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The N a t io n a l  I n s t i t u t e  f o r  O c c u p a t io n a l  S a f e t y  and H e a l th  (NIOSH) C u r re n t  
I n t e l l i g e n c e  B u l l e t i n  i s  th e  p r im a ry  p r o d u c t  o f  t h e  I n s t i t u t e ' s  C u r re n t  
I n t e l l i g e n c e  System . The p u rp o se  o f  t h i s  sy s tem  i s  to  p r o v id e  prompt 
r e v ie w ,  e v a l u a t i o n ,  and d i s s e m in a t i o n  o f  new i n f o r m a t io n  r e c e i v e d  by NIOSH 
t h a t  may i n d i c a t e  e i t h e r  t h e  e x i s t e n c e  o f  an o c c u p a t i o n a l  h a z a rd  n o t  
p r e v i o u s l y  r e c o g n iz e d  o r  a h a z a r d  g r e a t e r  th a n  g e n e r a l l y  known. T h is  
b u l l e t i n  was p r e p a r e d  by th e  Document D evelopm ent Branch o f  th e  D iv i s io n  
o f  S ta n d a rd s  D evelopm ent and T echno logy  T r a n s f e r ,  and t h e  D i v i s i o n  o f  
B iom ed ica l  and B e h a v io ra l  S c ie n c e .

C u r r e n t  I n t e l l i g e n c e  B u l l e t i n s  a r e  d i s s e m in a te d  to  NIOSH s t a f f ,  o t h e r  
governm ent a g e n c i e s ,  and th e  o c c u p a t i o n a l  h e a l t h  comm unity, i n c l u d in g  
a cad em ia ,  i n d u s t r y ,  l a b o r ,  and p u b l i c  i n t e r e s t  g r o u p s .  The b u l l e t i n s  a re  
in te n d e d  to  d i s s e m i n a t e  new d a t a  t h a t  may a f f e c t  p r e v a i l i n g  p e r c e p t i o n s  o f  
o c c u p a t io n a l  h a z a r d s .  They convey im p o r ta n t  p u b l i c  h e a l t h  i n f o r m a t io n  and 
recommend v o l u n t a r y  p r o t e c t i v e  m e a s u r e s .  C u r r e n t  I n t e l l i g e n c e  B u l l e t i n s  
do n o t  recommend o c c u p a t io n a l  s t a n d a r d s  o r  have  any r e g u l a t o r y  s t a t u s .

M en tion  o f  company names o r  p r o d u c t s  does 
n o t  c o n s t i t u t e  e n d o rse m en t  by th e  N a t io n a l  
I n s t i t u t e  f o r  O c c u p a t io n a l  S a f e ty  and H e a l th .
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Thz N a tio n a l I n s t i t u t z  fox  O ccupational S a n ity  and H zalth  (N10SH) 
xzcorm znds t h a t  2-m zthoxyzthanoZ (2ME) and 2 -zth oxyzth an oZ (ZEE) bz  
xzgaxdzd  -in th z  oooxkpZacz aj> having the. p o te n t ia l  t o  ca u sz  a d v z is z  
A.zpA.odactivz z ^ z c t s  in  maZz and ¿zmaZz woxkojis. T h zsz xzcom m zndations 
axz bcuzd on th z  x z s u l t s  o& szvzx a Z  x z c z n t  s tu d iz s  th a t  havz dzm on stxa tid  
d o sz-x zZ a tzd  zm b x y o to x ic ity  and o th zx  x zp x o d u c tiv z  z ^ z c t s  in  szvzxaZ  
s p z c i z s 0($ anim als exposed by d i^ z A z n t  x o u tzs  oh a d m in is tx a tio n . 0& 
p a x tic a la x  conczxn a x z  th o s z  s tu d ie s  i n  which zxposuxz o<$ pxzgnant anim als  
t o  c o n c zn tx a tio n s  o f 2ME ox ZEE a t  ox bzlow  th z ix  x z s p z c t i v z  Occupational. 
Safizty and HzaZth A d m in is tra tio n (OSHA) P zx m iss ib lz  Ex.poM.xz L im its  
[PEL's) Zzd to  in c x z a s zd  in c id z n c z s  o f zmbxyonic d za th , t z x a to g z n z s i s ,  ox 
gxouith x z ta x ia t io n .  Exposuxz o{ maZz anim als x zsu Z tzd  in  tz s tic u J ta x  
atxopluj and AtzAiJLLty. In zach c a s z  th z  an im als had b zzn  zx p o szd  to  2ME 
ox 2EE a t  c o n c zn tx a tio n s  a t  ox bzlow  th z i x  x z s p z c t i v z  O ccu pational Sa f e t y  
and H zalth  A d m in is tra tio n  [OSHA) P zx m iss ib lz  Exposuxz L im its  [PEL's) .  
Thzxz&oxz, a p p x o p x ia tz  contxoZ s sh o u ld  b z  i n s t i t u t e d  to  m in im izz ivoxkzx 
zxposuxz t o  bo th  compounds. N10SH s u g g z s ts  th a t  pxoducexs, d is tx ib u to x s ,  
and u szx s  o£ 2ME and 2EE, and o& s u b s ta n c zs  and m a tzx ia ls  co n ta in in g 2ME 
and 2EE, g iv z  t h i s  in fo rm a tio n  to  th o J x  woxkzxs and cu sto m zx s, and th a t  
pxoAzssionaZ and tx a d z  a s s o c ia t io n s  and unions in&oxm th z ix  mzmbzxs.

BACKGROUND

P h y s i c a l  and C hem ica l  P r o p e r t i e s

The g l y c o l  e t h e r s  2 - m e th o x y e th a n o l  (2ME) and 2 - e t h o x y e th a n o l  (2EE) a r e  
p a r t  o f  a f a m i ly  o f  e t h y l e n e  g l y c o l  e t h e r s .  At room t e m p e r a tu r e  and 
a tm o s p h e r ic  p r e s s u r e ,  2ME and 2EE a r e  c o l o r l e s s  l i q u i d s .  Both  compounds 
a r e  c o m p le te ly  m i s c i b l e  w i th  w a te r  and w i th  many o r g a n ic  s o l v e n t s .  Both 
a r e  h i g h l y  r e a c t i v e  i n  t h e  p r e s e n c e  o f  s t r o n g  o x i d i z e r s ;  2ME i s  a l s o  
h i g h l y  r e a c t i v e  i n  t h e  p r e s e n c e  o f  s t r o n g  b a s e s  [ 1 , 2 ] .  I d e n t i f i e r s  and 
synonyms fo r  2ME and 2EE a r e  l i s t e d  i n  A ppendix  I I .
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P r o d u c t i o n ,  U se, and E xposu re

The Toxic  S u b s ta n c e s  C o n t r o l  Act (TSCA) I n v e n to r y  f o r  1977 r e p o r t s  a wide
r a n g e  o f  p r o d u c t i o n  volum es f o r  2ME ( a s  many as  161 m i l l i o n  p o u n d s )  and
2EE ( a s  many as  171 m i l l i o n  pounds)  [ 3 ] .

Both  2ME and 2EE a r e  u se d  as  s o l v e n t s  i n  t h e  m a n u f a c tu r e  o f  p r o t e c t i v e  
c o a t i n g s  such  a s  l a c q u e r s ,  m e ta l  c o a t i n g s ,  b a k in g  e n a m e ls ,  p h e n o l i c  
v a r n i s h e s ,  epoxy r e s i n  c o a t i n g s ,  and a lk y d  r e s i n s  [ 1 ] .  They a r e  a l s o  used 
a s  s o lv e n t s  f o r  n i t r o c e l l u l o s e ,  p r i n t i n g  i n k s ,  t e x t i l e  dyes and p ig m e n ts ,  
and l e a t h e r  f i n i s h e s .  Both  a r e  used  as  a n t i - i c i n g  a d d i t i v e s  i n  b rake  
f l u i d s ,  i n  a v i a t i o n  f u e l s ,  and as  a n t i s t a l l  a g e n t s  in  g a s o l i n e .  Both
compounds a r e  u se d  i n  o r g a n ic  s y n t h e s i s .  I n  p a r t i c u l a r ,  a l a r g e  amount o f  
2EE i s  u sed  to  m a n u f a c tu r e  2 - e t h o x y e th y l  a c e t a t e  (2EEA). 2EE i s  a l s o  used 
i n  t h e  f o r m u la t io n  o f  v a r n i s h  re m o v e rs ,  t h i n n e r s , c l e a n i n g  p r o d u c t s ,
s o a p s ,  d e t e r g e n t s ,  c o s m e t i c s ,  p e s t i c i d e s ,  p h a r m a c e u t i c a l s ,  and a d h e s i v e s .  
I n  a d d i t i o n  t o  m a n u f a c tu r in g  o p e r a t i o n s ,  e x p o s u re  to  2ME and 2EE may occur  
d u r in g  th e  u se  o f  t h e  many f o rm u la te d  p r o d u c t s  t h a t  c o n t a i n  them .

