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Two polYchlorinated aminodiphenyl ethers were found in fish 
caught downstream of t e x t i l e  fac tor ies  (West66 and Nor~n 1977; 
Wells 1979). They were i d e n t i f i e d  as 2 ' ,3 ,& ,& ' ,5 -pen tach lo ro -2 -  
aminodiphenyl ether ( I )  and 2 ' ,3 ,4 ,4 ' ,5 ,6 -hexach lo ro-2-aminod i -  
phenyl ether ( I f )  (West66 and Nor~n 1977, West66 et a l .  1983), 
Figure I .  These compounds emanated from the mothproofing agent 
Eulan WA Neu (Farbenfabriken Bayer AG). The main act ive cons t i t -  
uents of th is  agent are the N-chloromethylsulphone der iva t ives  
I I I  and IV (Figure I) of the compounds I and I I .  Human exposure 
to these substances can occur in t e x t i l e  industr ies or via in-  
gestion of contaminated f i sh .  Milk from two mothers who had 
worked with Eulan WA Neu did not contain I or I I  (detect ion 
l i m i t  D.I pg/kg). However, these mothers had already nursed 
the i r  in fants during several months before the mi lk was c o l l e c t -  
ed and the e l im ina t ion  rate of these substances is  not known. To 
gain fu r ther  informat ion,  the accumulation and e l im ina t ion  of I 
and I I  were studied in mice given compounds I - IV  in the feed. 

MATERIALS AND METHODS 

Compounds I and I I  we re  p r e p a r e d  a c c o r d i n g  t o  West66 and Nor~n 
( 1 9 7 7 ) .  Pure I o r  I I ,  o r  m i x t u r e s  o f  t h e  two were  g i v e n  t o  m i c e .  

When the mixture of the active ingredients (mainly III and IV) 
o f  Eu lan  WA Neu was r e c r y s t a l l i z e d  from e t h a n o l ,  IV was con -  
c e n t r a t e d  i n  t h e  c r y s t a l s  and I I I  i n  t h e  s o l u t i o n .  A f t e r  s e v e r a l  
r e c r y s t a l l i z a t i o n s ,  I I I  and IV were  i s o l a t e d  f r om t h e  p u r e s t  
f r a c t i o n s  by co lumn c h r o m a t o g r a p h y  a c c o r d i n g  t o  We l l s  ( 1 9 7 9 ) .  
The p u r i f i e d  compounds were  used as s t a n d a r d s  f o r  t h e  gas c h r o -  
m a t o g r a p h i c  d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n s  o f  I I I  and IV i n  
t h e  m i x t u r e s  o f  I I I  and IV o r  t h e i r  sod ium s a l t s  fed  t o  t h e  
m i c e .  

The a n i m a l s  were  w h i t e ,  a d u l t ,  f e m a l e  m ice  ( s t r a i n  NHRI) w e i g h -  
i n g  a b o u t  25 g. Known amounts o f  compounds I a n d / o r  I I ,  o r  I I I  
and IV i n  e t h a n o l  s o l u t i o n  were  a p p l i e d  t o  t h e  f e e d ,  w h i c h  was 
then  d r i e d  a t  room t e m p e r a t u r e .  When a mouse had consumed a l l  
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F i g u r e  1. S t r u c t u r e s  o f  t h e  compounds d i s c u s s e d .  

o f  t h e  d a i l y  dose ,  u n c o n t a m i n a t e d  feed  was p r o v i d e d  ad libitum. 
Thus the  m ice  r e c e i v e d  d e f i n e d  d a i l y  d o s e s .  The a n i m a l s  were  
k e p t  i n  i n d i v i d u a l  cages .  C o n t r o l  a n i m a l s  were  fed  u n c o n t a m i -  
na ted  feed  p a r a l l e l  w i t h  each e x p e r i m e n t .  The a b d o m i n a l  f a t  was 
a n a l y z e d  f o r  I and I I .  

To s t u d y  t h e  t i m e s  r e q u i r e d  f r o m  t h e  c o n s u m p t i o n  o f  I and I I  t o  
t h e i r  i n c o r p o r a t i o n  i n t o  t h e  a b d o m i n a l  f a t ,  f i v e  m ice  were  g i v e n  
d a i l y  doses  o f  82 .5  pg I and 190 pg I I  f o r  16 days and sub-  
s e q u e n t l y  u n c o n t a m i n a t e d  f e e d .  From each mouse one f o u r t h  o f  t h e  
a b d o m i n a l  f a t  was removed on t h e  1 s t ,  3rd0 6 th  and 14th day 
a f t e r  t he  l a s t  dose .  

