s e  f i e l d  
p r a c t i t i o n e r s  h ave  c o n d u c t e d  o v e r  a t h o u s a n d  i n d i v i d u a l  f i t t i n g s  u s i n g  a 
c o r n  o i l  a e r o s o l  i n  QNFT.

Being  a v e g e t a b l e  o i l ,  c o r n  o i l  r e q u i r e s  c l e a n u p  p r o c e d u r e s  t h a t  a r e
d i f f e r e n t  f rom t h o s e  n e e d e d  f o r  DEHP. S l i g h t l y  more m a i n t e n a n c e  seems t o  be 
needed  f o r  c o r n  o i l  t h a n  f o r  DEHP. However ,  t h e  m a i n t e n a n c e  r e q u i r e d  f o r  
c o r n  o i l  would be l e s s  t h a n  t h a t  r e q u i r e d  by a n o t h e r  QNFT s y s t e m  t h a t  u s e s  
sodium c h l o r i d e  t o  g e n e r a t e  an  a e r o s o l  t e s t  a t m o s p h e r e .  I f  p r o p e r  r o u t i n e  
m a i n t e n a n c e  i s  p e r f o r m e d  when u s i n g  f r e s h  r e f i n e d  c o r n  o i l  i n  QNFT, 
o b j e c t i o n a b l e  o d o r s  s h o u l d  be  n e g l i g i b l e .  F o r  e x a m p le ,  t h e  g e n e r a t o r  may 
need  r o u t i n e  d a i l y  c l e a n u p ,  and t h e  t e s t  ch am ber  o r  p l a s t i c  sh r o u d  may 
r e q u i r e  c l e a n i n g  i f  an  o i l  b u i l d u p  becomes n o t i c e a b l e .

NIOSH i n v e s t i g a t e d  w h e t h e r  f u n g a l  g row th  c o u l d  be  a p o t e n t i a l  p ro b le m
w i t h  c o r n  o i l  u s e  i n  QNFT. I n  one t e s t i n g  s i t e ,  mold f o r m a t i o n  was o b s e r v e d  
on an e x h a u s t  f i l t e r  a f t e r  s e v e r a l  weeks o f  c o r n  o i l  u s e  (T .  W i l l i a m s ,  
v e r b a l  co m m u n ic a t io n ,  November 1 9 8 0 ) .  No f u n g a l  g row th  was o b s e r v e d  
e l s e w h e r e  on t h e  e q u i p m e n t ,  i n c l u d i n g  t h e  t e s t  ch a m b e r .  E x a m i n a t i o n  o f  t h e  
f i l t e r  i n  q u e s t i o n  by  t h e  Mycology D i v i s i o n ,  C e n t e r s  f o r  D i s e a s e  C o n t r o l
(CDC), r e v e a l e d  a m in im a l  p r e s e n c e  o f  f o u r  common m o ld s :  A l t e r n a r i a
s p e c i e s , U l o c l a d i u m  s p e c i e s , Aureo  b a s i d i u m  ( p u l l u l a n s ) , and A s p e r g i l l u s  
f u m i g a t u s  (L .  A j e l l o ,  w r i t t e n  c o m m u n ic a t io n ,  S ep tem ber  1 9 8 1 ) .  The f i r s t
t h r e e  o rg a n i s m s  a r e  n o t  c o n s i d e r e d  t o  b e  p a t h o g e n i c ;  h o w e v e r ,  A s p e r g i l l u s  
f u m i g a t u s  i s  a u b i q u i t o u s  p a t h o g e n  o f  low i n f e c t i v i t y .  CDC i n d i c a t e d  t h a t  
t h e r e  was no v i s i b l e  s i g n  o f  any f u n g a l  g ro w th  on t h e  f i l t e r  t h e y  r e c e i v e d .  
Only a  few c o l o n i e s  o f  molds  c o u l d  be c u l t u r e d  from t h e  f i l t e r .  The 
o r g a n i s m s  i d e n t i f i e d  f rom t h e  c u l t u r e s  c o u l d  h a v e  o r i g i n a t e d  from t h e  f i l t e r  
o r  s o u r c e s  o t h e r  t h a n  from t h e  u s e  o f  c o r n  o i l  i n  QNFT, e s p e c i a l l y  s i n c e  
a l l  t h e  molds  c u l t u r e d  a r e  common. CDC a l s o  a d v i s e d  NIOSH t h a t  c o r n  o i l  
would n o t  be a good g ro w th  medium f o r  f u n g i  b e c a u s e  o f  i t s  v i s c o s i t y  and 
i m m i s c i b i l i t y  w i t h  w a t e r .  F u r t h e r m o r e ,  a l t h o u g h  a s s o c i a t e d  d i r e c t l y  w i t h  
c o r n ,  a f l a t o x i n  c o n t a m i n a t i o n  d i r e c t l y  f rom c o r n  o i l  i s  n o t  l i k e l y ,  s i n c e  
any p o s s i b i l i t y  o f  i t  would  be  e l i m i n a t e d  by  an  a l k a l i  s t e p  i n  t h e  r e f i n i n g  
o f  c o r n  o i l  ( B e n n e t t  and A n d e r s o n ,  1 9 7 8 ) .  The A p p en d ix  d i s c u s s e s  more 
d e t a i l s  o f  p r o c e s s i n g  p r o c e d u r e s  f o r  c o r n  o i l .
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I V . TOXICITY OF OTHER AGENTS SUITABLE FOR QNFT

D i m e th i c o n e  ( D i m e t h y l  P o l y s i l o x a n e )
A s i l i c o n e  o i l  c o n s i s t i n g  o f  d i m e t h y l s i l o x a n e  p o ly m e rs  and p u r i f i e d  f o r  

p h a r m a c e u t i c a l  u s e ,  d i m e t h i c o n e  h a s  b e e n  u s e d  e x t e n s i v e l y  a s  a v e h i c l e  f o r  
t o p i c a l  d ru g  a p p l i c a t i o n s  and as  a s k i n  p r o t e c t a n t  (Windholz  e t  a l ,  1 9 7 6 ) .  
A l s o ,  b e c a u s e  o f  i t s  a n t i f o a m i n g  p r o p e r t i e s ,  d i m e t h i c o n e  may be  added  t o  
c o o k i n g  o i l s  f o r  d e e p - f a t  f r y i n g .  I n  v e t e r i n a r y  p r a c t i c e ,  i t  i s  u s e d  t o
p r e v e n t  b l o a t  i n  c a t t l e .  The p o l y d i m e t h y l s i l o x a n e s  o c c u r  i n  a w ide  r a n g e  o f
m o l e c u l a r  w e i g h t s  and v i s c o s i t i e s  and a r e  n o t e d  f o r  t h e i r  w a t e r  r e p e l l e n c y .  
T h i s  h a s  l e d  t o  a wide  v a r i e t y  o f  c o s m e t i c ,  m e d i c a l ,  and i n d u s t r i a l  
a p p l i c a t i o n s .

The t o x i c i t y  o f  t h e  p o l y d i m e t h y l s i l o x a n e  compounds examined h a s  b e e n  o f  
a low o r d e r  ( C a l a n d r a  e t  a l ,  1 9 7 6 ) .  Kennedy e t  a l  ( 1 9 7 6 )  s t u d i e d  t h e  
p o t e n t i a l  f o r  m u t a g e n i c ,  r e p r o d u c t i v e ,  o r  t e r a t o g e n i c  e f f e c t s  w i t h  s e l e c t e d  
p o l y d i m e t h y l s i l o x a n e s  i n  r a t s  and  r a b b i t s .  T e s t  r e s u l t s  i n d i c a t e d  t h a t  Dow 
C o r n in g  (DC) 700 v a p o r  b o o s t e r  pump f l u i d ,  7 c e n t i s t o k e s  ( c s ) ,  was n o t  
t e r a t o g e n i c  i n  r a t s  a t  po d o s e s  a s  h i g h  a s  1  g / k g  and was n o t  m u t a g e n i c  a t
i p  d o s e s  o f  5 and 10 g / k g .  DC 225 f l u i d  (10  c s )  was a l s o  n o t  o b s e r v e d  t o  be
t e r a t o g e n i c  i n  r a b b i t s  a t  a d e r m a l  a p p l i c a t i o n  o f  200 m g/kg .  I n  o t h e r  
e x p e r i m e n t s  by t h e  same i n v e s t i g a t o r s ,  DC 360 m e d i c a l  g r a d e  f l u i d  (350  c s )  
was a d m i n i s t e r e d  sc  t o  p r e g n a n t  r a t s  on d ay s  6  t o  1 1  o f  g e s t a t i o n  a t  d o s e s  
o f  e i t h e r  200 o r  1 ,0 0 0  m g /k g .  The a u t h o r s  r e p o r t e d  an  i n c r e a s e  o f  
i n c o m p l e t e l y  d e v e l o p e d  s t e r n e b r a e  i n  f e t u s e s  d e r i v e d  from dams a t  t h e  h i g h  
d o s e .  T h i s  r e s p o n s e  was n o t  c o n c l u d e d  by  t h e  i n v e s t i g a t o r s  t o  be 
s i g n i f i c a n t .  The o n ly  s i g n i f i c a n t  e f f e c t  found was an  a p p a r e n t  d o s e - r e l a t e d  
i n c i d e n c e  o f  i n  u t e r o  m o r t a l i t y  a t  b o t h  d o s e  l e v e l s  o f  t h e  DC 360 f l u i d .  
However ,  no e v i d e n c e  o f  f e t o t o x i c i t y  was o b s e r v e d  by t h e  a u t h o r s  i n  a se c o n d  
s t u d y  p e r f o r m e d  on r a t s  a t  t h e  same d o s e s .

