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The l e v e l s  o f  c h l o r i n a t e d  d i b e n z o d i o x i n s ,  PCDDs, and 
d i b e n z o f u r a n s ,  PCDFs, in  human m i l k  have been of  
g r e a t  conoern  a f t e r  the  d i s c o v e r y  o f  the  t o x i c  
2 , 3 , 7 , 8 - s u b s t i t u t e d  i somers  in  m i l k  o f  European 
o r i g i n  (WHO 1985).  The t o x i c i t y  o f  the  d i f f e r e n t  
2 , 3 , 7 , 8 - i s o m e r s  v a r i e s .  In e s t i m a t i n g  the  t o t a l  
t o x i c i t y  o f  PCDDs and PCDFs in  m i l k  a l l  i somers  may 
be t r a n s f o r m e d  to  T C D D - e q u i v a l e n t s  r e p r e s e n t i n g  the  
t o x i c i t y  o f  2 , 3 , 7 , 8 - T C D D .  The amounts o f  d i o x i n s  and 
f u r a n s  in  human m i l k  have been round t o  exceed the  
t o l e r a b l e  d a i l y  i n t a k e  v a l u e s ,  1-Spg T C D D - e q u i v a l e n t s  
per kg of  body w e i g h t  and day f o r  an i n f a n t  bee ing  
nursed  (Nygren e t  a l .  1986).  

As knowledge of  e n v i r o n m e n t a l  c o n t a m i n a t i o n  of  human 
b r e a s t  m i l k  i n c r e a s e s ,  q u e s t i o n s  w i l l  c o n t i n u e  t o  be 
asked about  p o s s i b l e  r i s k s  f rom b r e a s t  f e e d i n g .  
Be fo re  any recommendat ions  can be made, t h e r e  must be 
knowledge of  c o n t a m i n a n t  l e v e l s  in  m o t h e r s '  b r e a s t  
m i l k .  S ince  t e s t i n g  of  a l l  mo the rs  i s  not  f e a s i b l e  i t  
i s  u r g e n t  t o  f i n d  p o t e n t i a l  r i s k  g roups  of  m o t h e r s .  

FQrs t  e t  a l .  (1986a)  have e a r l i e r  measured PCB and 17 
d i f f e r e n t  d i o x i n s  and f u r a n s  in  human b r e a s t  m i l k  
samples .  P e r s o n a l i a  o f  the  mo the rs  are  known. To 
da te  the  da ta  has o n l y  been a n a l y z e d  by u n i v a r i a t e  
and b i v a r i a t e  s t a t i s t i c a l  methods (FQrs t  e t  a l .  
1986b) .  However to  e x t r a c t  as much i n f o r m a t i o n  as 
p o s s i b l e  f rom t h i s  da ta  s e t ,  m u l t i v a r i a t e  s t a t i s t i c a l  
methods (see e . g .  Mard ia  e t  a l .  1979) must be used. 
Here we p r e s e n t  a m u l t i v a r i a t e  a n a l y s i s  where the  
r e l a t i o n s h i p s  between the  p o l y c h l o r i n a t e d  compounds 
and the  p e r s o n a l i a  o f  the  mo the rs  have been s t u d i e d .  

For the  da ta  a n a l y s i s  p a r t i a l  l e a s t  squa res  (PLS) 
m o d e l l i n g  (Wold e t  a l .  1984, 1985) has been used.  

Send r e p r i n t  r e q u e s t s  t o  G. L i n d s t r 6 m  
a d d r e s s .  
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MATERIALS AND METHODS 

The isomer s p e c i f i c  a n a l y s e s  of  PCDDs and PCDFs in  
the  m i l k  samples were pe r fo rmed  by GC-MS (NCI)  a f t e r  
c l e a n - u p  p rocedu re  i n c l u d i n g  e x t r a c t i o n  of  the  m i l k  
f a t  and f u r t h e r  p u r i f i c a t i o n  of  t h i s  f r a c t i o n  by GPC 
on a F l o r i s i l  co lumn.  For a d e t a i l e d  d e s c r i p t i o n  of  
the  me thodo logy  ( F 0 r s t  e t  a l .  1986a and FOrs t  e t  a l .  
u n p u b l i s h e d  work 1987).  