In a study of the equilibria between accumulation and elimina- 
tion o f  [ and [ I ,  m ice  were  fed  [ a n d / o r  I I  f o r  2 (2 m i c e ) ,  4 (7 
m i c e ) ,  ? (2 m i c e ) ,  16 (4 m i c e ) ,  28 (4 m i c e ) ,  and 60 (18 m ice )  
days .  The d a i l y  dose o f  I r anged  f r o m  25 t o  2500 pg,  t h a t  o f  I I  
f r o m  0 .70  t o  2300 pg (2 -5  m ice  a t  each d o s e ) .  Th i s  c o r r e s p o n d s  
to  a v e r a g e  l e v e l s  i n  t he  t o t a l  f eed  f r om 6.7  t o  670 mg [ / k g  and 
f r om 0.21 t o  620 mg I I / k g .  The m ice  t hen  r e c e i v e d  u n c o n t a m i n a t e d  
feed  f o r  5 days and were  k i l l e d  on t h e  6 th  day .  

In order to estimate the elimination rates of I and II, 15 mice 
were  fed  c o n t a m i n a t e d  f eed  d u r i n g  $ days w i t h  a d a i l y  dose o f  
600 pg I and 320 pg I I .  A f t e r  5, 8, 11 o r  14 days on u n c o n t a m i n -  
ated feed, t he  a n i m a l s  were  k i l l e d ,  and t h e  l e v e l s  o f  I and [ [  
i n  t h e  a b d o m i n a l  f a t  were  d e t e r m i n e d .  In  a d d i t i o n ,  11 m ice  were  
fed  c o n t a m i n a t e d  feed  as above ,  bu t  i n s t e a d  o f  k i l l i n g  t h e  m ice  
1/4 o f  t h e  a b d o m i n a l  f a t  was removed f r om each mouse 2, 3 o r  4 
t i m e s  f o r  a n a l y s i s .  The o p e r a t i o n s  t o o k  p l a c e  on the  6 t h ,  9 t h ,  
12 th  a n d / o r  15th day a f t e r  t h e  l a s t  dose .  

Compounds I I I  and IV were  g i v e n  t o  2 m i c e  f o r  58 days and t o  6 
m ice  f o r  60 days .  A f t e r  5 days on u n c o n t a m i n a t e d  f eed  t h e  a n i -  
mals  were  k i l l e d .  The d a i l y  doses  a re  shown t o g e t h e r  w i t h  t he  
r e s u l t s ,  T a b l e  3. 

The c o n c e n t r a t i o n s  o f  I and I I  i n  t h e  f a t  were  d e t e r m i n e d  by gas 
c h r o m a t o g r a p h y .  The e x t r a c t i o n  and c l e a n - u p  were  p e r f o r m e d  as 
d e s c r i b e d  f o r  o r g a n o c h l o ~ n e  p e s t i c i d e s  (Nor~n and West66 1968) .  
A Pye Unicam GCV w i t h  a - - N i  e l e c t r o n  c a p t u r e  d e t e c t o r  and a 
g l a s s  co lumn (2 mm x 2 m) packed w i t h  3Z D e x i l  300 o r  5~ OV 101 
on Chromosorb  W DffCS, 100/120 mesh, was used f o r  t h e  d e t e r m i n a -  
t i o n s .  
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The a n a l y s i s  o f  t h e  m i x t u r e  o f  I I I  and IV added t o  t h e  f e e d  was 
p e r f o r m e d  a c c o r d i n g  t o  W e l l s  ( 1 9 7 9 ) ,  