No d e t a i l e d  s t u d i e s  w ere  found d e s c r i b i n g  t h e  d i r e c t  i n h a l a t i o n  t o x i c i t y  
t e s t i n g  o f  DC 200 f l u i d ,  t h e  s i l o x a n e  c o n s i d e r e d  by NIOSH a s  a  c a n d i d a t e  
QNFT s u b s t i t u t e .  I n  1976,  C a l a n d r a  e t  a l  r e p o r t e d  a low o r d e r  o f  i n h a l a t i o n  
t o x i c i t y  t o  an a e r o s o l  o f  mixed c y c l i c  s i l o x a n e s .  However ,  a s u b c h r o n i c  
9 0 - d a y  i n h a l a t i o n  t o x i c i t y  t e s t  o f  a p o l y e t h y l s i l o x a n e  a e r o s o l  a t  
c o n c e n t r a t i o n s  o f  0 . 2 , 2 , and 1 0  mg/m^ t o  r a t s  p r o d u c e d  b o t h  l o c a l i z e d
pu lm onary  i r r i t a t i o n  and o t h e r  g e n e r a l i z e d  t o x i c  e f f e c t s  ( T ik h o n o v a  and 
B i z i n ,  1 9 7 6 ) .  T r a c h e a l  i n f l a m m a t i o n  and  lu n g  l e s i o n s  w ere  a l s o  n o t e d .  
F u r t h e r m o r e ,  p a t h o l o g i c  c e l l u l a r  c h a n g e s  were  found i n  c a r d i a c  m u s c l e  and i n  
t h e  l i v e r  f o r  a n i m a l s  ex p o s e d  a t  t h e  h i g h e s t  c o n c e n t r a t i o n .  No p a t h o l o g i c  
ch a n g e s  were r e p o r t e d  i n  a n i m a l s  e x p o s e d  a t  0 . 2  mg/m^.

D i - 2 - E t h y l h e x y l  S e b a c a t e  (DEHS)
A m o n o d i s p e r s e  DEHS a e r o s o l  i s  u s e d  e x t e n s i v e l y  t o  e v a l u a t e  human 

pu lm onary  d e p o s i t i o n  ( S w i f t ,  1 9 6 7 ) .  A l t h o u g h  no a d v e r s e  human h e a l t h  
e f f e c t s  have  b e e n  i n d i c a t e d  from t h i s  a p p l i c a t i o n ,  a c h a r a c t e r i z a t i o n  o f
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the inhalation effects for DEHS is lacking. If this agent is to be used in
QNFT, the inhalation toxicity of the compound must be examined.

L i m i t e d  d a t a  f rom p r e v i o u s  s t u d i e s  h a v e  i n d i c a t e d  a low t o x i c i t y  f o r
DEHS. Treon  e t  a l  ( 1 9 5 5 ) ,  u s i n g  s m a l l  numbers  o f  t e s t  a n i m a l s ,  r e p o r t e d  no 
f a t a l i t i e s  i n  c a t s ,  g u i n e a  p i g s ,  r a b b i t s ,  o r  r a t s  ex p o s e d  t o  a  m i s t  o f  DEHS 
a t  400 m g /n P , f o r  7 h o u r s / d a y  o v e r  a 1 0 -d a y  p e r i o d .  However ,  2 / 4  r a b b i t s ,  
3 / 4  r a t s ,  and 0 / 2  g u i n e a  p i g s  d i e d  w i t h i n  7 h o u r s  a f t e r  i n h a l i n g  a  DEHS m i s t  
a t  940 mg/m^, g e n e r a t e d  a t  h i g h  t e m p e r a t u r e  ( 3 7 1 ° C ) .  A po LD5 0  f o r  DEHS 
i n  t h e  r a t  and mouse was r e p o r t e d  t o  be 1 2 . 8 - 2 5 . 6  g / k g  (S andmeyer  and
K i r w i n ,  1 9 8 1 ) .  An i p  LD5 0  g r e a t e r  t h a n  2 5 . 0  g / k g  was a l s o  r e p o r t e d  f o r
t h e  r a t  and mouse.

L i k e  DEHP, DEHS i s  a  2 - e t h y l h e x y l  e s t « r ,  b u t  o f  s e b a c i c  r a t h e r  t h a n  
p h t h a l i c  a c i d .  A m e t a b o l i t e  o f  DEHS, 2 - e t h y l h e x a n o l , i s  c u r r e n t l y  s u s p e c t e d
by t h e  NTP o f  b e i n g  t h e  p r o x i m a t e  c a r c i n o g e n  i n  i t s  b i o a s s a y  o f  DEHP. The
NTP may c o n d u c t  a  c h r o n i c  b i o a s s a y  s t u d y  o f  2 - e t h y l h e x a n o l ,  b e c a u s e  two
e s t e r s  w i t h  a  2 - e t h y l h e x a n o l  m o i e t y  (DEHP and d i - 2 - e t h y l h e x y l  a d i p a t e )  were  
b o t h  found  t o  be  c a r c i n o g e n i c  i n  p r e v i o u s  b i o a s s a y s  (NTP Chem ica l  S e l e c t i o n  
Working Group,  1 9 8 0 ) .  The mechanism o f  DEHP's c a r c i n o g e n i c i t y  r e m a i n s  
unknown, and i t  i s  n o t  c l e a r  w h e t h e r  DEHP was c a r c i n o g e n i c  i n  t h e  NTP s t u d y  
b e c a u s e  i t  c o n t a i n s  a 2 - e t h y l h e x y l  m o i e t y .  U n t i l  more d a t a  a r e  a v a i l a b l e  on 
t h e  m e t a b o l i s m  o f  DEHP o r  DEHS and t h e  p o t e n t i a l  c a r c i n o g e n i c  mechan ism s  o f  
2 - e t h y l h e x a n o l ,  q u e s t i o n s  a b o u t  t h i s  c h e m i c a l  m o i e t y  o f  b o t h  DEHP and DEHS 
w i l l  r e m a i n  u n r e s o l v e d .

Moody and Reddy ( 1 9 7 8 )  f ed  e i t h e r  d i - 2 - e t h y l h e x y l  a d i p a t e ,  DEHP, o r  DEHS 
t o  male  F i s c h e r  344 r a t s  a t  a d i e t a r y  c o n c e n t r a t i o n  o f  2% f o r  3 w e e k s .  
H e p a t i c  p e ro x i s o m e  p r o l i f e r a t i o n ,  i n c r e a s e s  i n  l i v e r  s i z e  and a c t i v i t i e s  o f  
p e r o x i s o m e - a s s o c i a t e d  enzym es ,  and  h y p o l i p i d e m i a  were  o b s e r v e d  i n  a n i m a l s  
f e d  e ach  o f  t h e s e  e s t e r s .  The same r e s u l t s  w i t h  2 - e t h y l h e x a n o l  i n  t h e  d i e t  
i n d i c a t e d  t o  t h e  i n v e s t i g a t o r s  t h a t  t h e  a l c o h o l  may be  t h e  a c t i v e  p o r t i o n  o f  
t h e  m o l e c u l e  r e s p o n s i b l e  f o r  t h e  o b s e r v e d  p e r o x i s o m e  c h a n g e s  i n  a l l  t h r e e  
e s t e r s .