Ail c a l c u l a t i o n s  were pe r fo rmed  w i t h  the  SIMCA 3-B 
program on an IBM PC m ic rocompu te r  (SIMCA 3-B i s  
a v a i l a b l e  f rom SEPANOVA AB, S-122 43 Enskede, SWEDEN 
or P r i n c i p a l  Data Components, Co lumb ia ,  6 5 2 0 1 M o .  
USA). PLS and SIMCA 3-B sys tem have been d e s c r i b e d  in  
d e t a i l  e l sewhe re  (Wold 1984).  Hence o n l y  a s h o r t  
p r e s e n t a t i o n  w i l l  be g i v e n  here .  

Chemica l  i n v e s t i g a t i o n s  f r e q u e n t l y  p roduce m u l t i v a r i -  
are da ta ,  i . e .  da ta  a r ranged  in  t a b l e s  or  m a t r i c e s ,  
as the  p r e s e n t  da ta  s e t ,  see f i g u r e  1. Wi th  PLS the 
causa l  r e l a t i o n s h i p s  between two da ta  m a t r i c e s  X and 
Y w i t h  the  same samples can be i n v e s t i g a t e d .  In PLS 
each of  the  m a t r i c e s  is decomposed in two low 
d i m e n s i o n a l  m a t r i c e s  T and P f o r  the  X b l o c k  and U 
and Q f o r  the  Y b l o c k .  The causa l  r e l a t i o n s h i p  
between the  X b l o c k  and Y b l ock  i s  e x p r e s s e d  by 
mutua l  r e l a t i o n s h i p s  between columns in  T and U. The 
number o f  s i g n i f i c a n t  d imens ions  A, i . e .  the  number 
o f  co lumns in  the  T and U m a t r i c e s  and rows in  the P 
and Q m a t r i c e s ,  e x t r a c t e d  f rom the  X and Y b l o c k ,  i s  
d e t e r m i n e d  w i t h  c r o s s - v a l i d a t i o n  (Wold e t  a l .  1984).  
U s u a l l y  the  number o f  s i g n i f i c a n t  d i m e n s i o n s  are  low. 
I f  j u s t  one component i s  s i g n i f i c a n t  as in  the  
p r e s e n t  i n v e s t i g a t i o n  (see R e s u l t s )  T and U are j u s t  
column v e c t o r s  ( t ( 1 )  and u ( 1 ) )  and P and Q are  row 
v e c t o r s  ( p ( 1 )  and q ( 1 ) ) ,  see f i g u r e  1. The s i z e  of  
the  a b s o l u t e  v a l u e  of  an e lement  in  the  p and q 
l o a d i n g  v e c t o r s  d e s c r i b e s  the  c o n t r i b u t i o n  of  the  
v a r i a b l e  to  the  t and u sco re  v e c t o r s  and the  s i g n  
shows whe ther  the  v a r i a b l e  i s  n e g a t i v e l y  or  p o s i t i v -  
e l y  c o r r e l a t e d  t o t  or  u. A p l o t  o f  the  u v e c t o r  
a g a i n s t  the  t v e c t o r  r e v e a l s  the  causa l  r e l a t i o n s h i p  
between the  Y and X b l o c k .  

The a n a l y z e d  da ta  s e t  c o n s i s t s  o f  39 m i l k  samples 
f r o m  l a c t a t i n g  women. The samples were c h a r a c t e r i z e d  
by 15 chem ica l  measurements and 7 a d d i t i o n a l  
v a r i a b l e s  wh ich  d e s c r i b e d  the  p e r s o n a l i a  o f  the  
m o t h e r s .  Thus the  da ta  c o u l d  be r e p r e s e n t e d  by a 
39X15 m a t r i x ,  Y, and a 39X7 m a t r i x ,  X, see f i g u r e  1. 
In the original data set reported by FOrst et al., 17 
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F i g u r e  r e p r e s e n t a t i o n  o f  t h e  p r e s e n t  
multivariate data set. The score (t and u) and loading 
(p and q) vectors of the first PLS dimension are also 
shown. 

u(1) 

4 1  
5 

37 

44 
43 

35 
40 48 11 20 

28 22 52 
13 2 25 

51 8 30 
53 34 3 42 9 

10 39 
15 

3 8  

17 

27 16 
12 36 

1 
31 7 t(1) 