Based on th e  N a t io n a l  O c c u p a t io n a l  H azard  Survey  (NOHS) c o n d u c te d  by NIOSH 
be tw een  1972 and 1974, i t  i s  e s t i m a t e d  t h a t  a s  many a s  100 ,000  w o rk e rs  a re  
p o t e n t i a l l y  exposed  t o  2ME and t h a t  4 0 0 ,0 0 0  w o rk e rs  a r e  p o t e n t i a l l y  
exposed  to  2EE [ 4 ] .

EXPOSURE STANDARDS AND GUIDES

OSHA's P e r m i s s i b l e  E x p o su re  L im i t  (PEL) f o r  o c c u p a t i o n a l  e x p o s u re  to  2ME 
i s  25 ppm (80 mg/m^) and i t s  PEL f o r  2EE i s  200 ppm (740 m g/m ^), bo th  
as a t im e - w e ig h te d  a v e ra g e  (TWA) f o r  an  8 -h o u r  w o r k s h i f t  (29 CFR 
1910 .1000 )  [ 5 ] .  The OSHA s ta n d a r d s  b e a r  a "S k in "  n o t a t i o n ,  i n d i c a t i n g  the  
p o t e n t i a l  f o r  s k i n  a b s o r p t i o n  o f  t o x i c  amounts o f  2ME and 2EE. These 
s t a n d a r d s  a r e  b a s e d  p r i m a r i l y  on r e p o r t s  o f  b lo o d ,  k id n e y ,  l i v e r ,  and 
c e n t r a l  n e rv o u s  sy s te m  t o x i c i t y  c a u se d  by 2ME and 2EE i n  a n im a ls  and on 
c a s e  r e p o r t s  o f  human e x p o s u re  t o  2ME. No s t u d i e s  on r e p r o d u c t i v e  e f f e c t s  
o f  2ME and 2EE w ere c o n s id e r e d  when t h e s e  s t a n d a r d s  w ere  a d o p te d .

The Am erican C o n fe re n c e  o f  G overnm enta l  I n d u s t r i a l  H y g i e n i s t s  (ACGIH) has 
recommended T h r e s h o ld  L im i t  V a lues  (T L V 's )  f o r  2ME and 2EE [ 6 ] .  The TLV 
f o r  2ME as  a TWA f o r  an  8 -h o u r  w o r k s h i f t  i s  25 ppm, and t h e  S h o r t  Term 
E xposure  L im i t  (STEL) f o r  up t o  15 m in u te s  i s  35 ppm. F o r  2EE, t h e  ACGIH 
low ered  i t s  TLV i n  1981 from 100 ppm t o  50 ppm, and i t s  STEL from  150 ppm 
t o  100 ppm [ 7 ] .  The TLV f o r  2EE was lo w e re d  t o  p r e v e n t  w o rk e rs  from  be ing  
exposed  to  c o n c e n t r a t i o n s  t h a t  had  p ro d u c e d  s i g n i f i c a n t  b lo o d  changes  in  
l a b o r a t o r y  a n im a ls  [ 8 ] .  The ACGIH TLV's a l s o  b e a r  a " S k in "  n o t a t i o n .  In  
t h e  N o t ic e  o f  I n te n d e d  Changes ( f o r  1 9 8 2 ) ,  TWA's o f  5 ppm a r e  p ro p o se d  fo r  
2ME, 2EE, and t h e i r  r e s p e c t i v e  a c e t a t e s ;  t h e s e  i n te n d e d  ch an g es  a r e  based  
p r i m a r i l y  on t e s t i c u l a r  e f f e c t s  o b s e rv e d  i n  r e c e n t  an im a l  s t u d i e s  [ 9 ] .
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In  1982, m ost m a n u f a c tu r e r s  o f  2ME and 2EE a d o p te d  company i n d u s t r i a l  
h y g ie n e  e x p o s u re  g u id e s  be low  c u r r e n t  OSHA PEL 's  [ 1 0 ] .  F o r  2ME, t h e  
8 -h o u r  TWA e x p o s u re  l i m i t s  r a n g e  from  2 -10  ppm. F o r  2EE, some 
m a n u f a c tu r e r s  have  a d o p te d  an  8 -h o u r  TWA o f  5 ppm.

EFFECTS OF 2-METHOXYETHANOL (2ME)

Human R e p r o d u c t iv e  E f f e c t s

I n  one s tu d y  o f  a s m a l l  p o p u l a t i o n  in v o lv e d  i n  m a n u f a c tu r in g  and p a c k a g in g  
o f  2ME, no c l i n i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  w ere found be tw e en  th e  
exposed  and co m p a r iso n  g ro u p s  t h a t  c o u ld  be a t t r i b u t e d  t o  th e  work 
e n v iro n m en t  f o r  t h e  f e r t i l i t y  p a r a m e te r s  s t u d i e d .  E x p o su res  t o  2ME w ere 
r e p o r t e d  to  be w e l l  below  25 ppm. 2EE and o t h e r  g l y c o l  e t h e r s  were a l s o  
m a n u fa c tu re d  i n  t h e s e  f a c i l i t i e s  [ 1 1 ] .

Animal S tu d ie s

E xposure  t o  2ME c a u se d  d o s e - r e l a t e d  a d v e r s e  r e p r o d u c t i v e  e f f e c t s  i n  fem ale  
and m ale  e x p e r i m e n t a l  a n im a ls .  P r e g n a n t  m ice exposed  by gavage  and 
p r e g n a n t  r a t s  and r a b b i t s  exposed  by  i n h a l a t i o n  had  i n c r e a s e d  i n c i d e n c e s  
o f  em bryonic  d e a th s  and a b n o r m a l i t i e s  t h a t  w ere s t a t i s t i c a l l y  s i g n i f i c a n t  
( h e n c e f o r t h  r e f e r r e d  t o  a s  " s i g n i f i c a n t " ) .  S i g n i f i c a n t l y  i n c r e a s e d  
i n c i d e n c e s  o f  t e s t i c u l a r  a t r o p h y  ( d e c r e a s e d  t e s t i c u l a r  w e ig h t )  and
m ic r o s c o p ic  t e s t i c u l a r  changes  w ere  o b s e rv e d  among m ale  m ice  g iv e n  o r a l  
d o se s  and m ale  m ic e ,  r a t s ,  and r a b b i t s  exposed  by i n h a l a t i o n .  I n f e r t i l i t y  
i n  m ale r a t s  and abnorm al sperm head m orphology i n  m ice  have  a l s o  been
r e p o r t e d  a f t e r  i n h a l a t i o n  o f  2ME. R e p r o d u c t iv e  e f f e c t s  o b s e rv e d  from
e x p o su re  to  2ME a r e  summ arized i n  T a b le  I .  Most o f  t h e  i n f o r m a t io n
c o n ta i n e d  i n  t h i s  T a b le  a s  w e l l  a s  i n  T a b le s  I I  and I I I  i s  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, n o n s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t s  a r e  a l s o  
i n c lu d e d  i n  t h e  t a b l e s  when t h e y  w ere  o f  t h e  same o r  s i m i l a r  n a t u r e  as  
t h o s e  o b s e rv e d  a t  h i g h e r  d o se s  i n  t h e  same o r  a s i m i l a r  s t u d y .  T a b le s  I ,  
I I ,  and I I I  a l s o  p r o v id e  many o f  t h e  d e t a i l s  o f  t h e  e x p o s u re  c o n d i t i o n s  
employed i n  t h e  v a r i o u s  s t u d i e s ;  su ch  d e t a i l  i s  n o t  p r o v id e d  i n  th e  t e x t .