Corn O i l
An LD5 0  f o r  c o r n  o i l  ( r e f i n e d ,  U . S . P .  XVII)  i n  r a t s  was o b t a i n e d  when 

d a i l y  i n t r a g a s t r i c  d o s e s  w e re  a d m i n i s t e r e d  o v e r  5 d ay s  (Boyd e t  a l ,  1 9 6 9 ) .  
No s i n g l e  g a s t r i c  d o s e  o f  c o r n  o i l  c o u l d  be  r e t a i n e d  s u f f i c i e n t l y  t o  i n d u c e  
d e a t h  i n  r a t s .  The LD5 0  was f i n a l l y  a c h i e v e d  a f t e r  5 d a y s  by  
a d m i n i s t e r i n g  a c u m u l a t i v e  d o s e  t o t a l i n g  279+31 m l / k g  (256+28 g / k g ) ,  a 
d o s a g e  a p p r o x i m a t e l y  e q u i v a l e n t  t o  o n e - q u a r t e r  o f  t h e  a n i m a l ' s  body w e i g h t .  
The d o s a g e  and t im e  r e q u i r e d  t o  a t t a i n  t h e  LD5 0  i n d i c a t e  a  v e r y  low o r d e r  
o f  a c u t e  t o x i c i t y  f o r  r e f i n e d  c o r n  o i l .  The A p p en d ix  d i s c u s s e s  t h e  
components  o f  c o r n  o i l  and d e s c r i b e s  i t s  r e f i n i n g  and  p r o c e s s i n g  p r o c e d u r e s .

A c h a m b e r - s c a r i f i c a t i o n  t e s t  f o r  a s s e s s i n g  s k i n  i r r i t a n c y  o f  t o p i c a l l y  
a p p l i e d  s u b s t a n c e s  was u s e d  t o  e v a l u a t e  i r r i t a n c y  p r o p e r t i e s  o f  c o r n  o i l  
( F r o s c h ,  1 9 7 7 ) .  The a u t h o r  d i d  n o t  s p e c i f y  w h e t h e r  t h e  c o r n  o i l  was
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r e f i n e d .  T e s t  r e s u l t s  were  compared w i t h  o t h e r  o i l y  m a t e r i a l s  f r e q u e n t l y  
u s e d  i n  c o s m e t i c s .  Corn o i l  was r a t e d  a s  o n l y  a  " s l i g h t "  i r r i t a n t  when 
a p p l i e d  f o r  72 h o u r s  on s c a r i f i e d  human s k i n .  An e ry th e m a  d e v e l o p e d  a l o n g  
s c r a t c h  l i n e s  o f  t h e  t e s t  p a t c h .  Under  t h e  c o n d i t i o n s  o f  t h i s  t e s t ,  t h e  
c o r n  o i l  was r a n k e d  a s  more i r r i t a t i n g  t h a n  l a n o l i n ,  b u t  l e s s  i r r i t a t i n g  
t h a n  m i n e r a l  o i l .

Corn o i l  h a s  been  u s e d  e x t e n s i v e l y  w i t h o u t  i n c i d e n t  a s  a v e h i c l e  t o  
a d m i n i s t e r  t e s t  c h e m i c a l s  by ga v a g e  t o  r o d e n t s  i n  a v a r i e t y  o f  e x p e r i m e n t a l  
l a b o r a t o r y  p r o c e d u r e s ,  i n c l u d i n g  c a r c i n o g e n  b i o a s s a y s  c o n d u c t e d  by t h e  
N a t i o n a l  C a n c e r  I n s t i t u t e  (N C I) .  F o r  e x a m p le ,  h i s t o p a t h o l o g i c  e x a m i n a t i o n
o f  F i s c h e r  344 r a t s  a d m i n i s t e r e d  r e f i n e d  c o r n  o i l  v e h i c l e  o n l y  and u n t r e a t e d  
c o n t r o l s  showed no e s s e n t i a l  d i f f e r e n c e  f o r  o b s e r v e d  n e o p la s m s  i n  t h e  NCI 
t e s t  o f  b i s ( 2 - c h l o r o - l - m e t h y l e t h y l )  e t h e r  (NCI R e p o r t  No. 191,  1 9 7 9 ) .  The 
r e f i n e d  c o r n  o i l  v e h i c l e  was a d m i n i s t e r e d  a t  1 m l / k g  body w e i g h t  by gavage  5 
d a y s /w e e k  f o r  103 w e e k s .  S i m i l a r  o b s e r v a t i o n s  r e s u l t e d  f rom o t h e r  NCI 
s t u d i e s  (NCI R e p o r t  Nos.  6 8 , 73 ,  and 110 ,  1 9 7 8 ) .  NIOSH e m p h a s i z e s  t h a t  such  
d a t a  do n o t  r e f l e c t  r e s u l t s  o f  s t a n d a r d  t e s t  c o n d i t i o n s  f o r  a d i r e c t  
b i o a s s a y  o f  r e f i n e d  c o r n  o i l ,  which was n o t  t h e  p r im e  m a t e r i a l  u n d e r  t e s t ,  
and t h a t  p r e d e t e r m i n e d  maximum t o l e r a t e d  d o s e s  were n o t  g i v e n .  However,  
N C I ' s  n e g a t i v e  f i n d i n g s  i n  l i t e r a l l y  t h o u s a n d s  o f  a p p l i c a t i o n s  t o  r o d e n t s  
s u g g e s t  t h a t  t h e r e  i s  no s u s p i c i o n  o f  c a r c i n o g e n i c i t y  f o r  r e f i n e d  c o r n  o i l .

When a d m i n i s t e r e d  f o r  p r o l o n g e d  p e r i o d s  a s  a m a jo r  component  o f  t h e  
d i e t ,  e i t h e r  5% o r  20% o f  t h e  f e e d ,  c o r n  o i l  was r e p o r t e d  t o  e n h a n c e  c o l o n  
c a r c i n o g e n e s i s  i n d u c e d  by  1 , 2 - d i m e t h y l h y d r a z i n e  (DMH) i n  F i s c h e r  344 r a t s  
(Reddy e t  a l ,  1 9 7 6 ) .  The a u t h o r s  d i d  n o t  s p e c i f y  w h e t h e r  t h e  c o r n  o i l  was 
r e f i n e d .  The s t u d y ' s  o b s e r v a t i o n s  h a v e  b e e n  r e l a t e d  t o  mechan isms  o f  
c a r c i n o g e n e s i s  f o r  known c a r c i n o g e n s  i n  t e s t  a n i m a l s  h a v i n g  a h i g h  f a t  
i n t a k e .  F o r  e x am p le ,  Reddy e t  a l  ( 1 9 7 7 )  showed t h a t  a h i g h - f a t  d i e t  o f  
u n s t r i p p e d  c o r n  o i l  r e s u l t e d  i n  t h e  e x c r e t i o n  o f  e l e v a t e d  amounts  o f  b i l e
a c i d s .  They e m p h as ized  t h a t  i t  was t h e  e l e v a t e d  l e v e l s  o f  b i l e  a c i d s  c a u s e d  
by a h i g h  f a t  d i e t ,  and n o t  t h e  c o r n  o i l  i t s e l f ,  t h a t  a c t e d  a s  c o l o n  tumor 
p r o m o t e r s  d u r i n g  DMH c a r c i n o g e n e s i s .  The same r e s p o n s e  was o b s e r v e d  by 
t h e s e  i n v e s t i g a t o r s  when a n i m a l s  w ere  on a d i e t  h i g h  i n  a n i m a l  f a t .

The r e s u l t s  o f  a d i e t a r y  s t u d y  o f  r e f i n e d  c o r n  o i l  was n e g a t i v e  i n  a 
t e s t  f o r  c a r c i n o g e n i c i t y  ( S z e p s e n w o l ,  1 9 7 8 ) .  Mice o f  t h e  T.M. s t r a i n ,  each  
fe d  200 mg o f  r e f i n e d  c o r n  o i l  i n  a d i s h  d a i l y  up t o  540 d a y s ,  e x h i b i t e d  
e s s e n t i a l l y  no d i f f e r e n c e  i n  t h e  i n c i d e n c e  o f  f o r e s t o m a c h  tu m o rs  when
compared w i t h  u n t r e a t e d  c o n t r o l  m i c e .  However ,  t r e a t m e n t  w i t h  e i t h e r  (1 )  
f r e e  f a t t y  a c i d s  (up t o  1.5%) added  t o  r e f i n e d  c o r n  o i l  o r  (2 )  c r u d e  c o r n  
o i l  ( c o n t a i n i n g  f r e e  f a t t y  a c i d s )  e l i c i t e d  a h i g h  i n c i d e n c e  o f  f o r e s t o m a c h  
t u m o r s .  The a u t h o r s  a t t r i b u t e d  t h i s  c a r c i n o g e n i c  r e s p o n s e  t o  f r e e  f a t t y  
a c i d s ,  e i t h e r  added t o  t h e  r e f i n e d  o i l  o r  p r e s e n t  i n  c r u d e  c o r n  o i l .  They 
a l s o  c o n c l u d e d  t h a t  r e f i n e d  c o r n  o i l  was n o t  c a r c i n o g e n i c  u n d e r  t h e s e
e x p e r i m e n t a l  c o n d i t i o n s  b e c a u s e  f r e e  f a t t y  a c i d s  a r e  e l i m i n a t e d  i n  t h e  
r e f i n i n g  p r o c e s s .