RESULTS AND DISCUSSION 

The times required from the consumption of I and I I  to t h e i r  
incorporat ion in to  the abdominal fa t  were studied in succes- 
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F i g u r e  2. The l o g a r i t h m s  o f  t h e  c o n c e n t r a t i o n s  (mg /kg )  o f  I and 
I I  i n  f a t  i n  m ice  ( a - e )  as f u n c t i o n s  o f  t he  t i m e  e l a p s e d  s i n c e  
t h e  l a s t  dose .  
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s i v e  samples of fa t  taken from each of 5 mice t reated as 
described above. By studying the changes in the levels of I and 
I I  in the fa t  of each i nd i v i dua l  mouse, errors due to d i f f e r -  
ences in absorption e f f i c iency  between the mice were e l iminated.  
Other advantages of th is  method are that  smaller amounts of 
compounds I and I I  and fewer animals are required. However, the 
operations - though they did not seem to a f fec t  the condi t ion of 
the mice - might inf luence the e l im ina t ion  rates. Figure 2 shows 
the logarithms of the levels  as functions of time a f te r  the l as t  
dose. The curves ind icate that the incorporat ion of at least  
compound I I  i n to  the fa t  may have continued for  several days 
a f te r  admin is t ra t ion had f in ished.  In order to minimize errors 
caused by the delay, in subsequent experiments mice were fed 
uncontaminated feed for  5 days before sampling took place. 

The equilibria between accumulation and elimination of I and I I  
were invest igated in animals given d i f f e r e n t  doses of I and I I  
during 2-60 days. In Figure 3 the average concentrations of 
accumulated I and I I  in abdominal fa t  div ided by the da i l y  doses 
are given as functions of the durat ion of admin is t ra t ion.  
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F i g u r e  3. A v e r a g e  c o n c e n t r a t i o n s  o f  a c c u m u l a t e d  [ and I I  i n  t h e  
a b d o m i n a l  f a t  o f  m i ce  (5 days  a f t e r  t h e  l a s t  d o s e )  p e r  mg o f  t h e  
d a i l y  dose  as f u n c t i o n s  o f  t h e  d u r a t i o n  o f  a d m i n i s t r a t i o n .  Each 
p o i n t  r e p r e s e n t s  2, 4, ? o r  18 m i c e .  Bars  i n d i c a t e  s t a n d a r d  
d e v i a t i o n s .  

The a c c u m u l a t i o n  i n  f a t  i s  assumed t o  be d e t e r m i n e d  by t h e  
e q u a t i o n  

d ( c  ) 
f a t  

= k c k c 
d t  1 f e e d  2 f a t  

(1)  

w h e r e  Cfa t = c o n c e n t r a t i o n  o f  t h e  s u b s t a n c e  in a b d o m i n a l  f a t  
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= concentration of the substance in feed c 
feed 

t = time 

k = constant for  accumulation 
I 

k = constant for  elimination 
2 

d(c  ) (c ) k 
fa t  fa t  equil. 1 

At equ i l i b r ium = 0 and thus = - -  (2) 
dt c k 

feed 2 

According to equation I ,  constant f ract ions of the contaminants 
in the fa t  are el iminated per un i t  time a f te r  the feeding of 
these compounds was completed (Cfe e = 0). Thus the character is-  
t i cs  of the curves in Figure 3 should not have changed when a l l  
the animals were fed uncontaminated feed for  equal periods (here 
5 days) a f te r  feeding the contaminants. Therefore, as the 
average c^ . is p ropor t iona l  to the da i l y  dose, Figure 3 proves 

eeo 
that  f a i r l y  good e q u i l i b r i a  were obtained during the exper i -  
ments. The curves also show that e q u i l i b r i a  were reached a f te r  
about 30 days and that  on the 6th day a f te r  the l as t  dose the 
concentration of I I  in the abdominal fa t  was more than ten times 
that  of I .  

Tak ing  l o g a r i t h m s  o f  bo th  s i d e s  o f  e q u a t i o n  (2)  we o b t a i n  
k 

1 
l og  ( C f a t ) e q u i l .  = l o g -  + l o g  Cfeed (3)  

k 2 

Thus log (Cfatle_u~ 1 should be a linear funct ion of 
log (c~__~) or o~ ~o~ (da i l y  dose), and the slope of the 
straigh~r should be I .  I f  uncontaminated feed is  given a f te r  
equ i l i b r ium is establ ished, only p a r a l l e l  sh i f t s  of the s t ra igh t  
l i nes  should take place. From the i nd i v i dua l  c. _ values of the ,a 
mice a f te r  28 or 60 days on contaminated feed an~ 5 days on un- 
contaminated feed and from the corresponding c~ _-values the 

e o 
equations of the regression l ines were calcula~e~ by the method 
of least  squares. They were found to be 

log (Cfat)equil. = 0.99 log Creed -I.03 for compound I and 

log (Cfat)equil. = 1.01 log Creed + 0.096 for compound II. 

The corresponding correlation coefficients were 0.98 for I and 

0.99 for II. This proves that accumulation and elimination of I 
and II are first order processes as assumed in equation I. 