50 33 

4 6  

F i g u r e  2. The l a t e n t  v a r i a b l e  t ( t )  f r om  t h e  p e r s o n a l i a  
d a t a  b l o c k  p l o t t e d  a g a i n s t  t h e  l a t e n t  v a r i a b l e  u ( 1 )  
f r om  t h e  c h e m i c a l  d a t a .  The p l o t  shows t h e  c o r r e l a t i o n  
be tween t h e  X and Y b l o c k s .  Each number ( see  F D r s t  e t  
a l .  ( 1 9 8 6 a ) )  r e p r e s e n t s  a m o t h e r .  
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c h e m i c a l  v a r i a b l e s  f o r  53 m o t h e r s  w e r e  r e p o r t e d .  
H o w e v e r ,  p e r s o n a l i a  was o n l y  r e c o r d e d  f o r  t h e  39 
s a m p l e s  h e r e  u s e d .  Two c h e m i c a l  v a r i a b l e s  w e r e  n o t  
used  i n  t h i s  s t u d y  due t o  t h e  f a c t  t h a t  t h e i r  l e v e l s  
w e r e  b e l o w  t h e  d e t e c t i o n  l i m i t  i n  mos t  s a m p l e s  
a n a l y z e d .  

P r i o r  t o  t h e  PLS a n a l y s i s ,  e s t a b l i s h e d  d a t a  p r e p r o c -  
e s s i n g  o f  t h e  d a t a  was p e r f o r m e d .  Thus  due t o  skewed  
d i s t r i b u t i o n s  o f  t h e  c h e m i c a l  d a t a ,  l o g a r i t h m s  o f  
t h e  o r i g i n a l  m e a s u r e m e n t s  w e r e  u s e d .  F u r t h e r ,  a l l  
v a r i a b l e s  w e r e  a c a l e d  and t h e  v a r i a b l e  meane w e r e  
s u b t r a c t e d  f r o m  t h e  d a t a .  

T a b l e  I. The v a r i a b l e s  and l o a d i n g s  p and q f o r  t h e  Y 
and X b l o c k s  used  i n  t h e  PLS a n a l y s i s .  

v a r i a b l e s  l o a d i n g s  m. power  = 

1 OCDD 
2 1234678-HpCDD 
3 123789-HxCDD 
4 123678-HxCDD 
5 123478-HxCDD 
6 sum o f  HxCDDs 
7 12378-PeCDD 
8 TCDD e q u i v a l e n t s  
9 OCDF 

10 1234678-HpCDF 
11 123478-HxCDF 
12 123678-HxCDF 
13 234678 -HxCDF 
14 23478 -PeCDF 
15 PCB 

.23  

.26  

.32  

.31  

.33  

.33  
29 
23 
10 
21 
24 
21 
23 
20 
28 

11 
14 
24 
22 
26 
27 
18 
10 

.01 

.09  

.12  

. 08  

.11  

. 08  

. 17  

16 f a t  % i n  m i l k  
17 m o t h e r s  f a t  s t a t u e  
18 p l a c e  o f  r e s i d e n c e  
19 number  o f  c h i l d r e n  
20 l a c t a t i o n  t i m e  
21 m o t h e r s  age 
22 w e i g h t  o f  c h i l d  

.32  .08  
- .  13 . 00  

.08  . 00  
- . 5 4  .28  
- . 4 1  . 14 

.21 . 00  
- . 6 0  . 34  

=A model l ing power  equal to zero means tha t  no 
v a r i a t i o n  in the v a r i a b l e  i s  descr ibed by the model 
and a model l ing power equal to one meane tha t  a l l  
v a r i a t i o n  in the v a r i a b l e  ie  deecribed by the model, 
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RESULTS AND DISCUSSION 