O 'G ara  e t  a l  ( 1 969)  s t u d i e d  t h e  e f f e c t s  o f  c o m m e rc ia l  ( c o o k i n g )  c o r n  o i l  
a s  a 10% m i x t u r e  i n  t h e  d i e t  i n  NIH b l a c k  r a t s .  When c o r n  o i l  e i t h e r  (1 )
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h e a t e d  a t  200°C f o r  6 - 8  h o u r s ,  o r  ( 2 )  u s e d  r e p e a t e d l y  f o r  d e e p - f a t  f r y i n g ,
was g i v e n  t o  r a t s  f o r  17 m o n th s ,  a h i g h e r  i n c i d e n c e  o f  a l i m e n t a r y  t r a c t
tumors  r e s u l t e d  compared w i t h  t h o s e  o f  u n t r e a t e d  o r  f r e s h  c o r n  o i l - t r e a t e d  
r a t s .  The a u t h o r s  c o n c l u d e d  t h a t  h e a t i n g  o r  e x t e n s i v e  r e u s e  ( i n  f r y i n g )  o f  
t h e  c o r n  o i l ,  which c a n  change  t h e  o i l ' s  c h e m i c a l  c o m p o s i t i o n ,  l e d  t o  t h e  
t u m o r s .  The i n v e s t i g a t o r s  a d v i s e d  a g a i n s t  e x c e s s i v e  r e u s e  o f  c o o k i n g  f a t s
i n  t h e  p r e p a r a t i o n  o f  food  f o r  human c o n s u m p t i o n .

L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on m u t a g e n i c  o r  t e r a t o g e n i c  e f f e c t s .
R e f i n e d  c o r n  o i l ,  a d m i n i s t e r e d  o r a l l y  a t  a d o s e  o f  10 mg/kg t o  CD-I m i c e ,  
was one o f  s e v e r a l  n e g a t i v e  c o n t r o l  s u b s t a n c e s  u s e d  i n  a t e s t  o f  t h e  
s e n s i t i v i t y  and r e p r o d u c i b i l i t y  o f  a d o m in a n t  l e t h a l  a s s a y  s y s t e m  (A nde rson  
e t  a l ,  19 7 7 ) .  R e s p o n s e s  t o  r e f i n e d  c o r n  o i l  i n  t e r m s  o f  p r e g n a n c y  
f r e q u e n c y ,  i m p l a n t a t i o n s ,  and e a r l y  d e a t h s  were  s i m i l a r  t o  t h o s e  o f  t h r e e
o t h e r  c o n t r o l  s u b s t a n c e s ,  i n c l u d i n g  w a t e r .  The r e s u l t s  d i f f e r e d  m a rk e d ly
from t h o s e  o f  s u b s t a n c e s  e l i c i t i n g  m u t a g e n i c  e f f e c t s .

Shosh kes e t  a l  ( 1 950)  compared t h e  i n h a l a t i o n  t o x i c i t y  o f  r e f i n e d  c o r n  
o i l  and p e t r o l e u m - d e r i v e d  o i l  a e r o s o l s .  Mice were  ex p o sed  t o  1 2 .6  g/m^ o f  
c o r n  o i l  a e r o s o l s  w i t h  a mass media n  p a r t i c l e  d i a m e t e r  o f  2 . 6  vim. Lungs 
examined i m m e d i a t e l y  a f t e r  a 6 - h o u r  e x p o s u r e  showed t h a t  o i l  d r o p l e t s  were  
l i m i t e d  t o  t h e  t e r m i n a l  b r o n c h i o l a r  a r e a s ,  and t h e y  im p inged  on t h e  w a l l s  o f  
a l v e o l a r  d u c t s  o p p o s i t e  t h e  a i r  s t r e a m .  T h e re  was an im m e d ia te  and a c t i v e  
p h a g o c y t o s i s  by m a c r o p h a g e s ,  and t h e  l u n g s  w ere  e s s e n t i a l l y  c l e a r e d  w i t h i n  
48 h o u r s .  T h i s  m acrophage  r e s p o n s e  i n  t h e  l u n g s  o c c u r r e d  o n l y  a f t e r  a
s i n g l e  2 - h o u r  e x p o s u r e ,  o r  a t  l o n g e r  e x p o s u r e s  o f  4 - 8  h o u r s / d a y ,  5 
d a y s / w e e k .  Wi th  l o n g e r  e x p o s u r e s  t o  t h e  c o r n  o i l  a e r o s o l ,  t h e  number  o f
lu n g  m acro phages  i n c r e a s e d .  I n  c o n t r a s t ,  p e t r o l e u m - d e r i v e d  o i l s  u n d e r  t h e  
same e x p e r i m e n t a l  c o n d i t i o n s  w ere  n o t  e n z y m a t i c a l l y  d e g r a d e d  and  were  o n l y  
s l o w l y  removed from t h e  l u n g s  t h r o u g h  t h e  l y m p h a t i c  d r a i n a g e  s y s t e m .  
P a t c h e s  o f  a c u t e  i n f l a m m a t o r y  c h a n g e s ,  c o n s i s t e n t  w i t h  a d i a g n o s i s  o f  l i p o i d  
pne umonia ,  were  o b s e r v e d  i n  mice  e x p o se d  t o  t h e  p e t r o l e u m - d e r i v e d  o i l .
R e f i n e d  c o r n  o i l  and o t h e r  e d i b l e  o i l s ,  on t h e  o t h e r  h a n d ,  were  l i p o l y z e d
r a p i d l y  by lu n g  m a c r o p h a g e s .  I n  a d d i t i o n ,  r e f i n e d  c o r n  o i l  d i d  n o t  i r r i t a t e  
t h e  u p p e r  r e s p i r a t o r y  t r a c t ,  and e f f e c t s  such  a s  r e f l e x  a p n e a  o r  
b r o n c h o c o n s t r i c t i o n  w ere  n o t  o b s e r v e d .

Review o f  c l i n i c a l  c a s e s  o f  l i p o i d  pneum onia ,  which  f r e q u e n t l y  r e s u l t s  
f rom o i l  d r o p l e t s  i n  t h e  l u n g s ,  showed an  i n c r e a s e  i n  p h a g o c y t i c  c e l l s  i n  
t h e  lu n g s  ( K e s h i s h i a n  e t  a l ,  1 9 6 9 ) .  V e g e t a b l e  o i l s  w e re  fo und  t o  be
m e t a b o l i z e d  and removed from t h e  l u n g ,  w h e re a s  o i l s  o f  m i n e r a l  o r i g i n  t e n d e d
t o  r e m a in  i n  t h e  lu n g  t i s s u e .  M i n e r a l  o i l  does  n o t  u n d e r g o  m e t a b o l i c  
c h a n g e s ;  t h u s ,  i t  r e m a i n s  and c a n  c a u s e  t h e  f o r m a t i o n  o f  a p a r a f f i n o m a .  
Adenocarc inoma o f  t h e  lu n g  h a s  a l s o  b e e n  r e p o r t e d  c l i n i c a l l y  i n  a p a t i e n t  
w i t h  c h r o n i c  m i n e r a l  o i l  pneumonia  (B ry a n  and B o i t n o t t ,  1 9 6 8 ) .  The tumor 
was t h o u g h t  t o  have  r e s u l t e d  f rom t h e  p u lm ona ry  f i b r o s i s  e l i c i t e d  d i r e c t l y  
by t h e  e x p o s u r e  t o  t h e  m i n e r a l  o i l .  C ases  o f  l o c a l i z e d  l i p o i d  pneumonia  due 
t o  exogenous  o i l  i n  l u n g  a l v e o l i  h a v e  b e e n  c o r r e l a t e d  c l i n i c a l l y  w i t h  t h e  
p r o l o n g e d  t r e a t m e n t  o f  n a s a l  s i n u s i t i s  w i t h  m i n e r a l  o i l - b a s e d  n o s e  d r o p s  
( B o r r i e  and Gwynne, 1 9 7 3 ) .  These  s t u d i e s  o f  l i p o i d  pneumonia  h a v e  i n d i c a t e d  
t h a t  t h e  d i s e a s e  c a n  r e s u l t  f rom l a r g e  e x p o s u r e s  t o  m i n e r a l  o i l  o v e r  
e x t e n d e d  p e r i o d s  o f  t i m e .
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O th e r  S u b s t a n c e s
M i n e r a l  o i l  and t h e  p o l y e t h y l e n e  g l y c o l s ,  i n  a d d i t i o n  t o  r e f i n e d  c o r n