The elimination rates of I and II from fat were studied in two 
groups of mice. In the first group the animals were killed at 

different times after the last dose. In the second group the 
animals were operated and part of the abdominal fat was removed 

2, 3 or 4 times for analysis. The levels of I and II on 
different days are shown in Table I. 
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Table I. Average levels of I and II in the abdominal fat of mice 
on different days after the last dose of I and I[ (ranges in 
parentheses). 

Number Compound l ,  Compound [ I ,  
An ima ls  Day o f  mice mg/kg f a t  mg/kg f a t  

H ice  sampled 6 5 3 .0  33.0  
once ( 1 . 7 - 4 . 7 )  ( 2 6 . 2 - 3 9 . 2 )  

9 3 1 .8  2 3 . 0  
( 0 . 9 9 - 3 . 1 )  ( 2 1 . 1 - 2 4 . 7 )  

12 4 0 .35 8.2 
( 0 . 1 2 - 0 . 5 2 )  ( 1 . 6 - 1 2 . 4 )  

15 3 0 .10 4 .8  
( 0 . 0 1 - 0 . 1 8 )  ( 1 . 2 - 6 . 9 )  

A l l  t he  6 10 3.4 29.3 
mice ( 1 . 5 - 5 . 7 )  ( 1 2 . 1 - 3 9 . 2 )  

9 6 1.13 18.2 
( 0 . 1 9 - 3 . 1 )  ( 1 0 . 6 - 2 4 . 7 )  

12 8 0.24 6.1 
( 0 . 1 0 - 0 . 5 2 )  ( 1 . 6 - 1 2 . 4 }  

15 11 0 .10 3 .85 
( 0 . 0 1 - 0 . 1 9 )  ( 0 . 9 8 - 7 . 1 )  

When Creed = O, the elimination constant k2 is obtained from 
equation [I) by integration. 

k 2 ( t - t  a ) 
l o g  (Cfa t )  = l o g  (Cs a (4) 

2 .303 
where a i s  a sample taken  a t  the  t ime  t a" 

The e l i m i n a t i o n  c o n s t a n t s  c a l c u l a t e d  f o r  mice sampled once and 
f o r  o p e r a t e d  mice d i d  no t  d i f f e r  much f rom each o t h e r  ( T a b l e  2 ) .  
The k .  v a l u e s  found c o r r e s p o n d e d  to  h a l f - l i v e s  os 1 . 6 - 1 . 8  days 
f o r  IZand 2 . 7 - 2 . 9  days f o r  I I .  

Table 2. Elimination constants (k_) and correlation coefficients 
(r} for compound I and I! in abdominal fat os mice. 

An ima ls  Compound I Compound I I  

k 2 r k 2 r 

Opera ted  mice  0.38 - 0 .89  0.24 - 0 .78  

H ice  sampled once 0 .43 - 0 . 8 9  0 .26 - 0 . 8 3  

A l l  t he  mice 0 .40 - 0 .89  0 .25 - 0 . 8 0  
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When the main act ive ingredients of Eulan WA Neu (compounds I I I  
and IV) were given to mice, the compounds I and I I  were found in 
the abdominal f a t ,  Table 3. 

Table 3. Levels of compounds [ and I I  in the abdominal fa t  of 
mice fed d i f f e r e n t  doses of I I I  and IV for  58 or 60 days and 
uncontaminated feed for  5 days. 

mg compound in  feed /day  mg compound/kg abdominal  f a t  
l l I  IV I I I  

0 ; 0 7 9  

0 . 1 0 8  

0 117 

O 117 

0 240 

0 240 

O 49 

O 67 

0.49 0.10 16.9 

0.67 0.17 18.2 

0.055 0.97 3.7 

0 . 0 5 5  0 . 9 r  2 . 7  

0.112 0.79 5.3 

0.112 1.12 ~.5 

0.229 2.15 9.6 

0.312 2.93 11.0 

The da i l y  doses of I and I I  required to give the same concen- 
t r a t i ons  in fa t  as in Table 3 were calculated e i ther  from the 
curves in Figure 3 or from the equations for the regression 
lines. These doses corresponded to hydrolysis of 7-44X of I I I  
and I0-25Z of IV. However, the s ign i f icance of these values is 
uncertain since the condi t ion of mice fed I I I  and IV was 
obviously af fected.  The levels of I l l  and IV were not i nves t i -  
gated. 
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