Fem ale  Anim al S t u d i e s

A dverse  e f f e c t s  i n  p r e g n a n t  a n im a ls  and t h e i r  o f f s p r i n g  a f t e r  2ME e x p o su re  
t h a t  have  been  r e p o r t e d  i n c l u d e :  s i g n i f i c a n t  i n c r e a s e s  i n  em bryonic
d e a t h s ,  m a jo r  and m in o r  f e t a l  a b n o r m a l i t i e s ,  and m a te r n a l  d e a th s  and b lo o d  
e f f e c t s .  Dose d e p e n d e n t  e m b r y o m o r ta l i ty  and g r o s s  f e t a l  d e f e c t s  were 
o b s e rv e d  i n  f e t u s e s  o f  m ice  e xposed  by gavage  t o  2ME a t  250 mg/kg on days
7-14 o f  g e s t a t i o n  [ 1 2 ] .  Em bryonic d e a th s  w ere s i g n i f i c a n t l y  i n c r e a s e d  
among p r e g n a n t  r a b b i t s  t h a t  i n h a l e d  10 o r  50 ppm o f  2ME on days  6 -18  o f  
g e s t a t i o n .  S i m i l a r  r e s u l t s  w ere  r e p o r t e d  a f t e r  e x p o s u re  a t  3 ppm o f  2ME, 
b u t  th e y  w ere  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  [ 1 3 ] .  The a u th o r s  o f  t h a t
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s tu d y  n o te d  t h a t  t h e  em bryonic  d e a th  r a t e  i n  t h e  r a b b i t  c o n t r o l  g roup  was 
l e s s  th a n  t h e  r a t e  o b s e rv e d  i n  t h e i r  h i s t o r i c a l  r a b b i t  c o n t r o l  g ro u p s .  
The a u th o r s  a l s o  n o te d  t h a t  t h e  r a t e  o f  em bryonic  d e a th  among r a b b i t s  
exposed  a t  10 ppm was com parab le  to  t h e  r a t e  in  h i s t o r i c a l  c o n t r o l s .  
N e v e r t h e l e s s ,  em bryonic  m o r t a l i t y  o b s e rv e d  i n  t h i s  s tu d y  d id  i n c r e a s e  w ith  
t h e  e x p o su re  c o n c e n t r a t i o n .  No e v id e n c e  o f  t e r a t o g e n i c i t y  and only  
m in im al f e t o t o x i c i t y  was o b s e rv e d  i n  f e t u s e s  o f  r a t s  exposed  t o  2ME a t  
50 ppm [ 1 3 ] .  However, a n o th e r  s tu d y  d id  r e p o r t  f e t a l  d e f e c t s  i n  r a t s  
a f t e r  e x p o su re  a t  50 ppm on days 7-15 o f  g e s t a t i o n  [ 1 4 ] .  F e t a l  s k e l e t a l  
v a r i a t i o n s ,  w hich  a r e  among t h e  m ost s e n s i t i v e  i n d i c a t o r s  o f  
t e r a t o g e n i c i t y ,  w ere  o b t a i n e d  a t  2ME d o se s  as  low as  31 m g /k g /d ay  g iv e n  to 
p r e g n a n t  m ice  [ 1 2 ] .  Male f e t u s e s  o f  p r e g n a n t  m ice e xposed  on d ay s  6-15  o f  
g e s t a t i o n  a t  50 ppm o f  2ME had a s i g n i f i c a n t  i n c r e a s e  in  t h e  i n c i d e n c e  of 
u n i l a t e r a l  t e s t i c u l a r  h y p o p l a s i a  (u n d e rd e v e lo p m e n t  o f  th e  t e s t e s )  [ 1 5 ] .

U n i l a t e r a l  t e s t i c u l a r  h y p o p l a s i a  i s  c o n s id e r e d  a s l i g h t  f e t o t o x i c  e f f e c t .  
Fem ale r a t s  and r a b b i t s  exposed  t o  2ME a t  30 , 100 , o r  300 ppm f o r  3 months 
had  no e v id e n c e  o f  g r o s s  r e p r o d u c t i v e  o r  m ic r o s c o p ic  c h a n g es  i n  the  
o v a r i e s  [ 1 6 ] .  No r e d u c t i o n  o f  f e r t i l i t y  was o b s e rv e d  i n  t h e  r a t s  exposed 
a t  300 ppm [ 1 7 ] .  I n  m ic e ,  em bryonic  d e a th s  and f e t a l  a b n o r m a l i t i e s  
o c c u r r e d  a t  low er  2ME- d o se s  th a n  r e q u i r e d  t o  s i g n i f i c a n t l y  lo w e r  m a te rn a l  
w h i t e  b lo o d  c e l l  (WBC) c o u n ts  [ 1 2 ] .  A re d u c e d  WBC c o u n t  was one b a s i s  fo r  
th e  c u r r e n t  OSHA PEL f o r  2ME.

Male Animal S t u d ie s

S i g n i f i c a n t  i n c r e a s e s  i n  t e s t i c u l a r  a t r o p h y ,  m ic r o s c o p ic  t e s t i c u l a r  
c h a n g e s ,  and b lo o d  e f f e c t s  were r e p o r t e d  i n  m a tu re  m ale  a n im a ls  exposed  to  
2ME. Mice g iv e n  o r a l  d o se s  o f  2ME a t  250 m g /k g /d a y ,  5 d a y s /w ee k  f o r  5 
weeks had s e v e r e  t e s t i c u l a r  a t r o p h y  [ 1 8 ] .  T e s t i c u l a r  a t r o p h y  and d e a th  
o c c u r r e d  among r a b b i t s  a f t e r  13 weeks i n h a l a t i o n  e x p o su re  t o  2ME a t  
300 ppm; s l i g h t  t o  s e v e r e  m ic r o s c o p ic  t e s t i c u l a r  ch an g es  w ere  o b s e rv e d  a t  
30-100 ppm [ 1 6 ] .  I n  t h e  same l a b o r a t o r y ,  no t r e a tm e n t  r e l a t e d  m ic ro sc o p ic  
t e s t i c u l a r  c h a n g es  w ere  o b s e rv e d  i n  r a b b i t s  exposed  to  2ME a t  3 ppm, 10 
ppm o r  30 ppm a f t e r  a s i m i l a r  13 week i n h a l a t i o n  s tu d y  [ 1 9 ] .  T e s t i c u l a r  
a t r o p h y  was o b s e rv e d  i n  r a t s  and m ice exposed  a t  1 ,000  ppm o f  2ME f o r  9 
days [ 2 0 ] .  A f t e r  13 weeks o f  e x p o s u re  a t  300 ppm o f  2ME, t e s t i c u l a r  
a t r o p h y  [16] and i n f e r t i l i t y  w ere  o b s e rv e d  i n  r a t s  [ 1 7 ] .  However, 
f e r t i l i t y  was r e g a i n e d  i n  55% o f  t h e  r a t s  be tw een  weeks 26-32  o f  th e  
s tu d y .  R a ts  exposed  f o r  5 days t o  2ME a t  500 ppm w ere  t e m p o r a r i l y  
i n f e r t i l e  b u t  f e r t i l i t y  r e t u r n e d  t o  c o n t r o l  l e v e l s  by week 10 a f t e r  
e x p o s u re  [ 2 1 ] .  M ice s i m i l a r l y  e x p o sed  to  2ME a t  500 ppm deve loped  
abnorm al sperm head m orpho logy ;  t h e  f e r t i l i t y  o f  t h e s e  m ice was n o t  t e s t e d  
[ 2 1 ] .  The t e s t i c u l a r  e f f e c t s  found i n  m ice  [18] and r a b b i t s  [16] o c c u r re d  
a t  low er d o se s  o f  2ME th a n  th o s e  t h a t  c a u se d  s i g n i f i c a n t l y  low er  WBC 
c o u n t s .
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TABLE I

REPRODUCTIVE EFFECTS OF 2-METHOXYETHANOL

Route of Admini
stration & Dose Effects

Gavage, 31-1,000 mg/kg, 
days 7-14 of gestation

Inhalation, 3-50 ppm,
6 hrs/day, gestation 
days 6-18 (rabbit) & 
days 6-15 (rat)

Inhalation, 50-200 ppm,
7 hrs/day, days 7-15 of 
gestation

Inhalation, 3, 10 or 
50 ppm, 6 hrs/day, days 
6-15 of gestation

Inhalation, 30-300 ppm, 
6 hrs/day, 5 days/wk,
13 wks

Embryonic death (100% at 1,000 mg/kg, 99.72 at 
500 mg/kg, 53% at 250 mg/kg); fetal gross defects 
(250 mg/kg); skeletal malformations (62-250 mg/kg); 
lower fetal weight (125 & 250 mg/kg); fetal skeletal 
variations & delayed skeletal ossification (31-250 mg/kg)

Embryonic death, rabbit (24% at 50 ppm & 11% at 10 ppm); 
major fetal external, skeletal & visceral abnormalities, 
lower fetal weight, rabbit (50 ppm); delayed skeletal 
ossification, rat and rabbit (50 ppm)

Embryonic death (200 ppm); fetal CV & skeletal defects 
(50 & 100 ppm)

Reduced litter size and fetal unilateral testicular 
hypoplasia (50 ppm)

No gross or microscopic changes in reproductive organs; 
death, rabbit (100 & 300 ppm)

Inhalation, 30-300 ppm, 
6 hrs/day, 5 days/wk,
13 wks

No reduction of fertility

Oral, 63-2,000 mg/kg,
5 days/wk, 5 wks

Inhalation, 30-300 ppm,
6 hrs/day, 5 days/wk,
13 wks

Testicular atrophy (250-2,000 mg/kg); death (2,000 mg/kg)

Testicular atrophy (300 ppm); microscopic testicular 
changes, rabbit (30-300 ppm), rat (300 ppm); death, 
rabbit (300 ppm)

Inhalation, 30-300 ppm, 
6 h r s / d a y ,  5 d a y s / w k  
13 wks

Inhalation, 30-300 ppm, 
6 hrs/day, 5 days/wk,
13 wks

No increase in gross or microscopic testicular changes

Infertility (300 ppm)

Inhalation, 100-1,000 
ppm, 6 hrs/day, 9 of 
11 days

Inhalation, 25 or 500 
ppm, 7 hrs/day, 5 days

Inhalation, 25 or 500 
ppm, 7 hrs/day, 5 days

Testicular atrophy, rats and mice (1,000 ppm); 
microscopic testicular changes, rats (300 & 1,000 ppm) 
(No histopathology performed on mouse tissues.)