o i l  and DEHS, h a v e  b e e n  p r o p o s e d  by o t h e r  l a b o r a t o r i e s  a s  h a v i n g  p h y s i c a l
and c h e m ic a l  p r o p e r t i e s  t h a t  may r e n d e r  them s u i t a b l e  f o r  g e n e r a t i n g  a QNFT 
a e r o s o l  t e s t  a t m o s p h e r e  (H inds  e t  a l , 1 9 8 1 ) .  The o b s e r v a t i o n  t h a t  m i n e r a l  
o i l  t e n d s  t o  r e m a i n  i n  t h e  lu n g  f o r  p r o l o n g e d  p e r i o d s ,  and r e p o r t s  o f
c l i n i c a l  c a s e s  e x h i b i t i n g  a d v e r s e  r e a c t i o n s  t o  t h e  o i l ,  p r e c l u d e  f u r t h e r  
c o n s i d e r a t i o n  o f  i t s  u s e  i n  QNFT. The g l y c o l s ,  on t h e  o t h e r  h a n d ,  c o u l d  be  
p o t e n t i a l  i n t e r i m  t e s t  a g e n t s  p r o v i d e d  t h a t  c o n s i s t e n t  and r e p r o d u c i b l e  d a t a  
o f  t h e i r  s u i t a b i l i t y  f o r  QNFT become a v a i l a b l e .  The low o r d e r  o f  t o x i c i t y  
o f  many o f  t h e  low er  m o l e c u l a r  w e i g h t  p o l y e t h y l e n e  g l y c o l s  i s  w e l l
documented (Smyth e t  a l ,  1950;  1 9 5 5 ) ,  a l t h o u g h  t h e  pha rm acodynamics  o f  t h è s e
m a t e r i a l s  w a r r a n t  s t u d y .  The U n i t e d  S t a t e s  Army h a s  in fo rm e d  NIOSH o f  i t s
s u c c e s s f u l  a p p l i c a t i o n s  o f  PEG 4 0 0 ,  a p o l y e t h y l e n e  g l y c o l  o f  low m o l e c u l a r  
w e i g h t ,  t o  QNFT ( G e r b e r ,  w r i t t e n  c o m m u n ic a t io n ,  J a n u a r y  1 9 8 1 ) .  The Army i s  
now t e s t i n g  t h e  i n h a l a t i o n  t o x i c i t y  o f  t h e s e  g l y c o l s  i n  a d d i t i o n  t o
r e v i e w i n g  r e p o r t s  o f  b i o l o g i c  e f f e c t s .

Low m o l e c u l a r  w e i g h t  p o l y e t h y l e n e  g l y c o l  (PEG 200)  g i v e n  t o  Cynomolgus 
monkeys by g a s t r i c  i n t u b a t i o n  a t  2 - 4  m l / k g  d a i l y  f o r  13 w e e k s ,  e l i c i t e d  
i n t r a t u b u l a r  d e p o s i t i o n  o f  o x a l a t e  c r y s t a l s  i n  t h e  r e n a l  c o r t e x  ( P r e n t i c e  
and M ajeed ,  1 9 7 8 ) .  The i n v e s t i g a t o r s  i n d i c a t e d  t h a t  e t h y l e n e  g l y c o l ,  a
p r o b a b l e  m e t a b o l i t e  o f  PEG 200,  c o u l d  h a v e  in d u c e d  t h e  r e n a l  c h a n g e s .  The 
a u t h o r s  c o n c l u d e d  t h a t  p o l y e t h y l e n e  g l y c o l s  a r e  n o t  d e v o i d  o f  t o x i c  
m a n i f e s t a t i o n s  f o l l o w i n g  po a d m i n i s t r a t i o n ,  and t h a t  t h e y  s h o u l d  be  u s e d  
w i t h  c a u t i o n .  However ,  t h i s  r e s p o n s e  a p p e a r s  t o  v a r y  w i t h  t h o s e  s u g g e s t e d  
by o t h e r  r e p o r t s  (Smyth e t  a l ,  1950;  1 9 5 5 ) .  I n  a d d i t i o n ,  t h e  monkeys
examined were t r e a t e d  a t  such  a h i g h  d o s e  t h a t  r e l e v a n c e  t o  QNFT would be 
q u e s t i o n a b l e .  R e s u l t s  o f  t h e  Arm y 's  t o x i c i t y  t e s t i n g  o f  t h e s e  a g e n t s  may 
b e t t e r  r e s o l v e  t h e  b i o l o g i c  p r o p e r t i e s  o f  t h e  p o l y e t h y l e n e  g l y c o l s  f o r  QNFT.

C o n c l u s i o n s
A l th o u g h  l i m i t e d ,  more t o x i c i t y  i n f o r m a t i o n  i s  a v a i l a b l e  on c o r n  o i l  

t h a n  on d i m e t h i c o n e  o r  DEHS. O v e r a l l ,  t h e  d a t a  r e v i e w e d  h e r e  i n d i c a t e  t h a t  
r e f i n e d  c o r n  o i l  h a s  a r e l a t i v e l y  low o r d e r  o f  t o x i c i t y .  A t t e m p t s  t o  
d e t e r m i n e  LDj q ' s f o r  r e f i n e d  c o r n  o i l  i n  a n i m a l s  h a s  r e q u i r e d  i n o r d i n a t e l y  
l a r g e  q u a n t i t i e s  o f  t h e  o i l  t o  be  g i v e n  o v e r  5 d a y s .  T o x ic  r e s p o n s e s  t o  
c o r n  o i l  o c c u r r e d  o n l y  when i t s  c h e m i c a l  c o m p o s i t i o n  was a l t e r e d ,  a s  i n
h e a t i n g  t o  h i g h  t e m p e r a t u r e s ,  o r  i n  r e u s e ,  a s  i n  t h e  f r y i n g  o f  f o o d s .  Corn 
o i l ' s  c h e m i c a l  c o m p o s i t i o n  and p h y s i c a l  p r o p e r t i e s  a r e  sum mar ized  i n  t h e  
A p p en d ix .

NIOSH r e c e n t l y  t e s t e d  r e f i n e d  c o r n  o i l  and DEHS f o r  m u t a g e n i c  a c t i v i t y
i n  t h e  S a l m o n e l l a  m u t a g e n i c i t y  a s s a y  u s i n g  t e s t e r  s t r a i n s  TA98, TA100,
TA1535, and TA1537. No m u t a g e n i c  a c t i v i t y  was o b s e r v e d  w i t h  o r  w i t h o u t  S-9 
a c t i v a t i o n  i n  any o f  t h e  s t r a i n s  s t u d i e d .  NIOSH a l s o  e v a l u a t e d  t h e  
m u t a g e n i c  p o t e n t i a l  f o r  2 - e t h y l h e x a n o l ,  a p o s s i b l e  m e t a b o l i t e  o f  b o t h  DEHS 
and DEHP. The m e t a b o l i t e  was o b s e r v e d  t o  b e  t o x i c ,  b u t  n o t  m u t a g e n i c ,  up t o
1 . 0  m g / p l a t e  f o r  a l l  t e s t e r  s t r a i n s  (Ong,  1 9 8 1 ) .
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I n h a l a t i o n  t e s t i n g  o f  r e f i n e d  c o r n  o i l  i n  r o d e n t s  i n d i c a t e d  a low 
t o x i c i t y  f o r  t h e  compound,  a l t h o u g h  NIOSH r e c o g n i z e s  t h a t  much i s  unknown
a b o u t  t h e  u s e  o f  a c o r n  o i l  a e r o s o l  i n  QNFT. D a ta  d e s c r i b i n g  t h e  i n h a l a t i o n
t o x i c i t y  o f  DEHS and d i m e t h i c o n e  a r e  ev e n  more l i m i t e d  t h a n  t h a t  o f  c o r n  
o i l .  To r e s o l v e  t h e s e  d e f i c i e n c i e s ,  NIOSH i s  p r e s e n t l y  c o n d u c t i n g  b o t h
a c u t e  and s u b c h r o n i c  i n h a l a t i o n  t o x i c i t y  t e s t s  i n  r o d e n t s  a t  t h e  J o h n s  
Hopkins  U n i v e r s i t y .  The two l e a d i n g  QNFT c a n d i d a t e s ,  r e f i n e d  c o r n  o i l  and 
DEHS, a r e  b e i n g  examined u s i n g  an  e x p e r i m e n t a l  p r o t o c o l  s p e c i f i c a l l y
d e s i g n e d  t o  ex p o se  t h e  t e s t  a n i m a l s  t o  p o l y d i s p e r s e  a e r o s o l s  a s  human t e s t  
s u b j e c t s  would be  i n  QNFT. T h i s  s t u d y  i s  s c h e d u l e d  f o r  c o m p l e t i o n  i n  A p r i l ,  
1983.  For  t h e  p r e s e n t ,  h o w e v e r ,  r e f i n e d  c o r n  o i l  i s  t h e  s t r o n g e r  c a n d i d a t e  
a s  an i n t e r i m  QNFT t e s t  a g e n t .
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V . EVALUATION AND RECOMMENDATIONS