In the  P L S - a n a l y s i s  the  chem ica l  v a r i a b l e s  1-15 were 
used as Y and the  p e r s o n a l i a  v a r i a b l e s  ( 1 6 - 2 2 )  as X. 
Thus an o p t i m a l  model was c a l c u l a t e d  w i t h  r e s p e c t  t o  
p r e d i c t i o n  of  the  chem ica l  v a r i a b l e s  f rom the  
p e r s o n a l i a  o f  the  m o t h e r s .  C r o s s - v a l i d a t i o n  showed 
t h a t  j u s t  one l a t e n t  v a r i a b l e  f rom the  p e r s o n a l i a  
da ta  b l o c k  (X) c o n t a i n e d  p r e d i c t i v e  i n f o r m a t i o n  on 
the  chem ica l  v a r i a b l e s .  A p l o t  o f  t he  l a t e n t  v a r i a b l e  
f rom the  X b l o c k ,  t ( 1 ) ,  a g a i n s t  the  l a t e n t  v a r i a b l e ,  
u ( 1 ) ,  f rom the  Y b l o c k  i s  shown in  f i g u r e  2. 

The PLS model d e s c r i b e s  about  10% and 27% of  the  
v a r i a n t e  in  the  X and Y b l o o k s ,  showing t h a t  t h e r e  i s  
l i t t l e  o v e r a l l  r e l a t i o n s h i p  between the  p e r s o n a l i a  
v a r i a b l e s  and ohemica l  v a r i a b l e s .  Wi th  a s e p a r a t e  
p r i n c i p a l  components a n a l y s i s  (Mard ia  1979) o f  the  
chem ica l  da ta  b l o c k  Y, we have c o n f i r m e d  t h a t  a two 
components model d e s c r i b e s  about  75% of  the  v a r i a n c e  
in  t h i s  b l o c k .  The number o f  s i g n i f i c a n t  components 
were d e t e r m i n e d  w i t h  c r o s s - v a l i d a t i o n .  T h i s  shows the  
h igh  p r e c i s i o n  in  the  chemica l  a n a l y s i s  and t h a t  the  
p e r s o n a l i a  v a r i a b l e s  can d e s c r i b e  o n l y  one t h i r d  of  
the  s y s t e m a t i c  v a r i a t i o n  o f  the  d i o x i n s  and f u r a n s  in  
the  samples .  

In the  PLS a n a l y s i s  v a r i a b l e s  19, 20 and 22 o o n t r i b -  
u te  much (50%, 24% and 57% of  v a r i a n c e  e x p l a i n e d )  t o  
the  t v e c t o r  and the  d i o x i n s  ( v a r i a b l e s  2 - 7 )  and PCB 
( v a r i a b l e  15) c o n t r i b u t e  most (30%-50% of  v a r i a n c e  
e x p l a i n e d )  f o  the  u v e c t o r .  From the  s i g n  o f  the  
l o a d i n g s  i f  i s  seen t h a t  the  ma jo r  c o n t r i b u t i n g  
p e r s o n a l i a  v a r i a b l e s  are  n e g a t i v e l y  c o r r e l a t e d  t o  the  
ma jo r  chemica l  v a r i a b l e s .  For example the  c o n c e n t r a t -  
ion  of  the  d i o x i n s  dec reases  w i t h  i n c r e a s i n g  number 
o f  l a c t a t i o n  p e r i o d s .  We a l s o  note  t h a t  whe the r  the  
mo the rs  l i v e d  in  an u r b a n i z e d  area or  a r u r a l  
e n v i r o n m e n t  does not  c o n t r i b u t e  t o  the  model .  

From the  a n a l y s i s ,  i t  was d e t e c t e d  t h a t  f o r  the  
s t u d i e d  l a c t a t i o n  p e r i o d  the  t w o - c h i l d r e n  mo the rs  af  
the  r ime of  the  c o l l e c t i o n  of  the  m i l k  samples had 
about  t w i c e  as long l a c t a t i o n  r imes  as the  o n e - c h i l d  
m o t h e r s .  T h i s  shows t h a t  the  samp l i ng  can be improved 
and t h a t  we can not  d i r e c t l y  f rom t h i s  da ta  s e t  draw 
the  c o n c l u s i o n  t h a t  the  c o n c e n t r a t i o n  o f  d i o x i n s  
dec reases  w i t h  the  number o f  c h i l d r e n .  

The data can also be analyzed wi th  separate models 
for  one and two c h i l d  mothers, However, these ana- 
lyses have not been deaZt wi th in t h i s  repor t ,  
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