Temporary infertility (500 ppm)

Abnormal spermhead morphology (500 ppm)
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Mutagenicity Testing

The m u ta g e n ic i t y  o f  2ME was t e s t e d  in  S a lm o n e l la  ty p h im u riu m  s t r a i n s  TA 
1535, TA 1537, TA 98 , and TA 100 w i th  and w i t h o u t  A r o c lo r - in d u c e d  r a t  
l i v e r  S-9 s u p e r n a t a n t  [ 2 2 ] .  At t h e  c o n c e n t r a t i o n s  t e s t e d  (up  to  200 
m g / p l a t e ) ,  2ME was n o t  m u ta g e n ic .

EFFECTS OF 2-ETHOXYETHANQL ( 2EE)

Human R e p r o d u c t iv e  E f f e c t s

The o n ly  known p u b l i s h e d  i n v e s t i g a t i o n  o f  r e p r o d u c t i v e  p e r fo rm a n c e  in  a 
human p o p u l a t i o n  exposed  t o  2EE i s  d i f f i c u l t  t o  i n t e r p r e t  and i s  o f  
q u e s t i o n a b l e  v a lu e  b e c a u s e  o f  mixed s o l v e n t  e x p o s u r e s .  Syrovadko  and 
M alsheva  e v a l u a t e d  t h e  i n c i d e n c e  o f  g y n e c o lo g i c a l  d i s o r d e r s  and b i r t h
d e f e c t s  i n  fem a le  e n a m e lin g  w o rk e rs  [ 2 3 ] .  The two s o l v e n t  m ix t u r e s  used  
were c h lo r o b e n z e n e  and 2EE ( 1 : 1 ) ,  and t r i c r e s o l  and " s o l v e n t  n a p th a "  
( 1 : 4 ) .  The c o n c e n t r a t i o n s  o f  2EE w ere  r e p o r t e d  t o  h a v e  been  " lo w ."  There  
was no d i f f e r e n c e  in  t h e  i n c i d e n c e  o f  g y n e c o lo g i c a l  d i s o r d e r s  be tw e en  th e  
e n a m e le rs  and a d m i n i s t r a t i v e  w o rk e rs  ( a  c o m p a r iso n  group  i n c l u d i n g  some 
fo rm er  e n a m e le r s ) ,  b u t  b o th  g ro u p s  w ere s a i d  t o  h a v e  2 . 6 - 9 . 4  t im e s  more 
g y n e c o lo g i c a l  d i s o r d e r s  t h a n  t h r e e  o t h e r  c o m p a r is o n  g r o u p s .  Among the
d i s o r d e r s  d e t e c t e d  w ere  i n f l a m m a t io n s ,  b e n ig n  n e o p la s m s ,  c e r v i c a l  
e r o s i o n s ,  and m e n s t r u a l  d i s o r d e r s .  The r a t e  o f  b i r t h  d e f e c t s  was 
s i g n i f i c a n t l y  i n c r e a s e d  among t h e  o f f s p r i n g  o f  e n a m e le r s  (10.0% vs  3.9% in  
p l a n t  c o n t r o l s ) ,  w i t h  h e a r t  and f o o t  d e f e c t s  b e in g  p r e d o m in a n t .

Animal S tu d ie s

E xposure  o f  fem a le  and m ale  a n im a ls  to  2EE h a s  cau sed  s i g n i f i c a n t  
d o s e - r e l a t e d  a d v e r s e  r e p r o d u c t i v e  e f f e c t s  s i m i l a r  t o  t h e  e f f e c t s  c a u se d  by 
2ME. O r a l ,  i n h a l a t i o n ,  s u b c u ta n e o u s ,  and d e rm a l  t r e a tm e n t  o f  p re g n a n t
r a t s  w i th  2EE c a u se d  i n c r e a s e d  i n c i d e n c e s  o f  em bryonic  d e a th  and
a b n o r m a l i t i e s .  2EE i n h a l a t i o n  e x p o s u re  o f  p r e g n a n t  r a b b i t s  and o r a l  
e x p o s u re  o f  p r e g n a n t  r a t s  c a u se d  t h e  same e f f e c t s .  The o f f s p r i n g  o f  
p r e g n a n t  r a t s  ex p o sed  by i n h a l a t i o n  had a l t e r e d  b e h a v i o r  and n e u ro c h e m ic a l  
c o n c e n t r a t i o n s  i n  t h e  b r a i n .  I n  m ale  m ic e ,  r a t s ,  and dogs t r e a t e d  o r a l l y  
and i n  r a t s  t r e a t e d  s u b c u t a n e o u s l y , t e s t i c u l a r  a t r o p h y  and m ic r o s c o p ic  
t e s t i c u l a r  c h a n g es  h a v e  b e e n  r e p o r t e d .  T a b le  I I  sum m arizes  th e  
r e p r o d u c t i v e  e f f e c t s  o b s e rv e d  i n  a n im a ls  exposed  to  2EE.

Fem ale Anim al S t u d ie s

S i g n i f i c a n t  i n c r e a s e s  in  em bryonic  d e a t h s ,  f e t a l  a b n o r m a l i t i e s ,  a l t e r e d  
b e h a v i o r a l  t e s t  r e s u l t s ,  and ch an g es  i n  b r a i n  n e u ro c h e m ic a l  c o n c e n t r a t i o n s  
have  been  r e p o r t e d  a f t e r  e x p o s u re  o f  p r e g n a n t  a n im a ls  to  2EE. Embryonic 
d e a th s  o c c u r r e d  i n :  r a t s  a f t e r  2EE was g iv e n  o r a l l y  a t  47 m g /k g /d ay  [2 4 ] ;
r a b b i t s  t h a t  i n h a l e d  2EE a t  160 ppm [ 2 5 ] ;  r a t s  t h a t  i n h a l e d  2EE a t  765 ppm 
[2 5 ] ;  and r a t s  t h a t  r e c e i v e d  1 .0  m l/d a y  o f  2EE d e rm a l ly  [ 2 6 , 2 7 ] .  The
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r e s o r p t i o n  r a t e  was 100% i n  r a t s  r e c e i v i n g  2 .0  m l /d a y  [ 2 6 ] .  F e t a l  
c a r d i o v a s c u l a r  and s k e l e t a l  e f f e c t s  were found a f t e r  i n h a l a t i o n  e x p o s u re  
o f  p r e g n a n t  r a b b i t s  a t  160 ppm and p r e g n a n t  r a t s  a t  200 ppm [ 2 5 ] .  R a b b i t  
f e t u s e s  a l s o  had  k id n e y  and v e n t r a l  body w a l l  d e f e c t s .  S k e l e t a l  d e f e c t s  
were d e t e c t e d  i n  f e t u s e s  o f  r a t s  t h a t  r e c e i v e d  2EE a t  93 m g /k g /d a y  o r a l l y  
o r  s u b c u t a n e o u s l y , [24] and 1 .0  m l/d a y  d e rm a l ly  [ 2 6 ] .  F e t a l  g row th
r e t a r d a t i o n  i n d i c a t e d  by low er w e ig h ts  and s h o r t e r  l e n g t h s  was o b s e rv e d  in  
r a t s  e xposed  by i n h a l a t i o n  [ 2 5 ] .  S u b t l e  t e r a t o g e n i c  e f f e c t s  w ere  r e p o r t e d  
i n  th e  o f f s p r i n g  o f  p r e g n a n t  r a t s  e xposed  d u r in g  g e s t a t i o n  t o  2EE a t  100 
ppm [ 2 8 ] .  The changes  i n c lu d e d  a l t e r e d  b e h a v i o r a l  t e s t  r e s u l t s  a t  
d i f f e r e n t  s t a g e s  o f  deve lopm en t a f t e r  b i r t h  and d i f f e r e n c e s  i n  b r a i n  
n e u ro c h e m ic a l  c o n c e n t r a t i o n s  in  newborn and 2 1 - d a y - o l d  r a t s ;  t h e s e  
d i f f e r e n c e s  w ere  more p ronounced  i n  t h e  o f f s p r i n g  e x p o se d  e a r l i e r  in  
g e s t a t i o n .  M a te r n a l  t o x i c i t y  was g r e a t e r  i n  r a b b i t s  t h a t  i n h a l e d  615 ppm 
o f  2EE th a n  i n  r a t s  t h a t  i n h a l e d  765 ppm [ 2 5 ] .  R a ts  r e c e i v i n g  2 .0  m l/d a y  
d e rm a l ly  o f  2EE e x h i b i t e d  a t e m p o ra ry  l a c k  o f  m u s c u la r  c o o r d i n a t i o n
im m e d ia te ly  a f t e r  a p p l i c a t i o n  [ 2 6 ] .  E xposu re  o f  fem ale  r a t s  to  2EE a t  650 
ppm f o r  t h r e e  weeks p r i o r  to  m a t in g  had no e f f e c t  on f e r t i l i t y  [ 2 5 ] .