QNFT i s  p e r f o r m e d  t o  a s s u r e  t h a t  a p r o p e r  f a c i a l  f i t  i s  e s t a b l i s h e d  f o r  
t h e  i n d i v i d u a l  r e s p i r a t o r  w e a r e r .  S i n c e  o n l y  a l i m i t e d  number  o f  r e s p i r a t o r  
s i z e s  and s t y l e s  a r e  m a r k e t e d ,  QNFT i s  c r i t i c a l  i n  t h e  f i t t i n g  p r o c e s s  
b e c a u s e  o f  t h e  i n f i n i t e  number o f  human f a c i a l  s i z e  v a r i a t i o n s  and 
c h a r a c t e r i s t i c s .  Hence ,  DEHP h a s  become an i n t e g r a l  component  o f  sound  
o c c u p a t i o n a l  s a f e t y  and h e a l t h  p rog ram s  d e s i g n e d  t o  r e d u c e  w o r k e r  e x p o s u r e  
t o  r e s p i r a t o r y  h a z a r d s .  DEHP has  b e e n  w i d e l y  a c c e p t e d  i n  QNFT f o r  y e a r s  
b e c a u s e  o f  i t s  s u i t a b l e  p h y s i c a l  p r o p e r t i e s  f o r  n e b u l i z i n g  a p o l y d i s p e r s e
a e r o s o l  t e s t  a t m o s p h e r e .  T h i s  a c c e p t a n c e  o f  t h e  DEHP a e r o s o l  i n  QNFT was
a l s o  e n c o u r a g e d  by r e p o r t s  o f  low t o x i c i t y  f o r  t h e  compound.  However ,  a f t e r  
ex am in in g  t h e  d a t a  i n  t h e  NTP s t u d y ,  NIOSH c o n c l u d e s  t h a t  DEHP must  be  
c o n s i d e r e d  t o  h a v e  a c a r c i n o g e n i c  p o t e n t i a l .  NIOSH b e l i e v e s  t h a t  a p r u d e n t
f u t u r e  c o u r s e  i s  n e c e s s a r y  i n  c o n d u c t i n g  QNFT and recommends t h a t  DEHP be 
d i s c o n t i n u e d  i n  t h e  p r o c e d u r e .  Because  QNFT i s  i n d i s p e n s a b l e  i n  
e s t a b l i s h i n g  p r o p e r  r e s p i r a t o r  f i t ,  NIOSH recommends t h a t  an a l t e r n a t e  
a e r o s o l  t e s t  a g e n t  r e p l a c e  DEHP. NIOSH t e s t e d  s e v e r a l  c a n d i d a t e  a g e n t s  t o  
d e t e r m i n e  t h e i r  a d a p t a b i l i t y  t o  QNFT and r e v i e w e d  t h e  t o x i c i t y  o f  e a c h  
compound.  R e s u l t s  o f  t h e s e  s t u d i e s  h a v e  l e d  NIOSH t o  c o n c l u d e  t h a t  t h e r e  
a r e  s e v e r a l  a g e n t s  p r e s e n t l y  a v a i l a b l e  f o r  u s e  i n  e x i s t i n g  QNFT e q u i p m e n t ,  
o r i g i n a l l y  made f o r  t h e  DEHP a e r o s o l .  A f t e r  r e v i e w i n g  t h e  t o x i c i t y  o f  t h e  
c a n d i d a t e  a g e n t s ,  NIOSH recommends t h a t  r e f i n e d  c o r n  o i l  i s  t h e  b e s t  o p t i o n  
as  a DEHP s u b s t i t u t e  i n  QNFT.

NIOSH t e s t i n g  r e s u l t s  show t h a t  s e v e r a l  compounds h a v e  p r o p e r t i e s  t h a t  
make them s u i t a b l e  f o r  u s e  i n  QNFT. The r e s u l t s  d e m o n s t r a t e  t h e  e a s e  w i t h  
which  o t h e r  compounds may be  s u b s t i t u t e d  f o r  DEHP i n  t h e  p r o c e d u r e .  R e f i n e d  
c o r n  o i l ,  DEHS, and d i m e t h i c o n e  a l l  a d a p t e d  w e l l  t o  e x i s t i n g  QNFT 
e q u i p m e n t .  A e r o s o l s  o f  t h e s e  c a n d i d a t e  a g e n t s  e x h i b i t e d  p a r t i c l e  
c h a r a c t e r i s t i c s  e s s e n t i a l l y  e q u i v a l e n t  t o  t h o s e  g e n e r a t e d  w i t h  DEHP.
F u r t h e r m o r e ,  t h e s e  s u b s t a n c e s  a p p e a r  t o  h a v e  a low o r d e r  o f  t o x i c i t y ,  
a l t h o u g h  i n f o r m a t i o n  on d i m e t h i c o n e  t h a t  i s  r e l e v a n t  t o  QNFT i s  s p a r s e .  
R e f i n e d  c o r n  o i l  and DEHS a p p e a r  t o  be  t h e  s t r o n g e r  c a n d i d a t e s  t o  r e p l a c e  
DEHP i n  t h e  p r o c e d u r e .  A s u b s t a n t i a l  amount  o f  d a t a  on b i o l o g i c  e f f e c t s  
r e v i e w e d  h e r e  i n d i c a t e  t h a t  r e f i n e d  c o r n  o i l  h a s  a low o v e r a l l  t o x i c i t y .  
F u r t h e r m o r e ,  i n h a l a t i o n  t e s t i n g  o f  r e f i n e d  c o r n  o i l  s u g g e s t e d  a low t o x i c i t y  
i n  t h e  r o d e n t  lu n g  ( S h o s h k e s  e t  a l ,  1 9 5 0 ) .  L i m i t e d  d a t a  on DEHS r e v i e w e d  
h e r e  a l s o  s u g g e s t  a low t o x i c i t y  f o r  t h i s  c a n d i d a t e .  DEHS h a s  b e e n  u s e d  f o r  
y e a r s  i n  pu lm onary  p h y s i o l o g y  t o  a s s e s s  human lu n g  d e p o s i t i o n  w i t h o u t  
r e p o r t s  o f  a d v e r s e  h e a l t h  e f f e c t s .  However ,  t h e  i n h a l a t i o n  t o x i c i t y  o f  t h i s  
compound does  n o t  a p p e a r  t o  have  b e e n  c h a r a c t e r i z e d ,  l e a v i n g  q u e s t i o n s  a b o u t  
t h e  p o t e n t i a l  r i s k s  o f  u s i n g  t h e  compound i n  Q N F T .  NIOSH a n t i c i p a t e s  t h a t  
i t s  r e c e n t l y  i n i t i a t e d  i n h a l a t i o n  t o x i c i t y  t e s t i n g  o f  r e f i n e d  c o r n  o i l  and 
DEHS w i l l  r e s o l v e  t h e s e  c r i t i c a l  q u e s t i o n s .  R e s u l t s  o f  t h e s e  NIOSH 
e x p e r i m e n t s ,  p r e s e n t l y  underway a t  t h e  J o h n s  Hopkin s  U n i v e r s i t y ,  a r e  
e x p e c t e d  i n  A p r i l ,  1983 .  F o r  t h e  p r e s e n t ,  NIOSH c o n c l u d e s  f rom t h e  
a v a i l a b l e  i n f o r m a t i o n  t h a t  r e f i n e d  c o r n  o i l  i s  t h e  b e s t  o p t i o n  f o r  u s e  a s  a 
DEHP s u b s t i t u t e  i n  QNFT.
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A s t u d y  a t  H a rv a rd  U n i v e r s i t y  a l s o  i n d i c a t e d  s u c c e s s f u l  g e n e r a t i o n  o f  
p o l y d i s p e r s e  a e r o s o l s  s u i t a b l e  f o r  QNFT w i t h  r e f i n e d  c o r n  o i l ,  DEHS, 
p o l y e t h y l e n e  g l y c o l  (PEG 4 0 0 ) ,  and m i n e r a l  o i l  (H inds  e t  a l ,  1 9 8 1 ) .  The 
p o l y e t h y l e n e  g l y c o l s  a r e  w i d e l y  known t o  e x h i b i t  a  low o r d e r  o f  t o x i c i t y ,  
b u t  t h e  d a t a  a r e  s p a r s e  on t h e  m e t a b o l i c  f a t e  o f  t h e s e  p o l y m e r s .  On t h e
o t h e r  h a n d ,  m i n e r a l  o i l  h a s  b e e n  shown t o  a c c u m u l a t e  i n  t h e  l u n g s ,  a  f a c t
t h a t  d i s c o u r a g e s  i t s  c o n s i d e r a t i o n  f o r  u s e  i n  QNFT.