Male Animal S t u d ie s

S i g n i f i c a n t  i n c r e a s e s  in  t e s t i c u l a r  a t r o p h y ,  m ic r o s c o p ic  t e s t i c u l a r  
c h a n g e s ,  and d e a th s  were r e p o r t e d  i n  a n im a ls  exposed  t o  2EE. S e v e re  
t e s t i c u l a r  a t r o p h y  o c c u r r e d  i n  m ice  g iv e n  1 ,000  m g /k g /d ay  o r a l l y  [ 1 8 ] .
T e s t i c u l a r  c h a n g es  were found i n  r a t s  and dogs g iv e n  2EE a t  186 m g /kg /day  
o r a l l y  and i n  r a t s  g iv e n  372 m g /k g /d ay  s u b c u ta n e o u s ly  [ 2 4 ] .  T e s t i c u l a r  
a t r o p h y  and b lo o d  e f f e c t s  i n  2 E E - t r e a t e d  m ice  w ere  l e s s  s e v e r e  t h a n  th o s e  
in  m ice g iv e n  2ME a t  th e  same d o sag e  l e v e l s ;  t e s t i c u l a r  e f f e c t s  in
2 E E - t r e a te d  m ice  o c c u r r e d  a t  a low er  d o se  th a n  t h e  d o s e  c a u s in g  WBC 
e f f e c t s  [ 1 8 ] .

M u ta g e n ic i ty  T e s t i n g

The m u ta g e n i c i t y  o f  2EE was t e s t e d  i n  S a lm o n e l l a  typh im urium  s t r a i n s  TA 
1535, TA 1537, TA 98 , and TA 100 w i th  and w i th o u t  A r o c lo r - in d u c e d  r a t
l i v e r  S-9 s u p e r n a t a n t  [ 2 2 ] .  At t h e  c o n c e n t r a t i o n s  t e s t e d  (up t o  23 
m g / p l a t e ) ,  2EE was n o t  m u ta g e n ic .  The N a t io n a l  T o x ic o lo g y  Program
r e p o r t e d  t h a t  2EE was n o t  m u ta g e n ic  i n  S a lm o n e l la  ty p h  imurium  a t  10 
m g /p l a t e  [ 2 9 ] .  The same f o u r  S a lm o n e l l a  s t r a i n s  w ere  u se d  w i th  and
w i th o u t  m ic ro so m al f r a c t i o n s  p r e p a r e d  from  A r o c lo r - in d u c e d  r a t  and h a m s te r  
l i v e r .

C a r c i n o g e n i c i t y  T e s t i n g

The D epa r tm en t  o f  H e a l th  and Human S e r v i c e s '  N a t io n a l  T o x ic o lo g y  Program  
i s  c u r r e n t l y  t e s t i n g  2EE f o r  c a r c i n o g e n i c i t y  i n  m ale  and fem a le  r a t s  and 
mice a t  0 . 5 ,  1 . 0 ,  and 2 .0  g /k g /d a y  by  gavage  [ 2 9 ] .  B ecause  m o r t a l i t y  was 
h ig h  i n  t h e  2 .0  g /k g  g r o u p s ,  s u r v i v o r s  w ere  k i l l e d  a f t e r  16 w eeks;  m ales
had  t e s t i c u l a r  l e s i o n s .  The f i n a l  r e p o r t  o f  t h i s  s tu d y  s h o u ld  be
a v a i l a b l e  i n  1983.
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TABLE II

REPRODUCTIVE EFFECTS OF 2-ETHOXYETHANOL

Route of Admini-
Sex Species stration & Dose Effects Reference

F, pregnant Rat Oral, 12-372 rag/kg/day, 
days 1-21 of gestation

Embryonic death increased (47-372 mg/kg); fetal 
skeletal defects & lower weight (93-186 mg/kg)

24

F, pregnant Rat sc, 23-93 mg/kg/day, 
days 1-21 of gestation

Fetal skeletal defects & lower weight (93 mg/kg) 24

F, pregnant Mouse sc, 47 or 93 mg/kg/day, 
days 1-18 of gestation

No embryotoxic or teratogenic effects 24

F, pregnant Rabbit sc, 23 mg/kg/day, day9 7-16 
of gestation

No embryotoxic or teratogenic effects 24

F, pregnant Rabbit Inhalation, 160 or 615 ppm, 
7 hrs/day, days 1-18 of 
gestation

Embryonic death (100% at 615 ppm & 22% at 
160 ppm); fetal CV, renal, and ventral body wall 
defects and skeletal variations (160 ppm); reduced 
maternal food consumption (160 & 615 ppm); 
maternal death (615 ppm)

25

F Rat Inhalation before pregnancy, 
150 or 650 ppm, 7 hrs/day,
5 days/wk, 3 wks; then 
inhalation during gestation, 
200 or 765 ppm, 7 hrs/day, 
days 1-19 of gestation

No effect on fertility

Embryonic death (100% at 765 ppm); fetal CV & 
skeletal defects & growth retardation (200 ppm); 
mild maternal toxicity (765 ppm)

25

F, pregnant Rat Inhalation, 100 ppm,
7 hrs/day, days 7-13 
or 14-20 of gestation

Altered behavioral test results; altered brain 
neurochemical concentrations

28

F, pregnant Rat Dermal, 1.0 or 2.0 ml/day, 
days 7-16 of gestation

Embryonic death (100% at 2.0 ml/day & 76% at 
1.0 ml/day); fetal CV defects & skeletal 
variations (1.0 ml/day)

26

M Rat Oral, 46-744 mg/kg, daily, 
13 wks

Microscopic testicular changes (186 & 744 mg/kg) 24

M Rat sc, 93-744 mg/kg, daily, 
4 wks

Microscopic testicular changes (372 & 744 mg/kg) 24

M Dog Oral, 46-186 mg/kg, daily 
13 wks

Microscopic testicular changes (186 mg/kg) 24

M Mouse Oral, 500-4,000 mg/kg, 
5 days/wk, 5 wks

Testicular atrophy (1,000 & 2,000 mg/kg); death 
(4,000 mg/kg)

18

CV = cardiovascular 
sc = subcutaneous
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OTHER ACUTE AND CHRONIC TOXIC EFFECTS OF 2ME AND 2EE

The a c u te  t o x i c  e f f e c t s  o f  2ME i n  humans a r e  i r r i t a t i o n  o f  th e  e y e s ,  n o s e ,  
and t h r o a t ;  d r o w s in e s s ;  w eakness ;  and s h a k in g  [ 1 ] .  Sw allowing o f  2ME may 
be f a t a l .  P ro lo n g e d  o r  r e p e a t e d  e x p o s u re  may c a u se  h e a d a c h e ,  d r o w s in e s s ,  
w eakness ,  f a t i g u e ,  s t a g g e r i n g ,  p e r s o n a l i t y  c h a n g e ,  and d e c re a s e d  m e n ta l  
a b i l i t y .  In  a 1978 c a s e  s tu d y  r e p o r t  o f  two w orkers  exposed  t o  2ME, Ohi 
and Wegman d e s c r i b e d  c l i n i c a l  e v id e n c e  o f  e n c e p h a lo p a th y  in  b o t h ,  bone 
marrow d e p r e s s i o n  in  one and p a n c y to p e n ia  i n  th e  o t h e r .  A lthough  a i r b o r n e  
c o n c e n t r a t i o n s  (8 ppm) were w e l l  be low  th e  PEL, b o th  w o rk e rs  had 
s i g n i f i c a n t  s k in  c o n t a c t  w i th  2ME. The h e a l t h  s t a t u s  o f  b o th  w o rk e rs  
r e t u r n e d  to  no rm al a f t e r  rem oval from e x p o s u re  and t r e a tm e n t  [ 3 0 ] .

In  a n im a ls ,  2EE h a s  cau sed  l i v e r ,  k i d n e y  and lung  damage, and anem ia as 
w e l l  as  eye i r r i t a t i o n .

EFFECTS OF OTHER STRUCTURALLY RELATED GLYCOL ETHERS

A lthough  t h e r e  i s  l i m i t e d  e x p e r im e n ta l  i n f o r m a t io n  on th e  r e p r o d u c t i v e  
e f f e c t s  o f  i n d i v i d u a l  compounds s t r u c t u r a l l y  r e l a t e d  to  2ME and 2EE, much 
o f  th e  i n f o r m a t io n  t h a t  i s  a v a i l a b l e  i s  c o n s i s t e n t  w i th  t h e  r e p r o d u c t i v e  
e f f e c t s  c a u se d  by 2ME and 2EE. T a b le  I I I  sum m arizes th e  i n f o r m a t io n  on 
th e  e i g h t  s t r u c t u r a l l y  r e l a t e d  g l y c o l  e t h e r s  d i s c u s s e d  h e r e :  
2 -m e th o x y e th y l  a c e t a t e  (2MEA), 2 - e t h o x y e th y l  a c e t a t e  (2EEA), 
2 -b u to x y e th a n o l (2 B E ) ,  2 - p h e n o x y e th a n o l  (2P E ) ,  e th y l e n e  g l y c o l  d im e th y l  
e t h e r  (EGdiME), b i s ( 2 -m e th o x y e th y l )  e t h e r  o r  d i e t h y l e n e  g l y c o l  d im e th y l  
e t h e r  (b is2M E), 2 - ( 2 - e th o x y e t h o x y ) e t h a n o l  (2EEE), and l - m e th o x y - 2 -p r o p a n o l  
o r  p ro p y le n e  g l y c o l  monomethyl e t h e r  ( IM P). The c h e m ica l  s t r u c t u r e  o f  
e ach  compound i s  g iv e n  i n  Appendix  I I I .  Seven o f  t h e s e  compounds a r e  
e th y l e n e  g l y c o l  e t h e r s ,  and one i s  a p r o p y le n e  g l y c o l  e t h e r .  These 
compounds s h a r e  a s i m i l a r  s t e r e o c h e m ic a l  c o n f i g u r a t i o n .  Some were t e s t e d  
on ly  i n  male a n im a ls  o r  o n ly  in  fem a le  a n im a l s .

The a c e t a t e  e s t e r s  o f  2ME and 2EE (2MEA and 2EEA, r e s p e c t i v e l y )  have 
cau sed  male r e p r o d u c t i v e  t o x i c i t y  made e q u i v a l e n t  to  t h a t  o f  2ME and 2EE 
i n  m ale m ic e .  2EEA a p p e a r s  to  have  f e t o x i c i t y  and t e r a t o g e n i c i t y  
e q u i v a l e n t  t o  t h a t  o f  2EE in  r a t s  [ 1 4 ,2 7 ] .

A l though  a d d i t i o n a l  s t u d i e s  a re  b e in g  c o n d u c te d  by NIOSH and o t h e r s ,  t h e  
p r e s e n t  i n f o r m a t io n  i s  i n s u f f i c i e n t  t o  f u l l y  a s s e s s  t h e  p o t e n t i a l  f o r  
a d v e r s e  r e p r o d u c t i v e  e f f e c t s  on humans due to  e x p o su re  to  2BE, 2PE, 
EGdiME, bis2ME, 2EEE, o r  IMP. N e v e r t h e l e s s ,  some o f  t h i s  i n f o r m a t io n  i s  
p r o v id e d  h e r e  so t h a t  t h e  r e a d e r  i s  a l e r t e d  to  t h e i r  p o t e n t i a l  f o r  c a u s in g  
a d v e r s e  e f f e c t s .
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TABLE III

REPRODUCTIVE EFFECTS OF GLYCOL ETHERS STRUCTURALLY RELATED TO 2-METHOXYETHANOL and 2-ETHOXYETHANOL

Compound Sex Species Route and Dosage Effects Reference

2MEA M Mouse Oral, 63-2,000 mg/kg, 
5 days/wk, 5 wks

Testicular atrophy (500 - 2,000 mg/kg); 
death (2,000 mg/kg)

18

2EEA F, pregnant Rat Inhalation, 129-600 ppm, 
days 7-14 of gestation

Embryonic death (100% at 600 ppm); 
embryonic death (17% vs 4% controls) fetal 
CV & skeletal defects (387 ppm)

14*

F, pregnant Rat Dermal, 1.4 ml/day, 
days 7-16 of gestation

Embryonic death 27*

M Mouse Oral, 500-4,000 mg/kg, 
5 days/wk, 5 wks

Testicular atrophy (1,000-4,000 mg/kg); 
death (4,000 mg/kg)

18

2 BE F, pregnant Rat Inhalation, 200 ppm, 
days 7-14 of gestation

Slight maternal toxicity; no embryonic or 
teratogenic effects

14*

F, pregnant Rat Dermal, 0.48 or 1.4 ml/day, 
days 7-16 of gestation

Maternal death (1.4 ml/day); no apparent 
excess embryonic death (0.48 ml/day)

27*

M Mouse Oral, 500-2,000 mg/kg, 
5 days/wk, 5 wks

Microscopic testicular changes in 1 of 5 
mice (1,000 mg/kg); death (2,000 mg/kg)

18

2PE M Mouse Oral, 500-2,000 mg/kg, 
5 days/wk, 5 wks

Microscopic testicular changes in 1 of 5 
mice (1,000 mg/kg); death (2,000 mg/kg)

18

EGdiME F, pregnant Mouse Gavage, 250-490 mg/kg, 
days 7-10 of gestation

Embryonic death(480 mg/kg); major fetal 
external and skeletal effects (350 &
490 mg/kg); fetal skeletal variations 
and growth retardation.

32

bis2ME M Rat Inhalation, 250 or 1,000 
ppm, 7 hrs/day, 5 days

Temporary infertility (1,000 ppm) 32

M Mouse Inhalation, 250 or 1,000 
ppm, 7 hrs/day, 5 days

Abnormal spermhead morphology (1,000 ppm) 32

2EEE F, pregnant Rat Inhalation, 100 ppm, 
days 7-15 of gestation

No embryotoxic or teratogenic effects 14*

F, pregnant Rat Dermal, 1.4 ml/day, 
days 7-16 of gestation

No excess embryonic death 27*

IMP M Rat & 
Mouse

Inhalation, 300-3,000 ppm, 
6 hrs/day, 9 of 11 days

No microscopic testicular changes 20

CV = Cardiovascular
*Interim results; final results await skeletal and visceral evaluation
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APPENDIX I

GUIDELINES FOR MINIMIZING WORKER EXPOSURE TO 
2-ME THOXYETHANOL AND 2-ETHOXYETHANOL

NIOSH recommends t h a t  2 - m e t h o x y e t h a n o l  (2ME) and 2 - e t h o x y e t h a n o l  (2EE) be 
r e g a r d e d  i n  t h e  w o r k p la c e  as  h a v i n g  t h e  p o t e n t i a l  t o  c a u s e  a d v e r s e  
r e p r o d u c t i v e  e f f e c t s ,  i n c l u d i n g  t e r a t o g e n e s i s . Exposu re  s h o u l d  b e  l i m i t e d  
t o  o n l y  t h o s e  w o r k e rs  e s s e n t i a l  t o  t h e  p r o c e s s  o r  o p e r a t i o n ,  and w o r k p la c e  
e x p o s u re  l e v e l s  s h o u ld  be  m in i m i z e d .  L e s s  h a z a r d o u s  s o l v e n t s  s h o u l d  be 
s u b s t i t u t e d  where p r a c t i c a b l e .  Because  t h e r e  have  b e e n  s e v e r a l  s t u d i e s  
t h a t  r e p o r t e d  r e p r o d u c t i v e  e f f e c t s  a s  a r e s u l t  o f  s k i n  a b s o r p t i o n ,  e v e r y  
e f f o r t  s h o u ld  be made t o  e l i m i n a t e  s k i n  e x p o s u r e .

The g u i d e l i n e s  l i s t e d  be low  a r e  g e n e r a l  and have  g r e a t e s t  a p p l i c a t i o n  i n  
i n d u s t r y ;  however ,  t h e y  s h o u l d  be  g i v e n  c o n s i d e r a t i o n  f o r  a l l  s e t t i n g s  and 
be a d a p t e d  t o  s p e c i f i c  s i t u a t i o n s .

EXPOSURE MONITORING

I n i t i a l  and r o u t i n e  w o r k e r  e x p o s u r e  s u r v e y s  s h o u ld  be  made by com pe ten t  
i n d u s t r i a l  h y g i e n e  and e n g i n e e r i n g  p e r s o n n e l .  These s u r v e y s  a r e  n e c e s s a r y  
t o  d e t e r m i n e  t h e  e x t e n t  o f  w o r k e r  e x p o s u r e  and t o  e n s u r e  t h a t  c o n t r o l s  
a l r e a d y  i n  p l a c e  a r e  o p e r a t i o n a l  and e f f e c t i v e .  NIOSH's O c c u p a t i o n a l  
Exposu re  Sampl ing  S t r a t e g y  Manual  may be  h e l p f u l  i n  d e v e l o p i n g  e f f i c i e n t  
p rogram s  t o  m o n i t o r  w o rk e r  e x p o s u r e  t o  2ME and 2EE [ 3 3 ] .  The manual 
d i s c u s s e s  how t o  d e t e r m i n e  t h e  need  f o r  e x p o s u r e  m easu rem en ts  and s e l e c t  
s a m p l in g  t i m e s .