Based on t h e  t y p e  and e x t e n t  o f  e x p o s u r e  i n  QNFT and t h e  t o x i c o l o g i c  
d a t a  r e v i e w e d  h e r e i n ,  r e f i n e d  c o r n  o i l ,  DEHS, t h e  p o l y e t h y l e n e  g l y c o l s  (PEG 
4 0 0 ) ,  and d i m e t h i c o n e  (Dow C o r n in g  200 f l u i d )  may a l l  be  c o n s i d e r e d  as  
c a n d i d a t e s  t h a t  s h o u l d  r e c e i v e  s e r i o u s  c o n s i d e r a t i o n  i n  QNFT. Of t h e  t h r e e  
s u b s t a n c e s  t h a t  NI0SH found t o  be  s u i t a b l e  f o r  u s e  i n  QNFT, r e f i n e d  c o r n  o i l  
h a s  a v e r y  low o r d e r  o f  t o x i c i t y  and s t a n d s  o u t  f rom a l l  o t h e r  a g e n t s  
r e v i e w e d ,  e s p e c i a l l y  b e c a u s e  o f  t h e  e x t e n s i v e  n e g a t i v e  d a t a  on c a r c i n o g e n i c  
p o t e n t i a l .  The r e m a i n i n g  c a n d i d a t e s  w a r r a n t  more t h o r o u g h  e v a l u a t i o n s  o f  
t h e i r  t o x i c i t i e s ,  e s p e c i a l l y  a f t e r  f u r t h e r  e x p e r i m e n t a l  i n v e s t i g a t i o n s  a r e  
a v a i l a b l e .  The U.S .  Arm y 's  t o x i c i t y  t e s t i n g  o f  t h e  p o l y e t h y l e n e  g l y c o l s  may 
p r o v i d e  g r e a t e r  i n s i g h t  a b o u t  t h e s e  p o t e n t i a l  QNFT a g e n t s .  I n  c o n d u c t i n g  
t h i s  r e v i e w ,  NIOSH h a s  l e a r n e d  t h a t  many QNFT f i e l d  p r a c t i t i o n e r s  a r e  
a l r e a d y  u s i n g  c o r n  o i l  a e r o s o l s  a s  a t e s t  a t m o s p h e r e .  F i e l d  t e s t e r s  h a v e  
i n d i c a t e d  t h a t ,  a l t h o u g h  some i n c r e a s e d  m a i n t e n a n c e  h a s  b e e n  r e q u i r e d  w i t h
i t s  u s e ,  r e f i n e d  c o r n  o i l  i s  a c c e p t a b l e  a s  an  a l t e r n a t i v e  t e s t  a g e n t  t o  DEHP
i n  r e s p i r a t o r  f i t t i n g  t e s t s .
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V I I .  APPENDIX

PROPERTIES OF AND PROCESSING PROCEDURES FOR CORN OIL

Corn o i l  i s  a c l e a r ,  l i g h t  y e l l o w ,  o i l y  l i q u i d  w i t h  a f a i n t  c h a r a c t e r i s t i c
odor  and t a s t e  (W indholz  e t  a l , 1 9 7 6 ) .  I t  i s  o b t a i n e d  from t h e  embryo o f
Zea m a y s , Gramineae  ( L . )  a s  a  b y p r o d u c t  o f  m i l l i n g  d u r i n g  t h e  m a n u f a c t u r e  o f
c o r n  s t a r c h ,  c o r n  s y r u p ,  g l u c o s e ,  d e x t r i n s ,  e t c .
Corn o i l  h a s  w i d e s p r e a d  u s e  a s  a n u t r i t i v e  s u b s t a n c e  i n  t h e  d i e t .  D ur ing  
c r o p  y e a r  197 5 -1 9 7 6 ,  257 x 10^ g (92% o f  t h e  t o t a l  c r o p  y i e l d )  w ere  u sed
i n  e d i b l e  p r o d u c t s  such as  c o o k i n g  o i l ,  s a l a d  d r e s s i n g ,  and m a r g a r i n e  
( R e i n e r s ,  1978;  S o n n t a g ,  1 9 7 9 ) .  As a fo o d ,  c o r n  o i l  y i e l d s  8 . 9  c a l / g
(Mazola  D a ta  S h e e t ,  1 9 7 9 ) .
R e f i n e d  c o r n  o i l  i s  composed a l m o s t  e n t i r e l y  (99%) o f  t r i g l y c e r i d e s ,  which  
a r e  t h e  p r i m a r y  forms o f  f a t s  i n  t h e  b o d y .  T h ese  t r i g l y c e r i d e s  c o n t a i n  a 
m i x t u r e  o f  s a t u r a t e d  and u n s a t u r a t e d  f a t t y  a c i d s  t h a t  i n c l u d e  l i n o l e i c  a c i d ,  
a p o l y u n s a t u r a t e d  f a t t y  a c i d  c o m p r i s i n g  34-62% o f  c o r n  o i l ,  one  o f  t h e  
" e s s e n t i a l  f a t t y  a c i d s . "  Corn o i l  i s  known a s  a " s e m i - d r y i n g "  o i l  (Windho lz
e t  a l ,  1976)  b e c a u s e  i t  c o n t a i n s  t r a c e s  o f  f a t t y  a c i d  f r a c t i o n s  t h a t  r e a d i l y
o x i d i z e  and l e a d  t o  a d r y i n g  ( h a r d e n i n g )  o f  t h e  o i l .
I o d i n e  Number A m e a s u r e s  t h e  d e g r e e  o f  u n s a t u r a t i o n  among f a t t y  a c i d
com ponen ts ,  and t h e  s a p o n i f i c a t i o n  v a l u e  i n d i c a t e s  t h e  mean m o l e c u l a r  w e i g h t  
o f  t h e  f a t t y  a c i d  c o n s t i t u e n t s .  U n s a p o n i f i a b l e  m a t t e r  c o n s i s t s  o f
w a t e r - i n s o l u b l e  compounds .  The u n s a p o n i f i a b l e  f r a c t i o n  o f  c r u d e  c o r n  o i l  i s  
p a r t i a l l y  removed d u r i n g  a l k a l i  r e f i n i n g  ( S o n n t a g ,  1 9 7 9 ) ,  w i t h  l e s s  t h a n
1.5% r e m a i n i n g  i n  t h e  r e f i n e d  p r o d u c t .  Most o f  t h e  r e m a i n d e r  ( 0 . 6 - 1 . 2 % )  a r e
s t e r o l s  t h a t  a r e  r e l a t i v e l y  i n e r t  and may o c c u r  i n  t h e  f r e e  form o r  a s
w a x - l i k e  e s t e r s .  I n  t h e  d i e t ,  t h e s e  s t e r o l s  may e n t e r  i n t o  t h e  b i o s y n t h e s i s
o f  V i t a m in  D o r  s t e r o i d  h o rm o n es .
O t h e r  m a jo r  component s  o f  t h e  u n s a p o n i f i a b l e  f r a c t i o n  a r e  t h e  t o c o p h e r o l s „ 
T h i s  g roup  o f  c l o s e l y  r e l a t e d  f a t  s o l u b l e  compounds i s  c o l l e c t i v e l y  known a :• 
V i t a m in  E.  T r a c e s  o f  t r i t e r p e n e  a l c o h o l s ,  l e s s  t h a n  0.1%, may a l s o  be. 
p r e s e n t  i n  t h e  u n s a p o n i f i a b l e  f r a c t i o n ;  n i n e  component s  have  b e e n  i d e n t i f i e d  
i n  c o r n  o i l  ( S o n n t a g ,  1 9 7 9 ) .  Smal l  amounts  o f  u b i q u i n o n e  ( 0 .0 2 % ) ,  an  
e l e c t r o n  c a r r i e r  known as  coenzyme Q found  i n  c h l o r o p l a s t s , h a v e  a l s o  b een  
i d e n t i f i e d  i n  t h e  u n s a p o n i f i a b l e  f r a c t i o n  (Mazola  D a ta  S h e e t ,  1 9 7 9 ) .
The r e f i n i n g  p r o c e s s  removes f r e e  f a t t y  a c i d s  and most  n o n g l y c e r i d e s ,  such  
as  p h o s p h a t i d e s , c a r b o h y d r a t e s ,  c a r b o h y d r a t e  d e r i v a t i v e s ,  p r o t e i n  f r a g m e n t s ,  
and t r a c e  r e s i n o u s  and m u c i l a g i n o u s  m a t e r i a l s  ( S o n n t a g ,  1 9 7 9 ) .  T hese  
s u b s t a n c e s  g i v e  a  w a t e r - h o l d i n g  a b i l i t y  t o  t h e  c r u d e  c o r n  o i l .  A f t e r  t h e y  
have  b e e n  re moved ,  t h e  r e f i n e d  o i l  i s  a l m o s t  a n h y d r o u s  (0 .1% w a t e r ) .
The a l k a l i  r e f i n i n g  s t e p  removes any a f l a t o x i n s  o r  p e s t i c i d e  r e s i d u e s  t h a t  
may be p r e s e n t .  Waxes,  c o l o r e d  c a r o t i n o i d  compounds,  and v o l a t i l e  m a t e r i a l s
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a r e  removed d u r i n g  o t h e r  r e f i n i n g  s t e p s  ( S o n n t a g ,  1979;  R e i n e r s ,  1 9 7 8 ) .  The 
r e s u l t i n g  p r o d u c t  i s  a l i g h t ,  b l a n d  o i l  w i t h  a  smoke p o i n t  o f  a b o u t  238°C.

Corn O i l  A d d i t i v e s
S i l i c o n e s  o r  p o l y d i m e t h y l s i l o x a n e s , which a r e  a n t i f o a m i n g  a g e n t s  and a l s o  
c o n s i d e r e d  a s  QNFT a e r o s o l s ,  may b e  added ( 0 . 1 - 1 . 0  ppm) t o  o i l s  f o r  d e e p - f a t  
f r y i n g  (Formo,  1 9 7 9 ) .  Any su ch  a d d i t i v e  must  be  l i s t e d  on t h e  l a b e l  
a c c o r d i n g  t o  FDA r e q u i r e m e n t s  (21 CFR 1 0 1 . 6 ) .
Whi le  c o r n  o i l  c o n t a i n s  n a t u r a l  a n t i o x i d a n t s ,  c h i e f l y  t o c o p h e r o l s ,  which 
c o n f e r  a g r e a t e r  r e s i s t a n c e  t o  o x i d a t i v e  d e t e r i o r a t i o n  t h a n  found i n  p u r e  
t r i g l y c e r i d e s ,  m a n u f a c t u r e r s  h a v e  a l s o  added  o t h e r  a n t i o x i d a n t s ,  
p a r t i c u l a r l y  f o r  d e e p - f a t  f r y i n g .  Two o f  t h e  most  common a n t i o x i d a n t s  a r e  
b u t y l a t e d  h y d r o x y a n i s o l  (BHA) and b u t y l a t e  h y d r o x y t o l u e n e  (BHT). The t o t a l  
c o n c e n t r a t i o n  o f  a n t i o x i d a n t s ,  s i n g l y  o r  i n  c o m b i n a t i o n ,  may n o t  e x c e e d  200 
ppm (0.02%) (21 CFR 1 8 2 . 3 1 7 3 ) .

O x i d a t i v e  D e t e r i o r a t i o n
O x i d a t i v e  d e t e r i o r a t i o n  does  o c c u r ,  e s p e c i a l l y  a t  e l e v a t e d  t e m p e r a t u r e s  
d u r i n g  deep  f r y i n g  ( S o n n t a g ,  1 9 7 9 ) .  A t o t a l  o f  95 (30  a c i d i c ,  65 n o n a c i d i c )  
v o l a t i l e  d e c o m p o s i t i o n  p r o d u c t s  i n  s m a l l  amounts  h a v e  b e e n  i s o l a t e d  from 
c o r n  o i l  h e a t e d  a t  185°C f o r  30 h o u r s .  O x i d a t i o n  p o l y m e r s  i m p a r t  
d i s a g r e e a b l e  t a s t e s  and o d o r s  t o  t h e  o i l .  I n  g e n e r a l ,  c o r n  o i l  d a r k e n s  and 
i n c r e a s e s  i n  v i s c o s i t y  a s  t h e  c o m p o s i t i o n  o f  t h e  o i l  c h a n g e s  w i t h  p r o l o n g e d  
h e a t i n g .
U n s a t u r a t e d  f a t t y  a c i d s  o f  c o r n  o i l  can  a l s o  o x i d i z e  ( a u t o x i d a t i o n )  d u r i n g  
p r o l o n g e d  e x p o s u r e  t o  a i r  ( S o n n t a g ,  1 9 7 9 ) .  The i n i t i a l  u p t a k e  o f  oxygen  i s  
r e l a t i v e l y  s low and u n i f o r m ;  c o l o r  and o d o r  c h a n g e s  c o i n c i d e  w i t h  r a p i d  
oxygen u p t a k e .  N a t u r a l  a n t i o x i d a n t s  i n  c o r n  o i l  i n c r e a s e  t h e  r e s i s t a n c e  t o  
o x i d a t i o n  and a l s o  t h e  amount o f  oxygen r e q u i r e d  t o  c a u s e  d e t e r i o r a t i o n  i n  
f l a v o r  and odor  ( r a n c i d i t y ) .  U n h y d r o g e n a t e d  c o r n  o i l  can  a b s o r b  up t o  150% 
oxygen by volume b e f o r e  becoming r a n c i d .  L i n o l e i c  a c i d  i s  t h e  p r i m a r y  
p o l y u n s a t u r a t e d  component  i n  o x i d a t i v e  r a n c i d i t y .  The f i r s t  s t e p  i s  a 
c o n j u g a t i o n  o f  m o n o h y d r o p e r o x id e s  a t  d o u b l e  bonds  i n  l i n o l e i c  co m p o n en t s .  
T h i s  r e a c t i o n  p r o c e e d s  by a f r e e  r a d i c a l  mechanism t o  f u r t h e r  y i e l d  
h y d r o p e r o x i d e s  and d e c o m p o s i t i o n  p r o d u c t s .  Such p r o d u c t s  i n c l u d e  lo w -  and 
medium-w eight  ( C3- C l l )  s a t u r a t e d  and u n s a t u r a t e d  a l d e h y d e s ,  k e t o n e s ,  and 
a c i d s  w i t h  s t r o n g ,  u n p l e a s a n t  o d o r s .  R a n c i d i t y  o c c u r s  when l e s s  t h a n  0.1% 
o f  t h e  f a t  i s  decom posed.  P o ly m e rs  a r e  p r o d u c e d  u n d e r  more p r o l o n g e d  
c o n d i t i o n s  o f  a u t o x i d a t i o n .  The r a t e  o f  oxygen u p t a k e ,  l e a d i n g  t o  o x i d a t i v e  
r a n c i d i t y ,  i s  a c c e l e r a t e d  by h e a t ,  u l t r a v i o l e t  l i g h t ,  and n e a r - u l t r a v i o l e t  
l i g h t  ( S o n n t a g ,  1 9 7 9 ) .  M e t a l s ,  p a r t i c u l a r l y  c o p p e r ,  a c t  a s  p r o - o x i d a n t s .
S in c e  c o r n  o i l  a e r o s o l  i n  QNFT i s  g e n e r a t e d  a t  room t e m p e r a t u r e  and i s  n o t  
r e u s e d ,  much l e s s  o x i d a t i o n  would o c c u r  t h a n  w i t h  d e e p - f r y i n g  c o n d i t i o n s .  
N e v e r t h e l e s s ,  t o  m i n i m i z e  t h e  p o s s i b i l i t y  o f  a u t o x i d a t i o n  i n  QNFT, i t  i s  
a d v i s a b l e  t o  remove any  u n u s e d  o i l  a t  t h e  end o f  e a c h  t e s t  s e s s i o n .

* U S G P O :  1 9 8 3  —  6 5 9 - 0 9 6 /6 2 8
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