Worker  e x p o s u r e s  s h o u l d  b e  e s t i m a t e d  by 8 - h o u r  TWA and s h o r t - t e r m  
( 1 5 - m i n u t e )  e x p o s u r e s  c a l c u l a t e d  from p e r s o n a l  o r  b r e a t h i n g  zone s a m p l e s .  
S h o r t - t e r m  sam ples  s h o u l d  be  t a k e n  d u r i n g  p e r i o d s  o f  maximum e x p e c t e d  
e x p o s u r e  by u s i n g  a l l  a v a i l a b l e  knowledge  o f  t h e  work a r e a s ,  p r o c e d u r e s ,  
and p r o c e s s e s .  Area  and s o u r c e  m easu rem en ts  may be u s e f u l  t o  i d e n t i f y  
p r o b le m  a r e a s ,  p r o c e s s e s ,  and o p e r a t i o n s .

D e t a i l e d  a n a l y t i c a l  m ethods  f o r  b o t h  2ME and 2EE a r e  i n  t h e  NIOSH Manual  
o f  A n a l y t i c a l  M ethods ,  Second E d i t i o n . The method f o r  2ME, #579 ,  i s  i n  
Volume 2,  [34] and t h e  method f o r  2EE, #S361,  i s  i n  Volume 5 [ 3 5 ] .

CONTROLLING WORKER EXPOSURE

There  a r e  f o u r  b a s i c  m ethods  o f  l i m i t i n g  w o rk e r  e x p o s u r e  t o  2ME and 2EE, 
none o f  which  i s  a s i m p l e  i n d u s t r i a l  h y g i e n e  o r  management  d e c i s i o n .  
C a r e f u l  p l a n n i n g  and t h o u g h t  s h o u l d  b e  u s e d  p r i o r  t o  i m p l e m e n t a t i o n .
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P r o d u c t  S u b s t i t u t i o n

The s u b s t i t u t i o n  o f  an a l t e r n a t i v e  m a t e r i a l  w i t h  a l o w e r  p o t e n t i a l  h e a l t h  
r i s k  i s  an  i m p o r t a n t  method f o r  r e d u c i n g  e x p o s u r e .  E x t r e m e  c a r e  must  be  
u sed  when s e l e c t i n g  s u b s t i t u t e s .  A l th o u g h  t h e  t e s t  r e s u l t s  f o r  some 
s t r u c t u r a l l y  r e l a t e d  g l y c o l  e t h e r s  r e p o r t e d  i n  t h i s  b u l l e t i n  seem to  
s u g g e s t  l e s s  h a z a r d o u s  compounds, t h e  t e s t i n g  i s  n o t  y e t  s u f f i c i e n t  t o  
i d e n t i f y  a  s u b s t i t u t e  f o r  2ME and 2EE. P o s s i b l e  h e a l t h  e f f e c t s  and 
p o t e n t i a l  e x p o s u r e s  o f  a l t e r n a t i v e s  t o  2ME and 2EE s h o u ld  b e  f u l l y  
e v a l u a t e d  p r i o r  t o  s e l e c t i o n .

Contaminan t  C o n t r o l s

A i r b o r n e  c o n c e n t r a t i o n s  o f  2ME and 2EE c a n  be  most  e f f e c t i v e l y  c o n t r o l l e d  
a t  t h e  s o u r c e  o f  c o n t a m i n a t i o n  by e n c l o s u r e  o f  t h e  o p e r a t i o n  and  u s e  o f  
l o c a l  e x h a u s t  v e n t i l a t i o n .  G u i d e l i n e s  f o r  s e l e c t e d  p r o c e s s e s  and 
o p e r a t i o n s  can  be  found i n  NIOSH's Recommended I n d u s t r i a l  V e n t i l a t i o n  
G u i d e l i n e s  [ 3 6 ] .  When e n c l o s i n g  a p r o c e s s  o r  o p e r a t i o n ,  a s l i g h t  vacuum 
s h o u ld  be used  t o  c r e a t e  n e g a t i v e  p r e s s u r e  so t h a t  l e a k a g e  w i l l  c ause  
e x t e r n a l  a i r  t o  f low  i n t o  t h e  e n c l o s u r e  and m in im ize  c o n t a m i n a t i o n  o f  t h e  
w o r k p l a c e .  T h i s  can  be a c c o m p l i s h e d  w i t h  a w e l l - d e s i g n e d  l o c a l  e x h a u s t  
v e n t i l a t i o n  s y s te m  t h a t  p h y s i c a l l y  e n c l o s e s  t h e  p r o c e s s  a s  much as 
p o s s i b l e ,  w i t h  s u f f i c i e n t  c a p t u r e  v e l o c i t y  t o  keep  t h e  c o n t a m i n a n t  from 
e n t e r i n g  t h e  w o r k p l a c e  a tm o s p h e r e .  The d e s i g n  of  v e n t i l a t i o n  sys tem s  
s h o u ld  t a k e  i n t o  a c c o u n t  t h e  r e a c t i v e  c h a r a c t e r i s t i c s  o f  2ME and 2EE.

V e n t i l a t i o n  e qu ipm e n t  s h o u ld  be checked  a t  l e a s t  e v e r y  t h r e e  months to  
e n s u r e  a d e q u a t e  p e r f o r m a n c e .  Sys tem e f f e c t i v e n e s s  s h o u l d  a l s o  be  checked  
soon a f t e r  any change  i n  p r o d u c t i o n ,  p r o c e s s ,  o r  c o n t r o l  t h a t  m ig h t  r e s u l t  
i n  s i g n i f i c a n t  i n c r e a s e s  i n  a i r b o r n e  e x p o s u r e  t o  2ME and  2EE.

Worker  I s o l a t i o n

I f  f e a s i b l e ,  w o r k e r s  may be i s o l a t e d  from d i r e c t  c o n t a c t  w i t h  t h e  work 
e n v i ronm en t  by t h e  u s e  o f  au to m a te d  equ ipm en t  o p e r a t e d  from a c l o s e d  
c o n t r o l  b o o t h  o r  room. The c o n t r o l  room s h o u l d  be  m a i n t a i n e d  a t  a g r e a t e r  
a i r  p r e s s u r e  t h a n  t h a t  s u r r o u n d i n g  t h e  p r o c e s s  eq u ip m e n t  so t h a t  a i r  f lows 
o u t  o f ,  r a t h e r  t h a n  i n t o ,  t h e  room. T h i s  t y p e  o f  c o n t r o l  w i l l  n o t  p r o t e c t  
w o rk e rs  who must  p e r f o r m  p r o c e s s  c h e c k s ,  a d j u s t m e n t s ,  m a i n t e n a n c e ,  and 
r e l a t e d  o p e r a t i o n s .  T h e r e f o r e ,  s p e c i a l  p r e c a u t i o n s  a r e  o f t e n  n e c e s s a r y  to  
p r e v e n t  o r  l i m i t  w orke r  e x p o s u re  i n  t h e s e  s i t u a t i o n s  and f r e q u e n t l y  
i n v o l v e  t h e  u s e  o f  p e r s o n a l  p r o t e c t i v e  e q u i p m e n t .

P e r s o n a l  P r o t e c t i v e  Equipment

P e r s o n a l  p r o t e c t i v e  e q u ip m e n t ,  which  may i n c l u d e  g o g g l e s ,  g l o v e s ,  
c o v e r a l l s ,  f o o t w e a r ,  and r e s p i r a t o r s ,  s h o u l d  n o t  be  t h e  o n l y  means of  
p r e v e n t i n g  o r  m i n i m i z i n g  e x p o s u re  d u r i n g  r o u t i n e  o p e r a t i o n s .  S i n c e  2ME 
and 2EE can  p e n e t r a t e  t h e  s k i n ,  p e r s o n a l  p r o t e c t i v e  c l o t h i n g  and equipment  
s h o u ld  be  s e l e c t e d  t h a t  i s  impermeable  t o  2ME and 2EE.
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APPENDIX I I

IDENTIFIERS AND SYNONYMS FOR 2-METHOXYETHANOL AND 2-ETHOXYETHANOL

1.  2 -M e th o x y e th a n o l

Chemical  A b s t r a c t s  S e r v i c e  R e g i s t r y  Number: 109-86-4
NIOSH RTECS Number: KL57750
S t r u c t u r a l  Fo rm ula :  CH3- 0-CH2_ CH2- OH
E m p i r i c a l  F o rm u la :  C3H8O2

Dowanol EM
E t h y l e n e  g l y c o l  m e th y l  e t h e r  
E t h y l e n e  g l y c o l  monomethyl  e t h e r  
G ly c o lm e th y l  e t h e r  
G ly c o l  monomethyl  e t h e r  
MECS
M e thoxyhyd roxye tha ne

Methy l  C e l l o s o l v e  
Methyl  g l y c o l  
M eth y l  o x i t o l
Monomethyl  e t h e r  o f  e t h y l e n e  

g l y c o l  
P o l y - s o l v  EM

2 .  2-E thoxye  t h a n o 1

Chemica l  A b s t r a c t s  S e r v i c e  R e g i s t r y  Number: 
NIOSH RTECS Number: KK80500
S t r u c t u r a l  F o rm u la :  CH3-CH2- 0-CH2- CH2- 0H
E m p i r i c a l  Fo rm u la :  C4H10O2

110-80-5

C e l l o s o l v e
C e l l o s o l v e  s o l v e n t
Dowanol EE
E t h y l  c e l l o s o l v e
E t h y l e n e  g l y c o l  e t h y l  e t h e r
E t h y l e n e  g l y c o l  m onoe thy l  e t h e r

G l y c o l  e t h y l  e t h e r  
G l y c o l  m onoe thy l  e t h e r  
Hydroxy e t h e r  
NCI-C54853 
O x i t o l
P o l y - s o l v  EE

T h is  i n f o r m a t i o n  was o b t a i n e d  from t h e  NIOSH1s c o m p u t e r i z e d  R e g i s t e r y  
o f  Tox ic  E f f e c t s  o f  Chemica l  S u b s t a n c e s  (RTECS) [ 3 7 ] .  R e g i s t e r e d
t r a d e m a r k  i n f o r m a t i o n  i s  n o t  i n c l u d e d  i n  t h i s  f i l e .  T h e r e f o r e ,  some 
o f  t h e  above synonyms and i d e n t i f i e r s  h a v e  t r a d e m a r k s  b u t  a r e  n o t  so 
i n d i c a t e d .
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APPENDIX I I I

STRDCTURALLY RELATED GLYCOL ETHERS

2MEA = 2 -M e th o x y e th y l  a c e t a t e

2EEA = 2 - E t h o x y e t h y l  a c e t a t e

2BE = 2 - B u t o x y e t h a n o l

2PE = 2 - P h e n o x y e t h a n o l

EGdiME = E t h y l e n e  g l y c o l
d i m e th y l  e t h e r

bis2ME = b i s ( 2 - m e t h o x y e t h y l ) e t h e r

2EEE = 2 - ( 2 - E t h o x y e t h o x y ) e t h a n o l

IMP = l - M e t h o x y - 2 - p r o p a n o l
o r  p r o p y l e n e  g l y c o l  

monomethyl  e t h e r

0II(CH3-0-CH2-CH2-0-C-CH3)

0
II

(CH3-CH2-O-CH2-CH2-O-C-CH3 ) 

(CH3-CH2-CH2-CH2-O-CH2-CH2-OH)
(c6h5-o-ch2-ch2-oh)

(c h 3- 0- c h2-ch2 - 0- ch3)

(CH3- 0-CH2-CH2- 0-CH2-CH2- 0-CH3)

(CH3-CH2- 0-CH2-CH2- 0-CH2-CH2- 0H)

(CH3-0-CH2-CH-0H)

ch3
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CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS

1 . C h lo ro p re n e -  J a n u a r y  20 ,  1975
2. T r i c h l o r o e t h y l e n e  (TCE) - J u n e  6, 1975
3. E t h y le n e  D ib rom ide  (EDB) -  J u l y  7,  1975
4 . Chrome P igment - June  24,  1975

- O c t o b e r  7 , 1975
- O c t o b e r  8, 1976

5. A s b e s to s  -  A s b e s t o s  Exposu re  d u r i n g  S e r v i c i n g
of  Motor  V e h i c l e  Brake  and C l u t c h  A s s e m b l i e s -  Augus t  8, 1975

6. H e x a m e th y lp h o s p h o r ic  T r i a m id e  (HMPA) - O c t o b e r  24,  1975
7. P o l y c h l o r i n a t e d  B i p h e n y l s  (PCB's ) - November 3 ,  1975

- Augus t  20, 1976
8. 4 , 4 ' -D iam in o d ip h e n y lm e th a n e  (DDM) - J a n u a r y  30,  1976
9. Ch lorofo rm - March 15, 1976
10. Radon D a u g h t e r s -  May 11, 1976
11 . Dime th y l e a r b a m o y l  C h l o r i d e  (DMCC)

R ev ised - J u l y  7, 1976
12. D i e t h y l c a r b a m o y l  C h l o r i d e  (DECC) - J u l y  7, 1976
13. E x p l o s iv e  Azide Hazard -  A u g u s t  16, 1976
14. I n o r g a n i c  A r s e n i c  -  R e s p i r a t o r y

Pro  t ec  t i o n - September  27,  1976
15. N i t r o s a m i n e s  i n  C u t t i n g  F l u i d s -  O c t o b e r  6, 1976
16. M e ta b o l i c  P r e c u r s o r s  o f  a Known Human

C a r c in o g e n ,  B e ta -N a p h th y la m in e -  December 17,  1976
17. 2 - N i t r o p r o p a n e - A p r i l  25,  1977
18. A c r y l o n i  t r i l e - J u l y  1, 1977
19. 2 , 4 - D i a m i n o a n i s o l e  i n  H a i r  and Fur  Dyes - J a n u a r y  13, 1978
20. T e t r a c h l o r o e t h y l e n e  ( P e r c h l o r o e t h y l e n e ) - J a n u a r y  20,  1978
21. T r i m e l l i t l c  Anhydr ide  (TMA) - F e b r u a r y  3 ,  1978
22. E t h y le n e  T h i o u r e a  (ETU) - A p r i l  11, 1978
23. E th y le n e  D ibromide  and D i s u l f i r a m

T ox ic  I n t e r a c t i o n -  A p r i l  11, 1978
24. D i r e c t  B lack  38 ,  D i r e c t  Blue  6, and

D i r e c t  Brown 95 B e n z i d i n e  D e r i v e d  Dyes -  A p r i l  17, 1978
25. E t h y le n e  D i c h l o r i d e  ( 1 , 2 - D i c h l o r o e t h a n e ) -  A p r i l  19,  1978
26. NIAX® C a t a l y s t  ESN - May 22,  1978
27. C h l o r o e t h a n e s  - Review o f  T o x i c i t y -  A u g u s t  21,  1978
28. V in y l  H a l i d e s  - C a r c i n o g e n i c i t y - Sep tem ber  21 ,  1978
29 . G l y c i d y l  E t h e r s - O c to b e r  12, 1978
30. E p i c h l o r o h y d r i n -  O c to b e r  12, 1978
31 . Adverse  H e a l t h  E f f e c t s  o f  Smoking and

the O c c u p a t i o n a l  Env i ronm en t - F e b r u a r y  5 ,  1979
32 . A r s in e  ( A r s e n i c  H y d r id e )  P o i s o n i n g  in

the Workplace - A u g u s t  3 ,  1979
33 . R a d i o f r e q u e n c y  (RF) S e a l e r s  and H e a t e r s :

P o t e n t i a l  H e a l t h  H a z a rd s  and T h e i r  P r e v e n t i o n -  December 4 ,  1979
34 . Formaldehyde:  E v idence  o f  C a r c i n o g e n i c i t y -  A p r i l  15, 1981
35. E t h y le n e  Oxide (E tO ) :  E v id e n c e  o f

C a r c i n o g e n i c i  ty -  May 22, 1981
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CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS (CONTINUED)

36.  S i l i c a  F l o u r :  S i l i c o s i s
37. E t h y l e n e  Dibromide  (EDB)

R e v i s e d
38. V i b r a t i o n  Syndrome
39.  The G lyco l  E t h e r s ,  w i t h  P a r t i c u l a r  

R e f e r e n c e  to 2 -M e th o x y e th a n o l  and 
2 - E t h o x y e t h a n o l : Ev idence  o f  Adverse  
R e p r o d u c t i v e  E f f e c t s

- June  3 0 ,  1981

- O c t o b e r  26 ,  1981
-  March 29 ,  1983

- May 2 ,  1983

NOTE: B u l l e t i n s  #1 th r o u g h  #18 and #19 th r o u g h  #30 have  been r e p r i n t e d  as
NIOSH p u b l i c a t i o n s ,  #78-127 and #79-146 r e s p e c t i v e l y ,  f o r  the  
co n v e n ie n c e  o f  t h o s e  t h a t  d e s i r e  a c o m p le te  s e r i e s  o f  C u r r e n t  
I n t e l l i g e n c e  B u l l e t i n s .  D i s t r i b u t i o n  o f  t h e s e  p u b l i c a t i o n s  and  
s i n g l e  c o p i e s  o f  B u l l e t i n s  #31 and l a t e r  a r e  a v a i l a b l e  from NIOSH 
P u b l i c a t i o n s  D i s s e m i n a t i o n ,  D i v i s i o n  o f  S t a n d a r d s  D eve lopment  and  
Technology  T r a n s f e r ,  4676 Columbia Parkway,  C i n c i n n a t i ,  Ohio 45226.
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